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FOREWORD 


Volume III has been constructed on the same lines as those followed in "V olume II. 
The Foreword written in Volume II therefore covers all that it is necessary to say 
concerning Volume III. 

Dr. Johnson says in the Preface to his Dictionary, published in 1755, “ It is the 
fate of those who toil at the lower employments of life to he rather driven by the fear of evil, 
than attracted by the prospect of good ; to be exposed to censure, without hope of 
praise ; to be disgraced by miscarriage, or punished for neglect, where success woidd 
have been without applause, and diligence without reward. 

“ Among these unhappy mortals is the writer of dictionaries ; whom mankind have 
considered, not as the pupil, but the slave of science, thepionier of literature, doomed only 
to remove rubbish and clear obstructions from the path of Learning and Genius, who press 
forward to conquest and glory, without bestowing a smile on the humble drudge that 
facilitates their progress. Every other author may aspire to praise ; the lexicographer 
can only hope to escape reproach, and even this negative recompense has been yet granted 
to very few. 

“ . . . This recommendation of steadiness and uniformity does not proceed from an 
opinion, that particular combinations of letters have much influence on human happiness ; 
or that truth may not be successfully taught by modes of spelling fanciful and erroneous : 
1 am not yet so lost in lexicography, as to forget that ‘ words are the daughters of earth, and 
that things are sons of heaven.’ Language is only the instrument of science, and words are 
but the signs of ideas : I wish, however, that the instrument might be less apt to decay, 
and that signs might be permanent, like the things ivhich they denote. 

“ ... To deliberate whenever I doubled, to enquire whenever I was ignorant, would 
have protracted the undertaking without end, and, perhaps, without much improvement; 
for I did not find by my first experiments, that what I had not of my own was easily to be 
obtained : 1 saw that one enquiry only gave occasion to another, that hook referred to book, 
that to search was not ahvays to find, and to find teas not always to be informed ; 
and that thus to persue perfection, was, like the first inhabitants of Arcadia, to chace the 
sun, which, when they had reached the hill where he seemed to rest, was still beheld at the 
same distance from them. 

" ... I look with pleasure on my book, however defective, and deliver it to the world 
with the spirit of a man (hat has endeavoured well. That it will immediately become 
popular I have not promised to myself: a few wild blunders, and risible absurdities, from 
which no work of such multiplicity was ever free, may for a lime furnish folly with laughter, 
and harden ignorance in contempt ; but useful diligence will at last prevail, and there 
never can be wanting some who distinguish desert; ivho will consider that no dictionary 
of a living tongue ever can be perfect . . . even a whole life would not be sufficient ; that he, 
whose design includes whatever language can express, must ofen speak of what he does 
not understand ; that a writer will sometimes be hurried by eagerness to the end, and 
sometimes faint with weariness under a task, which Scaliger compares to the labours of the 
anvil and the mine ; that what is obvious is not always known, and what is known is not 
always present; that sudden fils of inadvertency will surprize vigilance, slight avocations 
will seduce attention, and casual eclipses of the mind mil darken learning ; and that the 
writer shall ofen in vain trace his memory at the moment of need, for that which yesterday 
he knew with intuitive readiness, and which will come uncalled into his thoughts 
to-morrow.” 

There can be no doubt that the great man had his tongue in his cheek when he 
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CHEMICAL CALCULATIONS. There 
are methods of saving time in calculating which 
although well known in somo circles are not, it 
seems, so widely used as they deserve. The 
object of this articlo is to give a selection of 
methods, mainly of technical interest, used for 
various purposes. 

Weighing by Swings . — A graph may be kept in 
the balance case on which is plotted the deflection 
caused by 1 mg. at different loads. On paper 
ruled in tenths of an inch with milligrams as 
ordinates and scale divisions as abscissa:, 
lines are ruled from 0 through the points indica- 
ting tho deflections caused by 1 mg. at loads of 
100, 60, 10, 1 g. Reference to tho appropriate 
line will enable the final mg. of the weight to be 
read off without calculation. 

Simplified Division of the typo 124-71 2/99-92G 
may bo carried out by adding 0-074 to the 
denominator and a proportionate number x 
to the numerator so that the fraction becomes 
(124-712+a:)/100. If z=0-07x 12/10=00S4, the 
quotient is 1-24796 ; if 1=0-074x125/100 = 
0 092, the quotient is 1-24804. Calculated with 
five-figure logarithms the original division yields 
1-2480, with 6even-figure logarithms 1-24804. 
Since the fifth and fourth decimal places have 
usually no significance in technical work, the 
approximation is satisfactory. 

Assay Ton . — This is an instance of a general 
method of avoiding calculations by the choice of 
a suitablo weight of sample for analysis ; for 
instance, in tho analysis of ores of gold and silver 
where the amount of precious metal is expressed 
in oz. troy per ton of 2,000 lb. avoirdupois. 
If tho weigh-out is 29-1666 g., tho number 
of milligrams of silver or gold found is also the 
number of oz. troy per ton, since this ton con- 
tains 29166-6 oz. troy. Similarly, grains of x per 
gallon of a water may be estimated by titrating 
70 ml. of tho sample with a standard solution 
of which 1 ml. = l mg. a-, since 1 Imperial gallon 
of water weighs 70,000 grains. In each of tho 
examples given 1 mg. is the same fraction of the 
amount token for analysis ns is the smaller of 
the two commercial units of the larger. 

Mixtures. — A method of calculating the 
quantities of two solutions, A (of higher con- 
centration, n) and B (of lower concentration, b) 
Von. III.— 1 


required to form a mixture of intermediate 
concentration e is shown by the diagram, which 

a -v (c—b) 
b -> (o— c) 

indicates that the mixture consists of (c— 6) 
parts of A and (a— c) parts of B. The symbols 
a and b may indicate normality or other measured 
property which is proportional to tho con- 
centration. Parts by volume may be used 
when there is no volume change on mixing. 
B may bo water or a pure solvent of concen- 
tration 0. 

H. Mager (Chcm.-Ztg. 1910, 34, 865) has 
published a collection ol mixture-formula:. 
The quantities of A and B required (symbols 
as in the preceding formula) for preparing a 
stated quantity M of a speoified intermediate 
concentration c arc given by the equations 
z=M (c— 6)/(o— &), where x=parts of A, and M — x 
=partsofB. When a given number N of parts of 
B have to be made up to a mixture of concentra- 
tion c, by adding x parts of A,z=N(c— b)/(a— c). 

In the case that the two solutions A and B 
contain different solutes and that M parts of a 
mixture are required containing the solutes in 
the new proportions a'jb', x=Ma'b/(a'b+b'a). 
The corresponding problem with three solutions 
A, B, and C, of concentrations a, b, and c 
respectively when tho specified quantity M of 
mixture is to contain the solutes in tho propor- 
tions a' : V : c' is solved by the equations 

Xx—Ma'bcKa'bc+b'ac+c'ab). 

TB=Mb'acl{a’bc+b'ac+c'ab). 

xo=N- (zA+*n). 

H. G. Ncvitt (Chem. Met. Eng. 1932, 39, 
673) gives two charts and one table of formulas 
for “ weighted per cent, calculations,” that is, 
the conversion of weight per cent, into mols. per 
cent., volumes per cent., etc. 

The general formula is P'=x— v; — — 

b . _ 1+R([100-P]/P) 

where P=original % of the lighter component, 
P'== weighted % of the lighter component. 
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Cochrane and Leeper (J.S.C.I. 1927, 46, 118T) 
in their study of the relative viscosities of nitro- 
cellulose solutions in mixtures of three solvents 
used triangular graphs to record the com- 
position of the mixtures, and as shown in Eig. 2 
drew lines on the graph joining points corre- 
sponding to mixtures possessing the same 
relative viscosity. The graph shows clearly the 
effect of alcohol and of benzene in mixtures 
containing ethyl acetate as the third constituent. 

W. Humo-Bothery (J. Inst. Metals, No. 2, 
1933, 62, 131 ; C. H. Dcsch, v. Bibliography) 


gives a graphical method of converting percent- 
ages by weight a, b, and c, of three elements, 
into atomic percentages, tho atomic weights 
being tr a , irj, and w c . 

Tho rolativo numbers of atoms are 

a/ie a :6/u’[,:c/iee . . . . (1) 

whonco 

a/ie fl x U'a'blv'bX W a :c/w c X w a . . (2) 

or aX l:6xtt’a/tC6=B:eXU> a /u> c =C . (3) 

Tho ntomio percentages of tho three elements 
aro obtained by dividing 100a, 100B, and 100C, 
in each case by 

a+B-f-C .... (4) 

In the graphical method, with 60° triangular 
ruled paper, tho percentago composition of tho 
alloy is represented by tho point P in tho 
equilateral trianglo ABC of height 100 units. 
Tho weight percentages of A, B, and C are given 
by PX«=-a units, PY—b units, and PZ=c units 
(c/. Fig. 1). In accordance with equation (3) 
tho points ;/ in PY and z in PZ arc then marked 
so that Py = P Y x ico/ir*. and Pr=PZxtr fl /ir c . 
Through y and z lines drawn parallel to AC and 
AB respectively form tho equilateral trianglo 
a$y. In this trianglo tho position of the point P 
corresponds to tho ntomio composition, since 


PX, Py, and Pz are in the ratio of equation (3); 
measurement of these lengths enables the 
calculation (4) to be carried out. These opera- 
tions may bo avoided by finding a new point p 
within the triangle ABC geometrically similar to 
P in the triangle a/3y. This point is found by 
drawing through B and C lines parallol to fiP 
and yP respectively which meet at p. Tho 
atomic composition is given by the position of 
the point p relative to the triangle ABC. 

Graphic Representation by Two Adjacent 

Scales. The familiar example is a thermometer 

graduated in Fahrenheit and Centi- 
grade scales. Double scales are 
easily constructed from an ordinary 
graph, e.g. from the curve connect- 
ing the vapour tension of water 
(absciss®) with the temperature 
(ordinates). The values of vapour 
tension for each degree Centigrade aro 
read off and marked on tho right 
hand side of the temperature axis, 
where they form an unevenly divided 
scale. Such a scale 22 cm. long for 
temperatures from 6° to 26°, and 
pressures from 7 mm. to 25-4 mm., 
graduated to 0-2°C. and 0-2 mm. is 
sufficiently accurate for ordinary pur- 
poses. 

Nomograms (t>. Bibliography). — In 
many cases an equation is solved by 
drawing three (or more) vertical axes 
graduated with appropriate numerical 
or logarithmic scales. In use a ruler 
is placed on tho diagram to join 
observed values on tho marginal 
C scales ; tho imaginary line intersects 
tho third axis at a point on its scale 
giving directly tho required per- 
centage, volume, etc. The accuracy 
obtained is about that of a slide 
rule for an axis of the same length but may 
bo increased ns required by drawing a portion of 
tho graph on a larger scale. 



FlO. 4. 

Bibliography) ; of these Figs. 4 and 5 have been 
selected. Fig. 4 is a chart for the conversion 
of a given weight of ono substance to the equi- 
valent weights of a number of others ; it solves 
the equation y=ax for different values of a. 
The ordinate scale on the left-hand margin 


A 



B j9 X 7 


Fio. 3. 

(Reproduced by permission of the Institute of Metals.) 
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with the viscosity 3 poises to bo prepared by 
mixing two liquids (cellulose lacquers) of 
viscosities 2 and 4 respectively, a straight 
edge is placed on the chart connecting the points 
2 and 4 on the marginal scales, the intersection 
on the line marked 3 gives the proportion 33-3% 
for the 2 poise lacquer. 

Nomograms in Chemical Analysis. — Zn/ZnO. 
St. Reiner (Z. anal. Chem. 1920, 69, 377) 
describes in detail the construction of a nomo- 
gram of three vertical axes; readings on the two 
exterior scales represent tho weight of sample 
and the weight of zinc oxide respectively, 
tlicso figures if joined by a black thread or a 
lino on a celluloid ruler show the percentage 
figure of zino on tho interior axis. Tho con- 
struction of radial charts of tho type of Fig. 7 
is also described by this author. 

S/BaS0 4 . — A similar nomogram reading S% 
on the interior axis was published by 0. Licscho 
(Chem. Fabr. 1928, 1, 101), this graph is drawn 
advisedly for narrow limits of tho weight of 
samplo, and of barium sulphate, enabling 0-1% 
to bo read between 36% and 44%. 

Tho paper contains an interesting comparison 
with a chart for tho samo purpose plotted on 
rectangular co-ordinates. 



Fig. 7. 

Sb a S 3 and Sb 2 S 5 from S and Sb found . — The 
diagram replaces calculations in tho rubber 
industry [ibid. 4G3). 

Saponification Values . — A chart in which this 
number can bo read directly is contained in 
“ Rcchenverfahrcn,” 1C5 (v. bibliography). 

Ucaction Velocity. — 0. Lieschc (ibid. 392, 
621, 683) has constructed nomograms in the 
order given, for tho relation between tho velocity 
of a chemical reaction and the temperature 
(chloracetic acid glycollic acid), tho velocity 
of a monomolccular and of a bimolecular 
reaction. 

Dry Weight % from Ifct ll'ciylit %.— Tho chart 
by the same author (ibid. 377) for this con- 
version avoids a constantly recurring calculation 
in agricultural analysis. 

deduction of Gas I olumcs . — Several authors 
have constructed nomograms for the reduction 
of observed volumes of gas to X.T.P. Hofsass 
(•I. f. Gasbelcuchtung, 1916, 58, 49) published a 
diagram which is unfavourably compared bv 
Wn. Ostwald (Angew. Chem.' 1919, 32, 359) 
with his own chart on which the parallel axes 
for pressure and the reduction factor are divided 
logarithmically. This arrangement is criticised 
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by Schwerdt and Loebe (Chem.-Ztg. 1920, 44, 
218), who divide the corresponding axes on their 
chart with a regular scale and as a useful addition 
give 2 double scales for reducing to 0°C. baro- 
meter readings on glass and brass scales respec- 
tively. Their temperature scale is curved on 
account of the correction for vapour tension (v. 
Barr, infra). Doming (l.c.) like Ostwald em- 
ploys logarithmic scales,, but his chart is too 
small for practical use. Liesche (l.c. 622) 
supplies a chart with particulars of the method of 
construction. F is the sloping axis of correction 
factors, its scale is projected from the 15° 
point of the t° axis on the left margin, through an 
evenly divided auxiliary scale. The pressure 
axis on tho right margin is graduated down- 
wards from 700 mm. to 800 mm. The t° axis 
is graduated upwards from 5° to 25°. The upper 
limit of tho F scale F a reads 0-8437, the loner 
limit F c 1-033G. F a has abscissa 2^=136-1 
mm., F e has abscissa 127-0 mm. Distance of .1 
point F of the F scale from F a in mm- 
^(1569F-1400)/(0-5566F+l) 

Key equation xpj(yr— yp)=200/(yj— y p ). 

F=0-3593p/(273-l+t). 

p Scale, rrp=200 mm. y p =(800-p)x2 mm. 
t Scale, *i=0 mm. yi—(t—5)xl0 mm. 

F scale, * f =200/(0-5556F+1). 

j/f=( 1600— 1548F)/(0-5566F+l). 

The length of axes in this chart is about 6-6 cm. 
A chart for higher temperatures, 200°-], 000°, 
and pressures 10-200 atmospheres has been 
constructed (Liesche, ibid. 595). 

It. C. Farmer published a “ gas calculator,” a 
nomogram for tho correction of volumes of wet 
and dry gas and also for the logarithm of the 
weight of 1 c.c. if the gas measured is nitrogen 
(Baird and Tatlock, London, out of print). 
Berl and collaborators (v. Bibliography) have 
drawn a nomogram for correcting the volumes 
of wet or dry gases. Tho reduction factor 
ranges from 0-790 to 1-000 on an axis 21-S cm. 
long. Licsche’s chart, published by Verlag 
Chemie (v. Bibliography), avoids the use of a 
separate axis for wet gases b}* correcting the 
volume of a wet gas, measured over water, 
by means of a vapour tension scale on one side 
of tho temperature axis, which ranging from 
5°-2G° is 21 cm. long. There is also a double 
scale on the factor axis, the right hand side 
being graduated in mg. nitrogen. Botli Berl’s 
and Liesche’s nomograms, except for their 
fragile nature, are well adapted for use in the 
laboratory. 

Tho method of constructing a gas reduction 
nomogram is discussed by G. Barr, who has 
kindly given his consent to the reproduction of 
the figure (Fig. 8) and description in his publica- 
tion (J.S.C.1. 1930, 49, 21T). The following text 
except for two small verbal alterations intro- 
duced by Dr. Barr (private communication, 
18/2/38) follows the paper cited. 

If parallel logarithmic scales are used for B 
and /, the temperature scale is a straight line, 
divided proportionately to log (1 + at), when the 
gas is dry; when the gas is wet three straight 
logarithmically divided scales cannot afford an 
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The temperature scale for dry gases is a straight 
line, but that for wet gases is curved. The 
curvature is, however, very slight, and. the five 
points indicated are ample to fix tho position and 
shape of the curve. The sub-division of tho t 
scalo into 1/5°C. is most readily performed by 
projection. 

Fig. 8 is, in reality, two nomograms, of which 
one scalo (B) has been made identical. If tho 
application of tho diagram is to be confined to 
dry or to wet gases only, it may bo convenient 
to add a uniformly divided horizontal scale, as 
described and figured in J.S.C.I., 1930, 49, 22T, 
by means of which tho multiplication of the 
factor may bo effected. 

Bibliography. — R. K. Hezlot, “ Nomography,” 
Woolwich, 1913 j H. 0. Doming, “ A Manual 
of Chemical Nomography,” Nomon Sales 
Agency, Urbana, Illinois, U.S.A., 1918 ; 
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“ Taschenbuch fur dio anorganisch-chemische 
Grossindustric, 2ter Teil, Nomogrammc,” Julius 
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Berlin, 1935. 
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CHEMICAL WARFARE. 

Introduction. — Chemical warfaro, also called 
gas warfare, mny bo defined ns the use in war, 
for tho purpose of injuring an adversary, of any 
substance within the realm of chemistry — 
whether gnseous, liquid, or solid — which is 
in any way hnrmful to tho human or animal 
orgnnism. Chemical warfare is prohibited by 
the Genova Protocol of 1925, and tho prohibition 
includes any lnchrymntory, irritant, vesicant, 
asphyxiant, or poisonous substance, but ex- 
cludes the normal use of recognised explosives 
and of products employed ns screening smokes, 
which lntter, under normal conditions of use, 
arc not injurious to human beings. 

Chemical warfare substances, which are often 
called poison gases or simply gas, generally 
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produce their effect on the human body either 
when breathed in the form of vapour or finely 
divided particles, or by contact with the eyes 
or skin, whether in the form of vapour or liquid. 

Physiological Classification . — Chemical war- 
fare substances may be classified according to the 
chief effect which they exercise on the human 
body. They fall into the following threo main 
groups, which depend solely on the part of the 
body mainly affected : 

(1) Lung irritants, which attack tho lungs and 
breathing passages. The severity of tho effects 
depends upon the substance used. Some gases, 
such as chlorine and phosgene, will produce 
death if breathed in sufficiently high con- 
centration, and are said to be lethal. On the 
other hand, substances such as the arsenicals, 
which are used in the form of clouds of finely 
divided particles (sometimes called toxio 
smokes) produce intense irritation of the breath- 
ing passages, but the effects, while painful, are 
usually only temporary, and pass off completely 
in an hour or two after leaving the contaminated 
atmosphere. This main group is sometimes 
divided into two classes, namely lethal gases, to 
include those which may cause death, such as 
chlorine and phosgene, and sensory irritants, to 
cover those which affect tho breathing passages 
but are generally not lethal, like the arsenicals. 

(2) Eye irritants (lachrymators, or tear 
gases). Even in very Bmall amounts these have 
an immediate and painful effect, causing so pro- 
fuse a flow of tears that it is generally very 
difficult, if not impossible, to see. The effects 
soon wear off and no damage is done to tho eyes. 

(3) Skin irritants (blistering gaBes, or vesi- 
cants). These substances, of which mustard 
gas is a typical example, attack the skin, and 
in tho worst cases cbubo deep and extensive 
blisters. No pain is felt on contact with the 
liquid or tho vapour, and the effects do not 
show themselves until after a few hours. 
Mustard gas also attacks the eyes and lungs, 
and hero ngain there are no immediate symp- 
toms. This constitutes one of tho greatest 
dangers in dealing with mustard gas. There 
have been recent references to a new type of gas 
called a “ prickling ” gas. Such a substance, 
tho main action of which is on tho skin, would 
fall into tho skin irritant class. 

The above classification is of a very general 
nature, since most gases act on more than one 
part of tho body. In fact, most war gases affect 
the eyes, whatever action they may have upon 
other parts of the body. The effects produced 
by any war gas depend on the concentration of 
the gas and tho length of timo a person is exposed 
to it. By concentration is meant the amount of 
gas in the atmosphere ; this is usually expressed 
ns 1 vol. or part of the gas, assumed to be in 
the form of vapour, in a stated number of 
volumes or parts of air, or as so ninny milligrams 
of tho gas in a litre of air. Tho higher tho 
concentration, the shorter is tho exposure re- 
quired to produce death or injury. In the caso 
of gases which injure the lungs, a man must, 
however, breathe a certain minimum quantity 
of the poison before it will do him any real 
harm, the amount of harm depending not only 
on the nature of the gas, but also on the 
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Lethal and Incapacitating Concentrations tor an Unprotected Man. 



Effective concentration (i.e. con- 
centration which will incapaci- 
tate) for unprotected men for 
exposures of : 

Lethal concentration for 
unprotected men for 
exposure of : 

Concentration 
which can be 
breathed in 

definitely with- 
out damage. 


2 minutes. 

10 minutes. 

2 minutes. 

10 minutes. 

Diphenyl chloroarsine 
Diphcnylamine chloro- 
arsine .... 

1:7-5 million 

1 : 75 million 

1:8,000 

1:40,000 

1:1,000 million 

1:7-5 „ 

1:75 „ 

1:8,000 

1:40,000 

1:1,000 

Diphenyl cyanoarsino 

1:17 

1:170 „ 

1:16,000 

1:80,000 

1:2,500 

Ethyl iodoacctato. 

1:5 

1:10 „ 

(1) 

(1) 

1:100 

Chlorino .... 

1:10,000 

1:40,000 

1:2,000 

1 : 10,000 

1:175,000 

Phosgcno .... 

1:70,000 

(2) 

1:10,000 

1:50,000 

1:1 million 

Chloropicrin . 

1:100,000 

1:200,000 

1:4,000 

1:20,000 

1:1 

Chloroacctophenone . 

1:5 million 

1:100 million 

(1) 

(1) 

1:250 

Bromobenzyl cyanido 

1:10 „ 

1:25 „ 

(1) 

(1) 

1:250 „ 


(1) In practice a lethal concentration can hardly be obtained in the field with the lachrymators 
ethyl iodoacetate, chloroacctophenone, and bromobenzyl cyanide. 

(2) A concentration of phosgene which is just insufficient to cause immediate coughing or 
lachrymation can usually be tolerated, since the initial irritation tends to subside. Such an atmo- 
sphere is extremely dangerous, as continued inhalation may end fatally. 


aspects of chemical warfare agents is outside 
tbo scopo of the present article, but the biblio- 
graphy (p. 17) contains a list of the more 
important publications on the subject. For 
most purposes tho “ Manual of Treatment 
of Gas Casualties,” issued by tho War Office 
and obtainable from H.M. Stationery Office, 
will bo found adoquato. 

Methods of Use . — Chemical warfare, in the 
now accepted senso, started with the liberation 
of chlorine from cylinders by tho Germans in 
1915. Subsequently other noxious substances 
wero used in shell, trench-mortar bombs, and 
grenades, and as experience developed, the 
shell — by which is meant tho artillery shell — 
becamo tho chief weapon for the uso of chemical 
warfare agents. Tho use of gas in artillery 
shell was practically confined to shell of calibre 
of C in. and undor, tho most effective calibres 
being between 4 in. and 6 in. Tho artillery shell 
suffers from tho defect that tho ratio of weight 
of gas contained in it to the total weight of the 
shell is low unless thin walled shells made of 
steel of high tensilo strength are used. Tho 
quantities of gas contained in typical war shells 
were approximately ns follows in tho case of 
phosgene and mustard gas : 


Calibre. 

"Weight of gas. 

% Ratio of 
weight of gas 
to total weight 
of shell. 


lb. 


3 in. (75 mm. and 



18 pdr.) . . 

1-3 

C 

4-5 in. (105 mm.) 

4-25 

10 

C in. (150 mm.) . 

11-0 

11 


In the normal gas shell, an air spaco of about 
10% was allowed, to permit of tho expansion 
of tlic contents with heat. Thero was a small 


bursting charge in the head of the shell just 
sufficient to break it open and distribute the 
contents effectively. A percussion fuse was 
employed. Towards the end of the war the 
Germans introduced tho uso of a mustard gas 
shell with a big explosive charge to produce 
very fine atomisation of the contents, thus dis- 
sipating the gas in a highly toxic cloud but 
reducing the amount of liquid scattered on tho 
ground and thus decreasing tho persistence. 
For Bob'd arsenicals like diphenylchloroarsino and 
diphenylcyanoarsino tho Germans employed a 
shell in which the toxic material contained in a 
bottle was embedded in high explosive. This 
shell (called blue cross) was practically a double 
purpose shell, as it had considerable explosive 
value as well as liberating a toxic cloud, or 
smoke, of finely divided particles of the arsenical. 

Trench mortar bomba of 3 in. and 4 in. calibre 
were also used with effect, but they suffered 
from the disadvantage of short range. For the 
gas bombardment of an important area the 
most effective weapon was the Livens projector, 
a crude mortar with no great accuracy and 
limited range, but which had tho advantage that 
largo numbers, running into thousands, could 
be fired simultaneously. The bomb or drum 
contained a largo amount of gas (about 30 lb.) 
and tho ratio of gas content to total weight was 
high (about 40%). Tho gas generally used was 
phosgene. A very heavy concentration could 
bo put down at onco over an area and tho 
concentration was so high that troops taken by 
surprise were killed or disabled before they could 
put on thoir gas masks. 

At the end of the war a new development 
was being initiated for tho liberation of poisonous 
or irritant smokes by tho volatilisation by means 
of heat of solid arsenicals in stationary appli- 
ances generally known as generators. An im- 
portant object in using such smokes was to 
penetrate tho gas mask and cause the wearer to 
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remove it and so expose himself to the action of 
lethal gases used at the same time. The degree 
of penetration obtainable depends on the size 
of the particles in the smoke ; the smaller the 
particle the greater is the penetration, but since 
the actual quantity of material passing through 
the mask is what matters from the point of view 
of the subsequent physiological effect on the 
wearer, the result is that for each type of mask 
there is a particular size or range of sizes giving 
the best practical results. This represents 
the condition which gives the maximum 
amount of toxic material actually reaching the 
wearer. 

The use of gas in aircraft bomba was subse- 
quent to the Great War a fully authenticated 
case being the employment of mustard gas m 
air bombs by the Italians in the Abyssinian 
campaign in 1935-36. Air bombs can have 
quite thin walls and the percentage ratio of 
weight of gas to total weight may be 50 and 
over, thus showing a very high efficiency as 
compared with the shell. The post war period 
has also seen developments for the use of liquids 
by spraying from aircraft {also employed with 
mustard gss in the Abyssinian campaign) 
or in other ways involving discharge under 
pressure or into heated pipes, such as engine 
exhausts. 

Mam Characteristics — The table (pp 12-15) 
gives the main characteristics of all the chemical 
warfare agents which have been used. The 
term *' trench-mortar bomba " refers to atl 
short-rango weapons, of which the Livens pro- 
jector was a particularly effective type The 
term “ grenade ” refers to bombs for throwing 
by hand. The symbols used in the tablo have 
the following significance • 

Each. = Lachrymatory 
Leth. •= Lethal 
\j\. Long irritant 
V. = Vesicant 
N.I. «= Not important 
T.M. = Trench mortar 

While many substances were used by them- 
selves for offensive purposes, others such as 
prussic acid were employed only in admixture 
with other materials in order to obtain their 
maximum efficiency. Other mixtures were used 
n hen it was desired to produce more than one 
effect at the same time ; for example, a mixture 
of tnchloromethyl chloroformate, phosgene, and 
dipbenylchloroarsme was used by the Germans 
to get a moderately persistent lethal effect ie 
conjunction with the highly irritant but non- 
lethal action of the arsenical ; a further intention 
was to bring about the penetration of the gas 
masks of the period, which were comparatively 
poor in their protection against an arsenical 
toxic smoke, thus causing the wearer to remove 
the mask because of the irritant action on his 
breathing passages and so expose himself to the 
toxic action of the other two constituents. 
Such double purpose mixtures are now generally 
regarded as of doubtful utility. The main 
mixtures are set out below. Where the com- 
positions were approximately constant the 
percentage of each constituent by weight ii 
indicated in brackets. 


Bromoaeetone {80%) and cbloroacetone (20%). 

Chlorine (50%) and phosgene (50%). 

Chlonne (70%) and chloropicrin (30%). 

Cbloropicnn (65%) and hydrogen sulphide 
(35%). 

Chloropicrin (80%) and stannic chloride 

(20%). 

Chloropicrin (75%) and phosgene (25%). 

Cyanogen bromide with bronioaeetone or 
bromomethyl ethyl ketone. 

PP Lhchlorodiethyl sulphide (80%) and either 
chlorobenzene or carbon tetrachloride (20%). 

Dimethylsulphate (75%) and methyl chloro- 
sulphonate (25%). 

Diphenylcyanoarsme (50%) and ethylcar- 
bazole (50%). 

Ethyldichloroarsine (80%) and dichloromethyl 
ether (20%). 

Ethyldichloroarsine, ethyldibroifloarsine, and 
dichloromethyl ether, sometimes with 
metbyldlhromoarsme . 

Ethyl lodoacetate (75%) and alcohol (25%). 

Hydrocyanic acid (55%), chloroform (25%), 
and arsenic trichloride (20%). 

Hydrocyanic acid (50%), arsenic trichloride 
(30%). Btanmc chloride (15%), and chloro- 
form (5%) 

Phosgene (50%) and arsenic trichloride (50%). 

Phosgene (60%) and stannic chloride (40%). 

Tnchloromethyl chloroformate (65%) and 
chloropicnn (35%). 

Tnchloromethyl chloroformate, phosgene, and 
dipbenylchloroarsme. 

Xvlyl bromide and bromoketone or benzyl 
bromide. 

In the table on p. 16 are shown a few im- 
portant chemical warfarq agents which have not 
been used in actual warfare. 

Outline of Methods of Manufacture. 

1. Acrolein : by distillation of glycerol 
(CH,(OH)CH(OH)CH,-OH) with potassium 
hydrogen sulphate (KHS0 4 ) or magnesium sul- 
phate (MgS0 4 ) 

2. Allyl fjothiocyanato : from natural sources, 
and by distillation of allyl bromide 

(CHj’CH CH,Br) 

or iodide, with alcoholic potassium thiocyanate 
(KCNS) or silver thiocyanate (AgCNS). 

3. Arsenic tnehlonde : by the action of 
hydrogen chloride on arsenious oxide (As,0,). 

4 Benzyl bromide • by the brommation of 
toluene <C,H.-CH,). 

5 Benzyl cnionde : by the chlorination of 
toluene (C.H^CHj). 

6 Benzyl iodide : by interaction of benzjl 
chloride ( q v.) in alcoholic solution, with sodium 
or potassium iodide (Nal or Kl). 

7. Bromine : from metallic bromides by the 
action of chlorine, or of sulphuric *vid and an 
oxidising agent. 

8. Bromoaeetone : by the bromination of 
acetone (CH s -CO CH a ) by gaseous or liquid 
bromine. 

9. Bromobenzylcyanide r by the conversion 
of benzyl chloride (j r.) to benzyl cyanide 
(C,H,-CHj-CN) by treatment with sodium 
cyanide (NaCN) with subsequent bromination. 
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10. Bromomethyl ethyl ketone : aa for bromo- 
acetone, using methyl ethyl ketone 

(CH 3 -CO-C 2 H 5 ) 
instead of acetone. 

11. Carbon tetrachloride : by direct chlorina- 
tion of carbon disulphide (CS 2 ) in the presence 
of a catalyst. 

12. Chlorine : by the electrolysis of brine 
(sodium chloride (NaCI) solution). 

13. Chloroacctone : by the chlorination of 
acetone (CH 3 -CO-CH 3 ). 

14. Chloroacetophenone : - by the chlorina- 
tion of acetic acid (CH 3 - COOH) and its subse- 
quent conversion to chloroacetylchloride 
(CHjCI COCI) by treatment with thionyl 
chloride (SOCI 2 ). The chloroacetylchloride is 
then condensed with benzene (C 6 H 0 ) by the 
Friedel and Craft reaction in the presence of 
aluminium chloride to give the desired product. 

15. Chlorobenzene : by the chlorination of 
benzene (C 6 H 6 ). 

16. Chloroform: from acetone (CH 3 -CO-CH 3 ) 
by the action of bleaching powder. 

17. Chloropicrin : by the action of bleaching 
powder or chlorine on picric acid 

(C 6 H 2 (N0 2 ) 3 0H). 

18. Chlorosulphonio acid : by the saturation 
of oleum (SO a ) with hydrogen chloride and 
subsequent distillation. 

19. Chlorovinyldiehloroarsine : by the inter- 
action of acetylene (C 2 H 2 ) and arsenic tri- 
chloride ( q.v .) in the presence of aluminium 
chloride (AI 2 CI 0 ) with subsequent fractional 
distillation under reduced pressure and treat- 
ment to convert the higher homologues, namely 
dichlorodivinylchloroarsine and trichlorotri- 
vinylarsine into the product desired. 

20. Cyanogen bromide : from the interaction 
of potassium cyanide (KCN) in aqueous solu- 
tion and bromine at low temperature. 

21. Cyanogen chloride : by chlorination of 
hydrocyanic acid (HCN) in aqueous solution. 

22. Dichlorodiethylsulphido : three methods: 

(a) By the conversion of ethylene (C 2 H 4 ) 
obtained by dehydrating alcohol vapour 
(CjHj-OH) over a phosphoric acid or 
other suitablo catalyst into chloro- 
, hydrin (CH,(OH)CH 2 CI) by hypo- 
chlorous acid ; tho chlorohydrin is 
treated with sodium sulphide (Na 2 S) 
to give tliiodiglycol [(C 
which, on treatment with 
acid or thionyl chloride (SOCI 2 ) yields 
dichlorodiethyl sulphide. 

(i) By tho interaction of ethyleno and sulphur 
dichlorido (SCI 2 ) with or without a 
solvent. 

(c) By the interaction of ethyleno and sulphur 
monoclilorido (S.CI,) with or without 
separation of tho liberated sulphur. 

23. Dichloromcthyl cldoroformato : by tho 
regulated chlorination of methyl formate 

(H-COOCHj). 

24. Dichloromcthyl ether : by the action of 
phosphorus trichloride (PC1 3 ) on trioxymethy- 
Icne ({CHjO)j] in the presence of zinc chloride 
(ZnClj). 


2 H,'OH) 2 SJ 

hydrochloric 


26. Dimethyl sulphate : by the interaction 
of methyl alcohol (CH 3 -OH) and chloro- 
sulphonic acid (q.v.). 

26. Diphenylamine arsenious chloride : by 
the interaction of diphenylamine [(C 6 H 4 ) 2 NH) 
and arsenic trichloride (q.v.). 

27. Diphenylchloroarsine : three methods : 

(а) By the production of triphenylarsine 

[(C 6 H 5 ) 3 Asj by the interaction of 
chlorobenzene (C e H 5 C!) and arsenic 
trichloride (q.v.) in the presence of 
sodium and its subsequent treatment 
with arsenic trichloride. 

(б) By the diazotisation of aniline (C 6 H 5 -N H 2 ) 

and subsequent treatment with sodium 
arsenite (Na 2 HAs0 3 ) to give phenyl- 
arsonic acid (C 6 H e -As 0 3 H 2 ). The acid 
is reduced by sulphur dioxide (S0 2 ) to 
phenylarsinic acid (C 0 H 5 -AsO 2 H) 2 , 
which on treatment with a further 
amount of diazotised aniline gives 
diphenylarsonio acid [C 0 H 5 ‘AsO 2 H]. 
This acid on reduction to diphenyl 
arsenoxide [(Ph 2 As) 2 0] and treatment 
with hydrochloric acid yields tho 
product desired [(C c H E ) 2 AsCI]. 

(c) By the reduction of phenylarsonic acid 
obtained as in (6) partly to phenyl- 
arsenious oxide (C„H s -AsO) and partly 
to phenyldichloroarsine (C 0 H s AsC 1 2 ), 
so that tho resulting mixture when 
heated in an autoclave will be converted 
into the product desired. 

28. Diphenylcyanoarsine : by the treatment 
of diphenylchloroarsine (q.v.) with sodium 
cyanide (NaCN) or anhydrous hydrocyanic 
acid (HCN). 

29. Ethylcarbazole : by the interaction of 
carbazole (C,,H 9 N) and ethyl sulphate 
f(C 2 H 5 ) 2 S0 4 ]. 

30. Ethyldibromoarsine : by the interaction 
of magnesium ethyl iodide (MgC 2 H 6 l) with 
potassium arsenite (K 2 HAs0 3 ) to give mag- 
nesium ethyl arsenite [Mg(C 2 H 6 )As0 3 ] which 
is then reduced by Bulphur dioxide in hydro- 
bromic acid solution. 

31. Ethyldichloroarsine : as for methyldi- 
chloroarsine, using ethyl sulphate in place of 
methyl sulphate or by treatment of ethyl 
chloride (C 2 H S C1) with sodium arsenite 
(Na 2 HAs0 3 f and tho reduction of the ethyl 
arsonicacid(C 2 H s 'As0 3 H 2 ) by sulphur dioxide 
to ethyl arsenious oxide (C 2 H.-AsO), which 
gives on treatment with hydrochloric acid tho 
desired product. 

32. Ethyliodoacetate : by the chlorination of 
acetic acid (CH 3 -COOH) and subsequent 
esterification to give ethyl chloroacctate 
(CHjCI-COOCjHj), which is then treated with 
sodium iodide ( N a I ). 

33. Hydrocyanic acid : by the action of acid 
on metallic cyanides. 

34. Hydrogen sulphide : by the action of acid 
on metallic sulphides. 

35. Iodoacetone : by the action of potassium 
iodide (Kl) on chloroacetone {q.v.). 

36. Methyl chloroformate : bv tho regulated 
chlorination of methyl formate (HCOOCH 3 ). 



iv WiMAm avo their Characteristics 
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CHEMICAL 

37. MclhjI chlorosulphonatc : by the inter- 
action of methyl alcohol (CH 3 -OH) and sul- 
pliurjl chloride (S0 2 CI 2 ). 

38. " Mclhyldibromoarsinc : by the action of 
hjdrobromie acid (HBr) on methylarscnious 
oxide (see Methj ldichloroarsine). 

39. Methvldichloroarsine : by the action of 
methyl 6ulphatef(CH 3 ) 2 S0 4 ] on sodium arsenito 
(Na„*HAs0 3 ) giving disodium mcthylarsenite 
[Naj(CH 3 )As0 3 ] which on reduction by sulphur 
dioxide (SO,) to methyl arsenious oxide 
(CH 3 As O) and subsequent treatment -with 
hjdrogen chloride gixes the desired product. 

40. Monochloromethyl chloroformatc : by the 
interaction of methyl alcohol (CH 3 OH) and 
formic acid (HCOOH), and tho regulated 
chlorination of tho resultant methyl formate 
(H'COOCHj). 

41. Rhenylcarbylamineclilonde : by tho di- 
lcct action of clilorino on phenyl carbylamine 
(C 6 H,-NC), or on phenyl isothiocyanatc 
(CflHj-NCS). 

42. Phenyldichloroarsinc : see diphenylchloro- 
arsine. 

43. Phosgeno : by the combination of chlorine 
nnd carbon monoxide (CO) in the presence of a 
catalyst, usually charcoal ; cither diluted carbon 
monoxide, such ns in producer gas, or con- 
centrated carbon monoxide may be used. 

4 1. Stannic chloride : by the action of chlorine 
on tin. 

45. Sulphur trioxide : by the catalytic oxida- 
tion of sulphur dioxide (S0 2 ) derived from 
burning sulphur or pyrites. 

4G. Thiophosgene : by the regulated chlorina- 
tion of carbon disulpludo (CS 2 ). 

47. Trichloromethyl chloroformato : by com- 
plete chlorination of methyl formate 

(H-COOCH 3 ) 

or of chloromcthyl chloroformatc (g v ). 

48. Xylyl bromide : by the bromination of 
boding .xylene fC„H 4 (CH 3 ) 2 l. 

Literature Itcfcrenccs. — The literature on 
chemical warfare is now so large (running into 
well o\cr 1,000 different publications) that it is 
only possible to gn e a limited number of refer- 
ences to the moro important textbooks. Those 
arc appended under the follow ing four headings : 

A. Textbooks (co\cring historical, defenshe, 
nnd ofTensixo aspects). 

15. Defensnc. 

C. Medical. 

11. Offensive. 

PinuociRAriiY of the More Important 
Litirature on Chemical Warfare. 

A. Tcxlbool s (covering historical, defensive, nnd 
offensixo aspects). — A. A. Fries nnd C. J. West, 
“Chemical Wnrfnre,” McGraw-Hill Book Co. 
(N.Y.), 1921 ; G II. Poulkes, “Gas : Tho Story 
of the Special Brigade,’’ Blackwood (London), 
1934 , It. Hanslian, “Dcr Chemische Kncg,” 
E. S. Mittler, Berlin, 1927 ; J. Mcjcr, “Der 
Giokaiupf und die Cheraisclien Kampfstoffe,” 
S. Hpcl, Leipzig, 192G ; A. Izzo, “Guerra 
Chimica e Difesa Anti-gas,” U. Hocpli, Mdan, 
1930 ; J. Fishmnnn, "Chemical Warfare” (in 

Vol. HI.— 2 


WARFARE. 17 

Russian), Moscow, 1929 ; W. Untermark, 
"Chemische Kampfstoffe und die Industrie- 
giftstoffe,” O. Meissner, Hamburg, 1933 ; S. de 
Stockelburg, “ Alcrtc anx gas,” Lib. Pnzot & Cie., 
Lausanne, 1935 (lengthy appraisal of this 
by E. Baum m Z. ges. Sclness- u. Sprengstofiw. 

1936, 31, 171, 204-208) ; Augustin M. Prentiss 
(and George B Fisher), “Chemicals in Warfare” 
(with chapters on The Protection of the Civil 
Populations nnd International Situation), 
McGraw-Hill Publishing Co., Ltd., London, 

1937. 

B. Defenshe. — War Office, “Defence against 
Gas,” H.M.S.O., 1935 ; D. P. Bloch, “La Guerre 
Chimique,” Libr. Berger-Levrault (Nancy), 1927; 
French Ministry of Interior, “Practical Instruc- 
tions on Passive Defence against Air Attack,” 
Ch. Lavauzelle, Paris, 1932 ; L. Leroux, “La 
Guerre Chimique,” Edtns. Spes., Paris, 1933 ; 
Izard, Cilleuls.and Kermarrec, “La Guerre Aero- 
Chimique et les Populations Civiles,” Ch. Lavau- 
zelle, Paris, 1933 ; Fessler, Gebele, and Prandtl, 
" Gaskampfstoffo und Gasvergiftungen. Wie 
sohutzen wir uns 1 ” O. Gruelin, 1933 ; H. Rumpf, 
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CHEMICAL WARFARE DEFENCE. 
Gas Defence. 

Historical and General . — The basis of defence 
against gas is the respirator, or gas mask When 
the emploj ment of gas in warfare was initiated 
by the use of chlorine in 1915, protection for 
British troops was obtained by the use of pads 
of flannel, cotton wool, or cotton waste placed 
over the mouth and nose and soaked m a solution 
of sodium thiosulphate (hypo) or of this com 
pound with sodium carbonate. Subsequently 
the gas mask took tho form of a helmet soaked 
in a solution of hypo, sodium carbonate, and 
glycerin, covering the whole of the head and 
fitted with mica windows. With the threatened 
use of phosgene, an impregnating solution of 
sodium phenate was used for the gas helmet 
(P. helmet), and was subsequently improved 
bj the addition of hexamethylenetetramine 
(hex amine) (P 11 helmet), which also gave pro- 
tection against hydrocyanic (prussic) acid The 
use of tear gas introduced the need for wearing 
goggles in addition to the helmet, but the com- 
bination was not aery satisfactory. As gas 
warfare dev eloped, the employment of chemical 
neutralising agents for protection against the 
variety of gases used and the increasing con 
centrations became impracticable with a 
respirator of the helmet type, and a gas mask, 
called tho box respirator, was produced by the 
British to deal with all types of gases. This 
consisted of an air-tight mask or covering for the 
face fitted with eye pieces of mica, celluloid, or 
apUnterless glass ; to this mask was attached 
by a connecting tube the box or container in 
which were placed the materials for the purifi- 
cation of the air breathed by the wearer. This 
type of construction with a face-piece con 
nected directly or by a tube to a container con- 
stitutes the basic principle on which practically 
all gas masks for war purposes have since been 
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designed. The main exception was the French 
M 2 mask, which covered the whole face (eje- 
pieces being provided) and consisted of a number 
of layers of muslin impregnated with various 
absorbent chemicals. One mixture contained 
h exa min e, nickel sulphate, sodium carbonate, 
glycenn, and water, and another castor od, 
alcohol, sodum hydroxide, glycerin, and water. 
Such masks are very inferior to the face-piece 
and container type. 

Modem gas masks are practically all based on 
the principle of a face-piece connected to a 
container of neutralising, absorbing, or filtering 
materials. The differences in the various designs 
are essentially dfferences in details introduced 
with a view to securing greater service efficiency 
in one direction or another. 

Respirator Fact-pieces. — Face-pieces may be 
of many Kinds. There are full masks covering 
the eyes, nose and mouth, and half masks which 
do not cover the eyes. The latter are useless 
where gases which irritate or injure the eyes 
are present ; therefore the full mask is always 
preferable, because, furthermore, it is bkely to 
be more gas tight and comfortable. There are 
also hoods covering the whole head. The main 
parts of a face piece are : 

(1) The body, generally of rubber, with or 
without a covering of stockinette or other 
elastic textilo material on tho outside. It 
can also be made of leather, of rubberised 
fabric in single or multiple layers, of canvas 
with or without edgings of rubber, leather, etc., 
to give a gastight joint, or of asbestos. There 
are also designs in transparent celluloid or 
cellophane, so that the wearer’s face can be 
seen. 

(2) Eye pieces, generally round, but sometimes 
oval and fitted with discs of celluloid or of 
sphnterless, laminated, or plain glass, to tho 
inside of which may be attached gelatine discs 
to absorb mowture and to prevent fogging due 
to the moisture in the expired air. The fogging 
may be obviated by using what is called the 
Tissot principle, by which the inhaled air 
passes over the ej e-pieces and prevents con- 
densation of moisture. Alternatively or in 
addition, anti dimming paste may bo applied to 
the glass. A typical anti-dunming paste can be 
made from Turkey red oil and water glass For 
military use, it is important that there should 
be an adequate field of vision and that it should 
be possible to use optical instruments such as 
binoculars and range finders. 

(3) Head harness for adjustment to the head, 
usually consisting of elastic or spiral metal 
springs covered with fabric. The bands are 
generally adjustable to suit the wearer’s face. 
A well fitting and gas tight mask should not 
feel uncomfortable on the face if the design is 
good. 

(4) A rahe holder, for an outlet valve or 
alternatively an attachment in metal for the 
container or the connecting tube. The outlet 
valve, where there is one, is generally of rubber. 
Designs in metal are known, but these are 
generally for inlet valves, « hich may be in the 
face-piece, connecting tube, or container. The 
outlet valve is one of the vital parts of a 
respirator as a leakage might be fatal to the 
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wearer. Great ingenuity has been displayed 
in designing types which arc leak-proof under 
all conditions, and at the same tine give good 
speech transmission. In respirators with directly 
attached containers there is often no outlet or 
inlet valve, and the wearer breathes in and out 
through the fdtering box. Certain advantages 
are claimed for this in the way of increased pro- 
tection, but it is generally more oppressive to 
wear. 

Face -pieces are generally mado in three sizes to 
fit all kinds of face, but a well-designed mask of 
normal size should, by proper adjustment, give 
complete protection to well over 90% of adult 
male faces. Types of face-pieces with nose clip 
and mouthpiece, which were largely used in the 
war but were very uncomfortable, aro now 
practically obsolete. 

Tho design of a respirator face-piece has to 
bo a compromise between a number of con- 
flicting requirements. It must be gas-tight 
and comfortable to wear. It must not unduly 
interfere with vision or with speech, whether 
direct or through telephones or voice pipes, and 
it must not impede the wearer in the course 
of his duties. With the best designs of gas 
mask tho loss of service efficiency is less than 
20 %. 

Respirator Containers . — The main chemical 
interest is in tho container, sometimes called 
the box, drum, or canister, which holds the 
filtering materials. Containers are generally 
rectangular or round, and in tho normal design, 
tho air enters at tho bottom and passes through 
tho fdtering nnd absorbing material, which is 
generally arranged in horizontal layers. In a 
few designs, tho air enters at tho sides, passing 
through tho fdtering materials to a central 
tube connecting with tho face-piece. It is not 
necessary to give details of the internal mechani- 
cal structure of a container which can be seen 
from diagrams, except to say that it is no 
easy matter to arrange the fdtering materials 
so that they will bo effective and remain so 
under the various conditions of rough handling 
they may receive in use. 

Tho basic constituent in most respirator con- 
tainers is active carbon or charcoal, tho efficiency 
of which ns an all-round adsorbent for gases 
nnd vapours has steadily improved since its first 
utilisation for gas defence in 1915. The charcoal 
is used in tho form of granules containing 
generally from 15 to 25% of moisture. This 
moisture enhances tho vnluo of tho charcoal for 
tho catalytic decomposition of gases such ns 
phosgene, but reduces its adsorptivo capacity 
for organic vapours. So great is tho all-round 
efficiency of nctivo carbon that some military 
respirators rely on it entirely for gas protection. 
It is not, however, active against carhon 
monoxide, which for physical nnd physiological 
reasons is not likely to' be used as n chemical 
warfare agent, nor is it very effective against 
oxi disable gases such as arsine (nrseniuretted 
hydrogen) or prussic ncid. A special mixture 
of copper and manganese oxides known ns 
hopcalitc can, however, be used for the 
catalytic oxidation of carhon monoxide, if 
required, but this necessitates tho provision of 
an extra layer of drying material such as cal- 
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cium chloride in front of the hopcnlite which 
soon loses its activity in moist air. The protec- 
tion against arsine and prussic acid can bo 
improved by the UBe of granules generally of an 
alkaline nature and consisting, for example, of 
soda lime in combination with permanganate. 
Such granules were used in the British respirator, 
and not only gave good protection against these 
two gases, but also against acid gases generally. 
The value of active carbon as a generally pro- 
tective agent against poisonous gases can always 
be enhanced by other types of chemical granules 
designed to improve the neutralising properties 
of the container against any particular chemical 
warfare agent employed. The effectiveness of 
charcoal as a protection against phosgene can bo 
greatly increased by impregnating it with 
hexaminc. Such chemical granules are to bo 
found in the containers of respirators designed 
to deal with special toxic gns hazards in industry 
(see below). The granule is in effect an active 
chemical neutralising agent for the particular 
gns which has to be encountered. Granules 
may be of two distinct types. The actual 
chemical or mixture of chemicals may be com- 
pressed and then broken up into suitably sized 
pieces, or fragments of a porous material, such 
ns pumice, kieselguhr, or brick, may be soaked 
in the chemical and dried. 

Neither active carbon nor chemical granules 
afford protection against fine particles such as 
are present in screening and toxic smokes, and 
all service respirators incorporate a filtering 
material of some sort for dealing with such 
smokes. These filters vary considerably in 
composition and efficiency. The principal sub- 
stances used for making filters are cotton wool, 
merino wool, animal hair, wood and other 
paper pulps, cellulose sheets or wadding, 
feathers, nnd felt. Their filtering efficiency 
may be increased by depositing upon them fine 
smoke particles such as the smoke from burning 
camphor, naphthalene, or resins or by mixing 
them with fibrous materials such as asbestos or 
with finely powdered lampblack, or cuprene 
(a solid condensation compound of acetylene) 
or by depositing nodules of certain gums and 
resins on them from solution. The difficulty of 
obtaining a compact efficient filter with a low 
resistance to breathing has been overcome by 
various ingenious methods of folding and 
arranging tho layers of filtering material, so 
that a large filtering area can be compressed 
into a small space. The best filters now avail- 
able givo n very high standard of protection 
against even the most penetrative toxic smokes 
nnd will remove more than 99% of the toxic 
material from the air breathed. 

Industrial Respirators . — Industrial gas masks 
differ fundamentally from service gns masks in 
their essential desiderata. The service gas 
mask has to protect against any concentration 
that may bo encountered of any toxic substance 
capable of use as an agent of chemical offence. 
It has, therefore, to be polyvalent. Fortunately, 
many toxic substances such as carbon monoxide 
nnd arsine, against which it is difficult to 
protect by a filtering apparatus, cannot, for 
technical reasons, be employed in the field. 
Further, there is a limit to the concentrations 
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hat may be met. A concentration of 1% is alkaline granules, (6) diatotnite, brick, pumice or 
•sceptional, while from artillery shell, with which similar material impregnated with caustic soda, 
nost of the gas attacks were delivered in the potassium carbonate, sodium bicarbonate and/or 
atter part of the war, a concentration as high zinc acetate. Active carbon may be used in 
5 1 in 1,000 is unusual. For toxic smokes, addition to these adsorbents. 

in 1,000,000 is a high concentration. Thus, Other adsorbents used are based on potassium 
bo problem is one of protection against com- metasihcate ; hexamme, which is a good ad- 
Miratsvely low concentrations of many different sorbent for phosgene ; zincates and zmeammines. 
, 9sea _ Soda lime granules impregnated with per- 

’ In industry, the real function of the respirator manganate wilt give enhanced protection against 
s as an emergency device to deal with unusual hydrocyanic acid, as will also hopcahte, the 
•trcumstances such as the closing down of a carbon monoxide neutraliser referred to later, 
eaking valve emitting toxic vapour or the rescue Sometimes a special container is designed to deal 
if a man from a dangerous area. Therefore, m with hydrocyanic acid and other weak acids, 
ndustry, when a respirator ba3 to be used, it Diatomite impregnated with finely-divided 
nay be in a confined space and the conccntra- mercury oxide or certain complex zinc salts is 
ion may bo very high indeed, even as much as used for this purpose. 

i few per cent of the toxic vapour. On the (3) Ammonia, the main adsorbents being (a) 
ither hand, m any particular works or plant, salts of copper, such as copper sulphate impreg- 
be danger is generally limited to one or two nated on pumice (often known as kupramite), 
;ases at most. It is therefore possible to design (6) salts of zinc and cobalt, (e) salts of copper 
'he respirator specially for the gases to be and nickel, and (d) silica gel. 

^countered, and eo provide a much higher pro (4) Hydrocyanic acid and carbon dioxide.— A 
icction against them than is possible in a good adsorbent is baryta granules, 
polyvalent respirator. This means that for (5) Sulphuretted hydrogen. — A good adsorbent 
ndustry a number ofdifferent types are required is a mixture of baryta granules and active 
:o cope with all its gas hazards. carbon. 

The service respirator may have to be worn in (6) Nitrous fumes — Alkaline permanganate 
iction for long periods of time ; consequently granules and hopcahte are very useful, 
t must be very comfortable to wear and provide (7) Sulphuretted hydrogen and ammonia — 
jood vision and good facilities for ordinary and Adsorbents used are (a) copper chloride on a 
iclephoruc speech. An emergency device, as in solid support which can bo active carbon or 
ndustry, does not need the same standard of activated mineral salt, (6) silica gel, (c) mixture 
romfort for short period wear, or even of vision of baryta granules, charcoal and copper sulphate 
it speech, though obviously these should all be granules 

jood On the other hand, the gas tightness of (8) Carbon disulphide, for which lead and 
the industrial respirator must, if anything, be manganese peroxides can be used. 
lUperior to that of the service type because of (9) Carbon monoxide, against which the gas 
the higher concentrations The service respirator mask of the fighting services affords no pro- 
therefore is a different problem from the in- tection. This gas is present in producer gas, 
dustnal, and is not necessarily suitable for blast-furnace gas, coal gas, water gas, after- 
meeting the hazards of industry. damp in mines, etc. As carbon monoxide in 

The face-piece of the industrial gas mask calls any quantity is very often associated with a lack 
for no special comment, as it is very similar to of oxygen, reliance is generally placed on a self- 
that used for service purposes. The mam contained oxygen apparatus when men have to 
difference is in the container. Different types go into such an atmosphere. Of recent years, 
of container are generally produced to deal with however, much attention has been devoted to 
different industrial gases or types of gases or for the development of a filter mask for carbon 
combinations of types. The following is an monozvlo. Thve haz unsolved the pre/&v.ctwn!. of 
indication of the types of neutralising or absorb- a material for the catalytic oxidation of carbon 
ing materials used for various purposes in monoxide at ordinary temperature. The pro- 
mdustnal gas masks. dnet in most general use is called hopcalite, w hich 

(1) Organic vapours, such as benzole, acetone, is a mixture of manganese dioxide and copper 
car bon tetrachloride, carbon disulphide, form- oxide. Hopcahte will function only in dry air, 
aldehyde, and toluene. The usual adsorbent so the incoming air has to be dried, for example, 
is active carbon or charcoal. Against most by a layer of calcium chloride or silica get. 
organic vapours it is excellent, but it is poor Behind the hopcahte there has to be a layer of 
against methyl bromide and_ methyl chloride ; alkaline material, such as Boda lime granules, to 
provided it is not too dry, it functions fairly remove the carbon dioxide formed in tho oxida- 
welt against acid gases such as phosgene. It tion of the monoxide. The hopcalite will act 
is asserted by one authority that active carbon indefinitely, so the life of the container depends 
will stop effectively all gases and vapours with a on the capacity of the drier. Much heat is 
molecular weight greater than 60. Silica gel generated in the oxidation and the container 
can in some cases replace active carbon, will get very hot if there is much over 1% of 
but its best value is against water soluble monoxide in the inspired air, while the air will 
ga«es _ get too hot to breathe unless cooling layers, for 

(-) Acw gases, such as hydrocyanic acid, example, of sodium thiosulphate pentahydrate, 
nitric acid, formic acid, free halogens, nitrous are interposed It is stated that 1% of carbon 
fumes, phosgene, and sulphur dioxide. Among monoxide will on oxidation give off enough heat 
tho adsorbents used are (a) soda lime or other to raise the temperature of the air adiabatlcally 
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about 100’C. The oxidation uses up oxygen 
equal to half the volume of the carbon monoxide 
so that where there is much carbon monoxide 
the oxygen content in the purified air is likely 
to be low. 

Hopcalito has remarkable properties as an 
oxidising agent, and will also deal efficiently with 
ammonia, hydrogen cyanide, hydrogen sulphide, 
arsine, nitrous fumes, phosphine, and ethylene. 
Its main defect is its sensitiveness to moisture, 
which at present is its limiting feature. 

Another adsorbent for carbon monoxide, 
known as hoolamitc, is based on the oxidising 
properties of iodino pentoxido and concentrated 
Bulphuric acid. Tho mixture is generally used 
impregnated on pumice with a subsequent layer 
of active carbon or alkali granules to absorb the 
iodine liberated in the oxidation. 

As carbon monoxide is tasteless and odourless 
and produces no immediate symptoms to reveal 
its presence, the question of a detector to indicate 
when a container is becoming exhausted is of 
first-class importance. With most other gases 
thcro is ample warning because of tho odour, 
taste, or irritating effect produced from the 
first traces of gas that penetrate tho respirator ; 
nevertheless, in somo designs visible detectors 
depending on a colour change are fitted. The 
problem of detecting carbon monoxide has been 
attacked from many angles, and tho following 
methods for indicating when a container should 
be changed have been used : 

(a) Mechanical timer. This is operated by the 
breathing and depends merely on tho number 
of inspirations tho wearer has mado through the 
container, whether thcro is any carbon mon- 
oxido thcro or not. It will, as a rule, show 
tho container to bo exhausted long before it 
is so. 

(b) Hoolamitc detector. — In this detector, 
when tho carbon monoxide passes through the 
oxidising layer of hopcalito and impinges on 
tho hoolamitc, it liberates iodino which gives 
a warning by its irritating action on the nose 
and throat that tho container is almost ex- 
hausted. Alternatively, it lias been sug- 
gested that tho iodine can be made to liberate 
chlorino which, combining with carbon mon- 
oxide, will givo phosgene which is readily 
dctectablo by tho wearer. 

(c) Calcium carbide. — When water vapour 
penetrates tho hopcalito layer — which it will do 
when the drier is saturated — it will in contact 
with the carbide liberate acetylene, which gives 
a warning odour. 

(d) Colour change. — This is obtained by the 
effect of humidity on various salts, such as 
dehydrated cobalt chloride, copper sulphate or 
platinocvanidcs. These are placed between the 
drying material and tho hopcalito and will 
change colour when the drier is letting water 
vapour pass, thus indicating that the hopcalito 
will soon cease to act. Colour changes are not 
very- reliable and arc not easy to observo in 
dimly-lighted places. 

Carbon monoxide respirators have not been 
used to a great extent in this country ns there 
is always the danger, especially in mines after 
an explosion, that tho rescuers may lose their 
lives in the event of their encountering a region 


with an inadequate percentage of oxygen in the 
air. They could, of course, get ample warning 
of an oxygen deficiency by the use of a test lamp. 
In many' cases no danger from oxygen shortage 
will exist, and then the carbon monoxide gas 
mask can be used to advantage, as it will impose 
less strain on the wearer if he has to do work 
than will the heavier self-contained apparatus. 
Apart from mines, there are other cases, for 
example, near blast-furnaces, where a shortage 
of oxygen will be accompanied by a high con- 
centration of carbon monoxide, but tho latter 
will immediately make itself noticeable by tho 
rapid heating of the container and thus give a 
warning. 

To stop industrial smokes, dusts and fumes, 
the filtering materials used in service respirators 
can be employed. 

Designs have been produced for all-purpose 
respirators intended for use primarily by fire- 
men who may have to encounter in fire fighting 
a largo variety of gases including carbon mon- 
oxide and smoke. Such a container is made 
up from a combination of tho adsorbents re- 
quired to protect against the various hazards, 
and a typical container of this sort on the market 
consists of the following layers from the bottom 
to the top ; (a) active carbon for organic 

vapours ; (b) cotton wool for smokes, fogs, 
and dust ; (e) caustic soda impregnated on 
pumice for ncid gas ; (d) cotton wool for smokes ; 

(e) fused calcium chloride as a drying layer ; 
{ f ) hopcalito to oxidise carbon monoxide ; 
{ g ) silica gel or carbon impregnated with copper 
sulphate to stop ammonia. Various other com- 
binations are of course possible. A general 
adsorbent for gases other than carbon monoxide 
could be based on Bodium carbonate, zinc 
acetate, magnesium peroxido, and powdered 
charcoal. 

Protection for Animals . — Respirators have also 
to bo provided for animals such as horses, dogs 
and pigeons in their baskets. These generally 
take tho form of a bag or covering of thick 
material impregnated with a chemical solution 
such as was used in the early gas helmets, but 
they are not very satisfactory in practice. 

Collective Protection . — Tho problem of pro- 
viding protection for closed rooms and com- 
partments in which people can work without 
gas masks is solved by the use of purification 
units constructed on the same general principle 
ns tho container of the respirator, through which 
air is drawn into tho room or compartment by 
means of a fan, preferably from an area likely 
to bo free from gas such as tho top of a high 
building or a chimnoy stack. Tho methods of 
air regeneration used, for example, in submarines 
can also be employed, but are in general less con- 
venient and more expensive. For the protection 
of dug-outs and rooms in the fighting area, cur- 
tains of thick cloth impregnated with a chemical 
solution or a heavy mineral or a vegetable oil 
such ns cylinder or linseed oils, are used at 
tho entrances, two curtains with an air lock 
between being general!}' provided for greater 
security. 

Protection against Mustard Gas . — The intro- 
duction of mustard gas with its action on the 
skin presented a new problem in protection 
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which has not jet been properly solved. Gar- 
ments of oilskin and other impervious materials, 
if of air-tight design, give a fair measure of 
protection, but can only be worn for compara- 
tively short periods in view of the stifling effect 
on the wearer, especially in hot weather. The 
use of clothing impregnated with a chlorinating 
agent such as chloramine or allied products 
which will destroy mustard ga9 has also con 
siderablc limitations, while protective oint- 
ments of vaseline or of zinc oxide and fat 
mixtures, with or without a chemical to neutral- 
ise the mustard gas, are also of doubtful utility 
under sere ice conditions, though they may be 
of some value in certain circumstances. 

Decontamination — Another problem in gas 
defence is the decontamination or clearing of 
areas which have been contaminated with a 
persistent gas, especially if it is of the mustard 
gas tjpo, against which a gas mask is not a 
complete protection because of its general 
action on the akin Generally speaking, water, 
and earth arc the only materials available in 
adequate quantity if extensive decontamination 
lias to be done, and they can bo used to wash 
away the mustard gas liquid or cover up the 
infected men Where available, bleaching 
powder diluted with about 3 times its volume 
of an inert material such as sand or earth is the 
most effective substance to use The neutralis 
mg agents mentioned in column 6 of the 
table on pp 12-15 on chemical warfare 
agents can also be used for dealing with the 
paves against which they are effective For the 
decontamination of textiles and general clothing 
a number of methods can be used depending on 
the tjpe of garment and the extent of the con 
taimnation, such as exposure to the weather, 
washing, solvent extraction, or treatment with 
steam or hot air. 

Dttccttm of Gait — Another problem of 
chemical interest is the use of detectors to 
indicate tho presence of gas While detecting 
papers, paints or solutions can be provided to 
deal with substances auch as chlorine and 
mustard gn», tho devices as a rule are not 
sufficient!) simple, quick, or certain in their 
action to mike their adoption desirable except 
under spe< mf conditions and in the hands of 
trained observers Reliance has in practice to 
be placed on the sense of smell and the sensory 
organs gencrtlly 

Profcet ion of At Cult Population against Gas — 
One of the most important problems of the 
present day is the protection of the civil popu 
ivtion at large against gas attacks from the air. 
These attacks may be made w ith bom bs containing 
pas, or by sprav mg liquids of high boding point, 
like mustard gas, from aircraft. Those members 
of the community who roust continue to carry 
on their duties either during or immediately 
nftir a rani and the members of the defensive 
organisations must be provided with gas masks, 
vn the Mmr vvaj a* service personnel, and with 
a rertain amount of protective clothing depend- 
ing on the nature of the work they have to do. 
Those of them, like the police and the fire 
brigades, who will have to perform their duties 
whatever the conditions, will be equipped with 
service respirators. For the others, a some- 


what simpler and cheaper respirator called the 
civilian duty respirator will suffice. For the 
civilian population at large the main defence 
will be ga3 protected rooms in their own houses 
or offices, the room9 being selected with due 
regard to the fact that high explosive and 
incendiary bombs are certain to be used ns well 
as gas. Public shelters, ventilated with air 
purified by passage through filtration units, will 
be required for people caught in the streets, 
and similar shelters may be installed by im- 
portant organisations. The public will have to 
seek the shelter of their gas protected rooms 
immediately the air raid warning is given. As 
a second line of defence to be used if the gas 
protection of the room is damaged or if a con- 
taminated area has to be evacuated, the public 
will be provided with a simple but effective 
design of gas mask called the general civilian 
respirator. 

In addition, arrangements will have to be 
made for : 

(а) a gas detection service to examine the 

bombed areas, diagnose the nature of 
the gas used (if any), and indicate 
whether decontamination is required 
or not, 

(б) decontamination squads to render the 

bombed areas safe to occupy, 

(c) a first aid service to deal with casualties, 

which must include first aid and decon- 
lamination centres for the treatment of 
the Jess serious casualties and the decon- 
tamination of the persons and clothing 
of people who may be contaminated 
with gas, and 

(d) casualty clearing stations and hospitals for 

the more severe cases. 

These services will form part of the general air 
raid precaution services required to deal with 
all types of air raid and the detailed organisation 
will be the responsibility of the local authorities. 
The necessary technical details will be found 
in the senes of Air Raid Precautions Handbooks 
which are issued periodically by the Air Raid 
Precautions Department of the Home Office and 
are obtainable from II M Stationery Office. 

J D. P. 

CHEM ICKING t. Bleaching. 

CHEMILUMINESCENCE. — Accepting 
the term “ luminescence ” to denote emission of 
light other than that due to temperature effects, 
“ chemiluminescence ” should denote the direct 
conversion of the free energy of chemical reaction 
into light energy. As, however, mere change in 
the energy levels of atoms may result in change 
of chemical properties and thus be considered as 
chemical action, and as possibly all radiation of 
wave length shorter than the infra red is due to 
release of this store of mtra atomic energy, a 
logical application of modern views would 
include all forms of luminescence as chemi- 
luminescent phenomena The usual but un- 
defined terminology therefore restricts the term 
to those instances when light appears as a result 
of the formation of molecules of high energy 
levels during the production oi new substances. 
In this sense the inclusion of, for example, such 
phenomena as cr)stal!o- and tnbo luminescence 
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is questionable ; light emitted during crystallisa- 
tion of, say, sodium chloride may be ascribed to 
recombination of ions and as it seems significant 
that the colour is the same for both emissions 
when they can bo observed in a single salt 
(Weiscr, J. Physical Chem. 1918, 22, 439) 
a similar explanation should hold for tribo- 
lumincsccnce, and its inclusion among chemi- 
luminescent phenomena in the above modified 
sense should then depend on the demonstration 
of chemical differences between crystals capable 
of exhibiting tribolumincscence and aged crystals 
no longer possessing such ability. Again, in 
addition to tho traditional use of the term 
“ phosphorescence,” this term is also used to 
denote tho delayed emission of light by a 
substance aftfir previous illumination, fluores- 
cence being the instantaneous reversal of 
illumination, and it is difficult to decide whether 
such phenomena aro dependent on chemical 
action in tho abovo sonse. Thus Chakravarti 
and Dhar (Z. anorg. Chem. 1925, 142, 299) 
were unablo to confirm tho suspected relation- 
ship between fluorcsccnco and oxidation of 
certain organic dyes, but a chemiluminescent 
interpretation is not easily disproved in other 
cases. Tho luminescence of slightly impure zinc 
sulphide on bombardment with a-particlcs is 
another border-line instance. 

Tho liberation of part of the energy of inter- 
action between molecules or atoms in tho 
restricted sense may be tho result of one of two 
mechanisms (Wcgscheidcr, Ilcc. trav. cliira. 
1923, 42, 585): (a) tho energised atoms or 
molecules emit radiation directly, or (b) the 
excess energy may be transferred to other 
molecules which can then emit their own 
characteristic radiation. Although theso con- 
ceptions have been experimentally realised in 
sonic instances, tho mechanism of the majority 
of known instances of chemiluminescence is 
quito undetermined, our knowledge being 
limited to tho visual observation of light. Tho 
following examples are therefore arbitrarily 
classified according to tho physical state of tho 
luminescing system. 

Tho luminescent oxidation of phosphorus 
vapour is among tho best known of the pheno- 
mena under review (Chariton and Wnlta, Z. 
Physik, 1920, 39, 64), although still not com- 
pletely understood (Dovnc}’, J.C.S. 1924, 125, 
347 ; EmclC'Us and Purcell, ibid. 1928, 628). F. 
Sclmchcrl (Gnzzctta, 1932, 62, 610) finds that 
phosphorus oxychloride exerts a positivo 
catalytic effect and postulates the formation of 
the oxide P 4 0 to explain the emission of light. 
Aerial oxidation of many organic vapours, e.g. 
ether, carbon disulphide, etc., produces " cold ” 
luminous flames, whilo tho light of tho “ non- 
luminous ” Bunsen flame is a true instance 
of chemiluminescence. Oxidation of a 2% 
mixture of heptane in nir producing visible 
radiation (H. licatty and G. Edgar, J. Amer. 
Chem. Soc. 1934, 56, 102), tho reaction between 
hydrogen and chloroform (H. Fromherz and 
H. Schneller, Z. phvsikal. Chem. 1933, 20, 15S), 
polymerisation of nectaldehyde in presence of 
active hydrogen (II. Urcv and G. Lavin, J. 
Amer. Chem. Soe. 1929, 61, 32SG), reaction of 
sodium vapour with chlorino (Lialikow and 
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Terenin, Naturwiss. 1926, 13, 83; Z. Physik, 
1926, 40, 107), the “ afterglow ” of active 
nitrogen (Bonhoeffcr, Z. Elektrochem. 1926, 32, 
536), etc., are all further instances of luminescent 
reactions in the gaseous phase. 

Some inorganic reactions in solution are known 
to be chemiluminescent, e.g. many oxidations, 
the catalytic decomposition of hydrogen per- 
oxide by silver, platinum, etc., and the neutrali- 
sation of some oxides by cone, sulphuric acid. 
The great majority of known cases, however, 
are furnished by tho oxidation of organic 
materials. Many aldehydes (Radziszcwski, Ber. 
1877, 10, 321; 1883, 16, 597), sulphur com- 
pounds (Deldpine, Compt. rend. 1912, 154, 
1171), Grignard compounds (Lifschitz, Helv. 
Chim. Acta, 1918, 1, 472 ; Dufford, Calvert and 
Nightingale, J. Amer. Chem. Soc. 1923, 45, 
2058 ; 1925, 47, 95 ; Evans and Diepenhorst, 
ibid. 1926, 48, 715) aro luminescent on direct 
oxidation or on roaction with picryl chloride 
(Wedekind’s reaction), that of phenanthryl-9- 
magnesium bromide being particularly intense 
(W. Bachmann, J. Amer. Chem. Soc. 1934, 56, 
1363). Many dyes and phenolic compounds 
exhibit tho phenomenon when oxidised with 
hydrogen peroxido or ozone in presence of ferrous 
sulphate (N. Biswas and N. Dhar, Z. anorg. 
Chem. 1928, 173, 125; 1930, 186, 154; 1931, 
199, 400). Tho emission of light on oxidising 
organic hydrazides is not uncommon, e.g. benz- 
hydrazido, benzene sulphonhydrazide, and sub- 
stituted derivatives (A. Witte, Rec. trav. chim. 
1935, 54, 471) that emitted by 3-aminophthal- 
hydrazido being spectacular ns it is visible in a 
dilution of 1 : 10 s an intensity oxceedcd only 
by tho luminescence accompanying tho oxida- 
tion of NN'-dimcthyldincridylium nitrate (I) 

Mc(NO,)N^ ->C— 

x c c h 4 / J 3 

i. 

which is visible in a dilution of 1 : 10 10 
(K. Glcu and W. Petsch, Angew. Chem. 1935, 
48, 57) ( v . Acridine, Vol. I. p. 130r). 

Crystallo- and tribo-luminescence have already 
been quoted as extreme examples of chemi- 
luminesccnco among solids. Others are tho 
reaction between antimony and chlorino (S. 
Bhatnagar and K. G. Mathur, Z. pliysikal. Chem. 
1930, 9B, 229), and tho oxidation of solid 
sodium which is non-luminous in pure dry oxygen 
but becomes luminescent in presence of a trace 
of water vapour, H»S, dry HNO, vapour, 
or dry AcOH vapour, but not S0 2 or tho 
halogens (R. Bowie, J. Phyaikal Chem. 1931, 35, 
2964). 

Interpretation of certain bright lines in stellar 
spectra ns due to chemiluminescence has been 
proposed (K. Wurm, Z. Astrophys. 1935, 10, 
133) while, on the other hnnd, tho luminescent 
bacterial and fungal phenomena of dead fish, 
meat, wood, etc., have given rise to much 
work (bibliography, E. Harvey, Bull. Nat. 
Res. Council, U.S.A. 1927, 59, 50). Emission of 
light is not dependent on the living cell nnd is, 
indeed, in some species an extra-cellulnr pheno- 
menon, being, in fact, due to tho interaction 
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of two materials, tueifcrin and luetferase, in 
presence of oxygen. These may be separately 
purified and are remarkably specific, no light 
being emitted unless both components are 
obtained from the same or very closely related 
species ; although considerable knowledge of the 
conditions governing the luminescence has been 
collected, the ultimate structural nature of 
these components is unknown. Lucifenn has 
many of the properties of a peptone, and 
functions with its oxidation product oxy- 
lucifenn os a rcveraihle gjstem. The oxida- 
tion of lucifenn is effected by many oxidising 
agents but never with luminescence Luciferase 
possesses t be properties of an albumin and 
appears to behave somewhat as an enzyme in 
the liberation of light. 

It is unfortunate that the intensity of chemi- 
luminescence is in general so small that the 
quantitative aspect has been somewhat neg 
lected. Intensity of emission has sometimes 
been conveniently determined by visual methods 
of substitution such as were used by C Thomas 
and R. Duflord (J. Opt Soc Amor 1933, 23, 
231) when studying the chemiluminescence of 
Cngnard compounds, tut the sensitised photo 
graphic plateor moving film presents advantages, 
e g for recording rapid fluctuations m intensity 
(Araberson, J. Gen. Physiol 1922, 4. 517) 
Methods employing a photoelectric cell enabling 
very feeble sources to be studied are particularly 
valuable , A Pospelow, B Pyatmtzki, and 
S Zbhrkow (J Russ Ph\s Chem Soc. 1929, 
C31 Phj s Pt ) have studied in this way the lumi- 
nescence of amanne and lophine when oxidised 
with bromine water. The spectral distribution 
of the emitted light is determined by spectro- 
scopic means, although when the source is too 
feeblo the use of a series of colour screens of 
graded limits of transmission yields fairly 
accurate quantitative results (see Weiser, 

3 . Physical Chem. WW, 22, 429) 

Quantitative study of chemiluminescent 
phenomena has been concerned chiefly with 
(a) spectral observations, (6) energetics and 
cfhciency (Bull fiat. Res Council, USA, 
1927, 59, 1). Outstanding conclusions are the 
recognition of a general band and not a 
line spectral character; tho fact, deducible 
on theoretical grounds (Harvey, J Gen Physiol 
1923, 8, 89), that for the emission of light 
there must occur a state richer by 37-71 cals / 
mo! than another condition to which transition 
occurs spontaneously. This energy limitation 
is certainly not the only condition that lumuies 
cencc shall occur and may in ft complex reaction 
only apply to an individual stage in the process 
so that it is not inevitably required that the 
total energy of reaction should he within these 
limits. Thus the chemiluminescent decom- 
position of the iodide of Mdlon’s base is actually 
endothermic (Z. PetnUln, Z. Physik, 1925, 
32, 569) It would then seem that estimations 
of the efficiency of chemiluminescent processes 
(t e. the pcrcentcge of tho total heat energy 
emitted as light) can only bo of direct 
significance when the reaction is simple, and 
is rather of comparative value m the study, I 
for instance, of a senes of related compounds 
Even hero relationships are so obscure that | 


generalisations are rarely possible, < ?■ Lifschitz 
and Kalberer (Z. physical. Chem. 1922, 102, 
393) studying the oxidation of Grignard com- 
pounds could trace no connection between the 
appearance or non appearance of luminescence 
and heat of reaction. Nevertheless, estimations 
of efficiency have revealed at least the one 
remarkable fact that while the efficiency of 
“ pure ” chemiluminescent reactions is in general 
very Bmall «1%), that of biolu mines cent pro 
cesses seems uniformly high. Thus, while the 
light efficiency of the (incomplete) combustion 
of phosphorus vapour in air waft calculated to 
be 00011% (Adams, Physical l*ev. 1924, 23, 
77 J), Karrer estimates the luminescence 
efficiency of the firefly to be as high as 19 4% 
(J. Franklin Inst 1918, 185, 775 )» 

Among a number of reviews t>f general and 
special aspects of chemiluminescence may be 
mentioned the following : F. Schacherl (Atti 
congresso naz. chim. pura appl. t 1933, 4, 599; 
E Rideal, Chem. News. 1929, i39. 36; Bull. 
Nat Res. Councd, U.S.A., 1927, 59, 1; H. 
Bender, Angew. Chem. 1932, 45. 249 (theore- 
tical), J. H. Graham, Amer. J. Pharm. 1935, 
107, 245 (chemiluminescence »nd biophoto- 
genesis). 

CHEMISORPTION v. CAT^Sts is I*t- 
dustbial Chemistry. Vol. II , p- 422r. 

CHENODEOXYCHOL1C ACID r. Bite 

CHENOPODIUM, ESSENTIAL OIL 
OF. American wormseed oil The od distilled 
from the flowering and fruiting plants of 
Chenopodium ambrosiotdes, var. pnthehntnticum 
A. Gray (Chenopodjace®), a native of Central 
America and the West Indies. The commercial 
oil is distilled chiefly in Maryland end is known 
as Baltimore oil Great care is required during 
distillation as the chief constituent is decom- 
posed by overheating High pressure steam is 
■used wnd khfe AisAAiaViun earned w> vi»pvJAy 
as possible. Yield 0 6 to 1 0%. 

Constituents — The main constituent is ascari- 
dole ) a body closely related to cincole, hav- 
ing a peroxide structure. ABcandoIe decomposes 
with explosive violence on heating to 130°-150°. 
Other constituents are p cymcnc, terpmene, 
£s-nv> men thadiene, and traces of butyric acid, 
safrole, and methyl salicylate 

Characters — A colourless or pale yellow liquid 
with a disagreeable, penetrating c*mphoraccous 
odour and a burning, bitter taste. Sp gr. 0 960- 

0 980 at 15 5°, optical rotation —4° to —8°, 

1 474-1 479. Soluble in3 to 10 vols 70%alcohol. 
Contains pot less than 65% as c 3 rid ole, deter- 
mined by the process described in the “ British 
Pharmacopoeia.” It is employed in medicine 
as an anthelmintic for the treatment of hook- 
worm and round worm. 

C. T. B. 

CHER1M DYA . The fruit of Anona Chert- 
tnoha Mill. It is apparently indigenous to 
certain districts of Ecuador, and is cultivated 
in Mexico and other tropical regions of South 
America The fruit somewhat resembles the 
pineapplo m shape and may be cither smooth 
or spiny, weighing 0 5-1 lb. Its characteristic 
flavour results from its high sugar content 
modified by tho presence of various acids. 
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Thompson (Hawaii Agric. Exp. Sta. Rcpt. 
1914, 62) recorded the following analysis of 
the fruit: total pulp 84%, total solids 33-8%, 
protein 1-84%, fat 0-15%, acids (as malic) 
0 09%, reducing sugars 15-34%, sucrose 3-07%, 
fibre 4-29%, ash 0-67%. 

A. G. Po. 

CHERRY. The fruit of Prunvs avium L. 
(or P. Ccrasus, var. avium), the sweet cherry, 
and of P. Ccrasus L. (or Ccrasus vulgaris 
Mill.), the sour cherry. The latter are also 
known as Morello cherries (dark varieties) or 
amarcllcs (light varieties). Cherries are utilised 
as dessert and culinary fruit or may be canned, 
dried or candied. Maraschino cherries used in 
confectionery arc sweet cherries bleached with 
sulphur dioxide, split and stoned, dyed with 
Ponceau 3R, nnd preserved in syrup. The 
liqueur maraschino is prepared from the sour 
cherry. Black Forest and Swiss “ Kirscli- 
wasser ” is distilled from fermented sweet 
cherries. 

Tho composition of the flesh of cherries, 
which represents 94-95% of the weight of the 
v hole fruit, averages (% fresh weight) : 
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* Kullsch, Z. angev. Clicm. 1894, 7, 148. 
s OIlR, Z. Haters. Nahr.-Gcmissm 1910, 19, <558. 

3 Sluuv, Oregon Agric. llxp. Sta. Bull. 1898, No. 55. 


Windisch nnd Schmidt (Z. Unters. Nnhr.- 
Gcnussm. 1909, 17, 584) record the following 
analyses of the juice of sour and sweet varieties 
ns : 



Sour 1-064 16-8 0-43 1-40 9-32 0-90 0-14 0-5 
Succt 1-007 17-0 0-48 0-04 11-10 0-26 0 09 0-5 


According to Hartman nnd Bullis (Oregon Agric. 
Exp. Sta. Bull. 1929, No. 247), the ripening of 
cherries is associated with an increase in sugar 
nnd non-sugar solids and a decrease in acidity, 
tannin content nnd nstringency, values recorded 
being : 
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Tho sugars consist almost entirely of sucrose, 
glucose nnd fructose. Traces of inositol are 
present. The principal acid is malic acid, nnd 
there arc von- contradictory reports ns to the 
presence of smnll amounts of succinic, citric 
nnd tartaric acid*. 

Traetta-Mosca et al. (Annali Cbirn. Appl. 1923, 
13. 333) have shown that unripe but not ripe 
fruit contain a peroxydnse. invertnse nnd 
einulrin being present at nil stages of growth. 


The emulsin, according to Hofmann (Biochem. 
Z. 1934, 272, 426), contains a large proportion of 
/J-glucosidase and very little j3-galactosidase. 

The colouring matter of cherry skins has 
been characterised by Willst&tter and Zollinger 
(Annnlcn, 1916, 412, 164) as kcracyanin (chloride, 
C 27 H 3 ,0 ]5 CI) yielding on hydrolysis with 
hydrochloric acid, cyanidin, glucose, and 
rhamnose. It thus appears to bo a diglucoside 
of cyanidin, C 16 H 10 O 6 . 

Konig gives the composition of tho ash as : 
K 2 0 54-8, Na„0 4-4, CaO 5-8, MgO 5-4, 
Fe„Oj 1-5, Mn 3 0 4 O S, P 2 0, 15-6, S0 3 5-4, 
Si0 2 5-0, Cl 1-6 %. 

The iron content of cherries appears to vary 
considerably with the type. Minor elements 
recorded by various analysts include: Al 34-9, 
Cu 1-6, Zn 1-5 mg. per kg. fresh weight. 

The kernels of cherry stones average about a 
quarter of the weight of the stone and contain 
H a O 6-3%, protein 28-0%, other extract 38-7% 
(Alpers, Z. Unters. Nahr.-Genussm. 1917, 
34,433). . „ „ 

A. G. Po. 

CHERRY KERNEL OIL is the fatty oil 
present to the extent of 30-40% in the seed- 
kernels of the cherry, Prunus Ccrasus L. 
Since 1926, attention has been paid in the 
United States to tho recovery of the oil on a 
commercial scale from the kernels of the sour 


cherry, which are available ns a by-product of 
the cherry-canning industry. About 34 tons 
was thus prepared in 1929, but the potential 
production of oil, assuming all the pips separated 
at the canning plants were utilised for this 
purpose, has been estimated at about 2,000 
tons per annum. Refined cherry kernel oil is 
pale in colour and of a bland flavour, nnd tho 
American product is reported to have good 
keeping properties. It resembles almond nnd 
apricot kernel oils in many respects nnd is 
similarly employed in tho manufacture of 
cosmetic and pharmaceutical preparations; 
it is also suitable for uso ns a salad or culinary 
oil. The following figures have been recorded 
by .Tnmieson nnd Gcrtler (Oil and Fat Ind. 1930, 
7, 371) for a commercial specimen of refined 
American cherry kernel oil : d 25 0-9183, 

saponification value 190-7, iodine value (Hanus) 
115-8, unsaponifiablo matter 0-6% ; tho fatty 
acids consisted of 2-9% of stearic acid, 4-2% 
of palmitic acid, 49% of oleic nnd 42% of linolic 
acid, together with traces of myristic (?) and 
arachidic acids. Iodine values from 109 to 
123 have been recorded by other observers 
for crude cherry kernel oils from various sources 
(cf. Alpers, Z. Unters. Nahr.-Genussm. 1917, 
34, 433 ; Spitnlcri, Drug and Cosmetic Ind. 1936, 
38, 331 ; Tilgncr, Konserven Ind. 1931, 18, 
257). 


The oil gives orango or reddish colorations in 
the Bieber and Krcis tests (see Almond Oil). 
According to Rabak (U.S. Dept. Agric. 
Bull. 390, 1916; Oil and Soap, 1932, 9, 210) 
fresh cherry kernels contain a glucoside of tho 
type of amygdalin, about 1% of volatile oil, 
resembling essential almond oil (q.v.) being 
recoverable from tho press-cake remaining from 
the expression of the fatty oil (the kernels from 
imported cherries,' which had been preserved by 
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treatment with sulphur dioxide and brine, 399 ; W. A. Tarr, The Origin of Chert and 
however, did not have the characteristic " bitter Flint, Umv. Missouri Studies, 1926, 1, no. 2; 
almond ” taste) The residual seed meal, after Special Reports on the Mineral Resources of 
recovery of the fatty oil, could be used as a Great Britain, Mem. Geol. Surrey, vol. 6, 
fertiliser, or, if freed from volatile oil (hydro- Refractory Materials : gamster and silica rock, 
cvanic acid) as an ingredient of cattle-food. 2nd ed , 1920 ) 

J EL. L. J. S. 

CHERRY-LAUREL, ESSENTIAL OIL CHESSYLITE orAZURlTE- Hydrated 
OF. Obtained by distillation of the leaves of basic copper carbonate, 2CuCO s Cu (OH),. 
Pninut Lauroctrasus I .inn . (Fam. Rosace*), o forming monoclinic crystals of an azure blue 
native of Persia, and cultivated generally as an colour. Finely crystallised specimens have been 
ornamental shrub The leaves contain a found in abundance m an old copper mine at 
cyanogenetic glucoside launu in which interacts Chessy, near Lyons, in the south of France, and 
with an enzyme yielding benzaldebyde and on this account the mineral is often known as 
hydrocyanic acid The oil separates from the chessyhte (Brooke and Miller, 1852); the name 
distillation water with a yield of 0 05%. a2unte (F. S. Beudant, 1824) refers to the 

Characters — Sp gr 1 050 to 1 065, optical characteristic colour. Bp gr. 3 8; hardness 
rotation —0° 30' to +0° 30'. Contains about 3J — 4. It occurs as an alteration product of 
98% of bcnzaldehyde. The distillation water is chalcopynte and other sulphide ores of copper in 
standardised to contain 0 1% of hydrocyanic the upper oxidised zones of mineral veins ; and 
acid, and is used m medicine under the name it is itself often altered to malachite, the green 
cherry laurel water, principally in eye lotions carbonate (CuCOj Cu(OH),). Fine crystals 
C. T B are also found at Broken Hill in New South 
CHERRY-LAUREL LEAVES. Lavro - Wales, Tsumeb in South West Africa, and at 

reran /ofia(B P ), leaves of Prvnus Lauroctrasits Bisbee in Arizona; at the last-named place it 
Ijnn. occurs, together with malachite, in sufficient 

CHERT. A compact form ofsihea essentially abundance to be mined as an ore of copper, 
the same as flint, differing from this mainly It was also formerly mined at Burra-Burra in 
In its geological occurrence The name flint is South Australia. From Arizona come pretty 
usually restricted to the nodules of irregular specimens, with azunte and malachite banded 
shape found m the chalk of Cretaceous age, together, which are polished for use m cheap 
whilst chert more often forms elabby masses, jewellery. Powdered azunte was formerly 
sometimes thick beds, in rocks of all geological used as a pigment under the name “ mountain 
penoda It is usually associated with limestones blue,” but this is now replaced by An artificial 
and dolomites, and sometimes a gradual passage product 

can be traced between the two, suggesting that L. J. S. 

the beds of chert have been formed by the CHESTNUT. Under the general title 
eiheification (metasomatic replacement) of “ chestnut " are included : 
i limestone Fossils are also replaced by silica, (1) The sweet chestnut, the seed of Casfanea 
) but there are also often present sponge spicules saliva Mill (or C vesea Gaertn.), the European 
and the siliceous teats of radiolana. In the species, of the large American species, C. 
latter case the silica is of organic origin ; while dentata Borkh , and of two smaller, dwarf- 
in others it has no doubt been deposited from growing species, C. pumxla Mill, and C. alnifoUa 
solution as colloidal silica, which has later Nutt (the American chinquapins), 
crystallised on a minute scale. The micro (2) The horse chestnut, the seed of &sculus 
crystalline matenal consists of finely granular Ihppocasianum L. 

quartz and fibrous chalcedony, together with (3) The water or hom chestnut, the homed 
some opaline silica The fracture of chert is fruit of Trapa nalans (European), of T. ftieomi* 
more uneven and splintery and the broken (Chinese), or of T. hspinosa (Indian), 
surface less smooth than in typical flint. (4) The Chinese water chestnut, which is the 

The material vanes considerably in appear- onion shaped corm of E leocharis luberasa. 
ance, ranging from white to black in colour, and Schult. 

sometimes with a cavernous texture. It also The sweet chestnut is eaten roasted, or skinned 
vanes in chemical composition. Analyses by and minced as a dressing for poultry, etc , or 
If. F. Harwood (Geol. Mag. 1923, 60. 177) of in Italy is prepared as a flour and used for 
chert from north Flintshire show SiO, 94 45- cooking 

97 83, AI,Oj 0 36-2 42, Fe,0, 0-0 28, FeO The horse chestnut, although rich in nutnent 
0-0 22, CO, 0-2 72, C 0-0 60%. A collection matenal, has a bitter flavour which precludes 
of analyses of chert from Amenean localities is its use as a human food. Auld (J.S C.I, 1913, 
given by IV. A. Tarr (Umv. Missouri Studies, 32, 173) records that the nuts are not markedly 
1, no. 2); one, from Joplin, Missouri, poisonous to animals and may be used in 
shows SIO, 99 46, while a calcareous chert moderate proportions as a cattle food, Scrger 
from Grand Falls, Missouri, shows SiO, 63 67, (Chem. Ztg. 1916,40,221) prepares asatisfactory 
CaCO, 32 12% cattle food by boiling the coarsely ground nuts 

Deposits of chert are worked at Bakewell m with successive portions of water. 

Derbyshire. Malkin in Flintshire, and Reeth in The starchy kernel of the hom chestnut or 
Yorkshire, and the crushed material is used in Jesuits’ nut renders it serviceable directly 
the production of pottery glazes, and for as a food, or for the manufacture of a flour, or 
grinding and polishing. (If. C. Sargent, GeoL as a source of a commercial starch. 

Mag. 19-1, 58, 265; 1923, 60, 168; 1929, 66, The conns of the true water chestnut are eaten 
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either raw or cooked by the Chinese and may also I The average percentage composition of these 
he used for the preparation of starch. | “ chestnuts ” (kernels) is : 



In an examination of protein constituents of The bark contains more tannin (17%) than the 
the horse chestnut, Bclozerski and Dubrovsknja wood, but is not much used. The tree, which 
(lliochimia, 1930, 1, 005) isolated a globulin grows to a height of 00-80 ft., is abundant in 
hippocastanin, and a nucleo-protein which on Italy, the South of Franco and Corsica, where it 
hydrolysis yielded amino-acids of similar forms immense forests, and it is also very 
composition to those from hippocastanin, and common in America. 

nucleic acid from which guanine, adenine, Freudenbcrg nnd Walpuski (Ber. 1921, 54, 
cytosine, thymine nnd lmvulic acid were [B], 1095) isolated the crude tannin and, by 
obtained. Colby gives the following analysis of hydrolysis with dilute sulphuric ncid, obtained a 
the ash of sweet chestnut kernels : K s O 48-7, small amount of quercetin, traces of gallic acid, 
Na s O 1-2, CnO 4-0, MgO S-l, Fe,0 3 0-4, sugar (2%, chiefly dextrose), nnd ellagic acid 
Mn.O, 0-2, P.,0 5 23-55, SiOj 0-18, SO, (15-20%). All these are present in the com- 
12-8,C10-34%. Small amounts of copper and binedform. Nosugarwas produced by the action 
zinc are also present. of emulsin, thus indicating that quercetin nnd 

A. G. Po. ellagic ncid are not present as glueosides, 
CHESTNUT EXTRACT. The wood of Purification of the crude tannin was effected 
the sweet or Spanish chestnut ( Caslancn vesca), by the action of nspergillus-tunnase, then pre- 
though it contains only 3-G%> of tannin, is the eipitating with a lead salt nnd decomposing 
source of the much valued chestnut extract, the precipitate with hydrogen sulphide. The 
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purified tannin is a y ellow isb rod, strongly acidic 
substance, almost insoluble in ethyl acetate, and 
yields only 3% of ellagic acid when heated for 
5 hours with 3% sulphuric acid. The acidity 
indicates a molecular weight of about 400 or 
some multiple thereof. It gives a blue colora 
tion with iron ealts, but is not precipitated by 
bromine water and docs not contain phloro- 
glucmol. Chestnut tannin thus appears to be a 
representative of a new type of tannin and to be 
closely allied to that of the native (German) 
oak. 

Mailer and Zellner (Biochem. Z 1935, 277, 
3S3) describe the precipitation of a pblobaphene, 
empirical formula Cj 3 H, 0 O le , from chestnut 
tannin extract. When oxidised with alkaline 
peroxide, it yields a product, Cj,H 4 O g ,2HjO, 
decomposing at 400°, which resembles but is not 
identical with ellagic acid Distillation of the 
phlobaphene with zinc dust gives anthracene 
and naphthalene, but no fluorene, whilst by 
fusion with potassium hydroxide protocatechuic 
acid, succinic acid and pyrogallol are produced. 

From the leaves of the Caatanea tesca, Kur- 
meier (Collegium, 1937, 273) isolated a tannin 
from which, by hydrolysis, 8-9% of ellagic acid 
was obtained. The methylated tannin has the 
composition C„H„0,(0Me),, and yields 
tnmethyl citrate on distillation Muni (iftnf. 
1929, 499) obtained 3 8% of a tannin, a galloyl- 
hexose, from the same source 

Chestnut is employed almost entirely in the 
form of extract, the strength of which vanes, 
but usually contains from 26 to 32% of tannin. 
The extract is frequently decolourised, and 
sometimes mixed with quebracho extract and 
other materials. Chestnut tannin is the tannin 
which is most largely employed for the dyeing of 
silk Caatanea reaca appears to be frequently 
confused with the horse-chestnut, /tscvlua 
Uippocaitanum, The tannin derived from thi9 
latter is, however, of little or no practical value 
(c/. Poliak, Collegium, 1913, 291) 

A. G. P. and E J. C. 

CHIAN TURPENTINE. A turpentine 
derived from Pistacva Terebmthua Linn. 

CHIASTOLITE v. Andalusite. 

CHICA RED and CARAJURA. These 
are rare pigments prepared by the Indians of 
Central America from species of Biynonia which 
are very siradar in appearance and may contain 
as a basis the same colouring matter. According 
to Crookes ('* Dyeing and Calico Printing,” 
1874, p. 388) chi 'a is obtained from the leaves of 
the Btgnoma Chica, which the Indians bod with 
water, and add some particles of the bark known 
as “ aryane ” to the decanted liquid, which 
causes tbo precipitation of the colouring matter 
An interesting r6sum6 of what is known of chica 
and similar preparations is given by Holmes 
(Pharra. J. 1901, 12, C95). Lee (J C.S. 1901, 79. 
284) describes the preparation of a pigment from 
the heartwood of ih^noma Ttcema. 

Erdmann (Jahresbcr 1637, 487) isolated a 
colouring matter from an alcoholic extract of a 
specimen of chica red said to be denv cd from the 
leaves of the B. chica, and assigned to it the 
formula C,H,Oj. 

The colouring matters present in carajura 
have been studied by Perkin (Proc. Chem. Soc. 


EXTRACT. 

1914, 30, 212) and Chapman, Perkin and 
Robinson (J.C.S. 1927, 3015). The sample con- 
sisted of dull red fragments possessing a 
peculiar caraphoraeeous odour, was insoluble in 
water, alcohol and dilute alkalis, and contained 
approximately 4% of colouring matter as calcium 
or magnesium lake, 23% of peaty matter, per- 
haps “ aryane," a wax, and a resin in Bmall 
relative amount. The mineral matter as ash 
(38%) consisted mainly of lime, magnesia and 
silica, together with some potassium carbonate. 

The powdered carajura, after boding with 
benzene to remove wax, and digestion with 
dilute hydrochloric acid at 95°, was extracted 
with boding alcohol The residue obtained on 
evaporation was digested with boiling benzene, 
by which means carajunn, the mam colouring 
matter, was isolated. Subsequent extraction 
of the residue with boding acetone yielded a 
second colouring matter, carajurone, as an 
indistinctly crystalline scarlet mass. 

Carajunn, C, 5 H ? Oj(OH)(OMe),, garnet 
needles, m p. 205-207% is sparingly soluble in 
hot benzene and alcohol, more readily so m 
pyndine It dissolves sparingly in ddute 
aqueous caustic alkalis to orange-red solutions 
which become brown on keeping, but does not 
dissolve u boiling ddute aqueous ammonia 
(distinction from carajuretin). With alcoholic 
lead acetate carajunn gives a solution which 
slowly deposits pale red needles, whereas 
alcoholic feme chlonde gives a brownish violet 
solution which becomes brown on the addition 
of an excess of the reagent. Well defined, 
crystalline, orange red oxomum salts are 
obtained with acids, and from these the base is 
easdy recovered. Brommation of carajunn 
yields a compound, C,,H,jO s Br 4 or 
C,,H H OjBr 4 . orange needles, which is 
apparently both a hydrobromide and a per- 
bromide ; on treatment with boding acetone it 
is changed into dibromocarajunn, C 17 H n O s Br s , 
bright red needles. These bromo-denvatives do 
not melt, but become carbonaceous powders at 
300°. 

In many respects carajunn resembles the 
anhydrohydroxybcnzopyranol bases prepared 
by Bulow and his collaborators. The coloured 
anhydrohydroxybenzopyranols have frequently 
been found to yield colourless derivatives of 
hydroxybenzopyranols, and by acetylation of 
carajunn a colourless Inacetyl denvative, m p. 
142°, of by drated carajunn is obtained. Further, 
fusion of carajunn with caustic alkali affords 
p-hydroxybenzoic acid, whilst by boding with 
concentrated aqueous potassium hydroxide, p- 
acetylanisole is produced. 

Demethylation of carajurm with hydriodic 
acid gives carajuretin hydnodxdt, C, 5 H n O«l, 
which has the composition and properties of a 
tetrahydroxyflavylium iodide. Its constitution 
was established by the synthesis of scutellarein- 
idm chlonde : 


Cl 




CHICK PEA. 
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which proved to be identical with carajuretin 
hydrochloride. 

The action of cold pyridine on carajuretin 
hydriodidc leads to the formation of carajuretin, 
C,,H, 0 O v scarlet needles which become black 
at 330° without melting. With acetic anhydride 
and pyridine in the cold a colourless penla- 
aceiyl derivative, m.p. 156°-157°, of hydrated 
carajuretin is obtained. 

In considering the structure of carajurin 
there arc four possible arrangements differing 
only in the position of the substituents in the 
trihydroxybenzcnc nucleus : 




Of these (II) and (HI) are tautomeric and 
would yield the same hydrochloride. The 
synthesis of this hydrochloride, however, proved 
that it was not identical with carajurin hydro- 
chloride. The choice between (I) and (TV) 
cannot yet be made definitely, but (I) is prefer- 
able on account of the colour and stability of 
carajurin. 

Carajurone, m.p. 183°-186° (decomp.), dis- 
solves in aqueous sodium carbonate to a 
brownish-red solution, the colour of which is 
neither so intense nor so persistent on dilution 
as that obtained from carajurin under similar 
conditions. The ferric chloride reaction closely 
resembles that given by carajurin ; alcoholic 
lead acetate gives a maroon-coloured precipitate. 
The substance combines with strong acids form- 
ing oxonium salts, and there can be little doubt 
that it is a carajuretin monomethyl ether. 
The perceptible odour ofp-acetylanisole observed 
on boiling a solution of carajurone in con- 
centrated aqueous sodium hydroxide indicates 
that the methoxyl is in position 4'. 

Dyeing Properties . — Carajurin and carajurone 
dye mordanted fabrics in almost identical shades, 
whereas those given by carajuretin are somewhat 
yellower. The following comparative results 
were obtained on mordanted wool : 



Chromium. 

Aluminium. 

Tin. 

Iron. 

Carajurin . . 

Deep maroon 

Dull brownish-red 

Bright scarlet 

Deep violet- 
maroon 

Carajurono 

Deep maroon 

Dull brownish-red 

Dull scarlet 

Deep violet- 
maroon j 

Carajuretin . 

Brown 

Dull brownish- 
orange 

Brownish-scarlet 

Brownish-maroon j 

1 

1 


A. G. P. and E. J. C. 


CHICK PEA. An annual legume, Cicer 
arictinum, extensively grown in India, where 
it is known as Bengal grain, and in the Mediter- 
ranean countries. Tho seeds form a valuable 
food for cattle, or, after removal of the husks, 
for man. They are boiled and eaten as a 
vegetable or in some countries arc roasted and 
used as a coffee substitute. A preparation of 
roasted chick peas forms an important food 
substance ( Lcblcliji ) in Bulgaria. In India 
the young leaves are sometimes fried in oil. 

Tho chick pea plant differs from the majority 
of common pea species in possessing numerous 
glandular hairs which secrete acid material 
consisting mainly of citric, malic and oxalic 
acids (G. R. Milne, J. Rov. Tech. Coll., 1934, 3, 
330). 

Average analyses of chick peas and of 
Lcblcliji by Zlntnroff and Stoikov (Z. Unters. 
Nahr.-Gcnussm. 1913, 26, 242) are : 

. "o 

O -5 

x £ 

Chick 

peas 10-47 22-6 5-08 56-14 49-33 3-09 2-8S 
Lcblcliji . 6-14 24-8 6-09 6S-0 57-99 2-21 2-73 



The composition of tho dry matter of stems, 
leaves, and seeds according to Passerini (Staz. 
sper. agr. ital. 1891, 21, 20) is : (as percentages) : , 



Protein. 

Fat. 

Other 

Ccllu- carbo- 
lose. hydrates. Ash. 

Nitro- 

gen. 

Stems 

6-35 

1-8 

35-0 

49-0 

7-81 

1-62 

Leaves 

14-21 

4-1 

13-9 

58-9 

8-83 

2-27 

Seeds 

26-20 

5-2 

1-7 

63-6 

3-30 

4-19 


The nitrogen distribution of seeds examined by 
Zlataroff (Z. Unters. Nahr.-Genussm. 1916, 31, 
180) is given as : total nitrogen 3-34, protein 
nitrogen 2-11, nuclein nitrogen 0-10, ammoniacal 
nitrogen 0-10, peptone nitrogen 0-007, amido- 
nitrogen 0-01, amino-nitrogen 0-12. Ivanov 
(Bui. Appl. Bot. Leningrad, 1933, IH, No. 1, 3) 
observes a very wide range of protein content 
depending on growth conditions. Extreme 
values were 12-3% and 31-5%, the lowest 
occurring in soils from which the specific 
nodule bacteria were absent. The composition 
of tho globulin of cluck peas is shown by 
Nnrayana (J. Indian Inst. Sci. 1930. 13, A, 153) 
to be : 








Tryptophan 

Arginine 


Small amounts of ad»n 


. 041 

110 3 (van SI) he) 

(12 1 (direct) 


betaine, and cholxne 


CHICK PEA, 

_, r for the detection of common adulterants, e g. 
| ground sugar beet or artichoke. Winter Blyth 
quotes the following for fresh roots : 


were detected by Zlataroff, who also records the 
nature of the phosphorus compounds as 

Protein— P.O, 0 486 

Lecithin 0*142 

Soluble organic 0 244 

Inorganic . 0 118 

Total P,O s . 0 90S 

The eeeds also contain appreciable amounts of 
mosite and ph) tm 

The fat present in the seeds has the following 
characteristics sp gr at 15° 0 9396-0 9376, 
solidifying point —19 5°, nj,® 1 4744, sapomfica 
tion value 210, the acid number of the crude 
fat la 0 3 to 0 3, iodine \alne 110-119, Reichert- 
Meissl value 4 51, Polenshe valuo 1 1, Hehner 
value 91 6, ester value 239 5, unsapomfiable 
matter 0 4S% The separated fatty acids have 
m p 25°, iodine value 129. 

ZlataroEf (2 e ) records the presence of 0 3% 
of a sterol slanutosterol (acetate, m p 128°) 
Fassenni (I c ) gives the composition of the ash 
as- K.O 24 6, Na.O 129, CaO 4 45, MgO 
19 98, FejO. 2 42, P,0 , 39 56, SO. 3 38, 
SIO, 2 85, and Cl 0 71%. 

A G. Po. 

CHICLE. Chicle or chicle gum, as it is 
often termed, is the thickened latex of a Mexican 
tree, AcArat Zapata It is used to a considerable 
extent in the manufacture of chewing gum. The 
commercial article is a mixture of water soluble 
gums resins, and mineral matter. Pvochaiha 
and Endemann (Phann. J. 1879, 9, 1045, 1065) 
give the following analysis of a clean sample of 
chide 


Cellulose 

Gummy Glu- Bitter ex- lnulin and 
XTster matter cose, tractive. Fat. fibre Aen. 

77 0 7*5 1 1 4 0 0 6 9 0 0 8 

Earlier analyses by Slayer (Bied. Zentr. 18S5, 
828) give : 


72 1-1 0 2 12 0 14 5 6 0 5 14 
to to to to to to 

77 173 1 8 60 015 19 

i During the roasting process there is considerable 
[destruction of mulin and the roasted product 
contains increased proportions of reducing 
I sugars together with dextrin and caramel. 
Pctermann found pure roasted chicory to con 
tain 

Water-soluble material (74 2%). 


16 3 26 1 9 6 3 2 16 4 

Water insoluble material (25 S%). 
Protein Fat Cellulose. Art 


Soluble in Water 
Fluavil 

Hydrocarbons soluble 
in ether 

Hydrocarbons insoluble 
in ether . 


25 00 (gum and 

mineral salts) 

33 75 


12 7 


E. J. P. 

CHICORY. CUhonum Inlybue In addi- 
tion to the widespread use of the ground 
roasted root for admixture with coffee, the 
green plant .self forms a serviceable food, and 
the y ring -ecn leaves, blanched by growing in 
reJlarr or corenng with soil in the open, 
used taw « & salad or boiled and eaten s 
vegetable — the French endive. 

Complete analyses of chicory are seldom 
reported, the majonty of published data relates 
to partial analyses, which may serve to deter- 
mine the composition of coffee-chicory mixtures 
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57 


12 3 


An approximate determination of the compo'i 
t ion of mixtures of coffee and chicory may be 
made, according to Lee body, on the basis that 
the tinctorial power of chicory is roughly three 
times that of coffee. 

The characteristic odour of roasting chicory 
has been examined by Reichatem and Beitter 
(Ber. 1930, 63, [B], 816), who record that the 
volatile matter produced contains acetaldehyde, 
acetone, diacetyl, fiy iliketopentane, furfuralde- 
hyde, 5-hydroxymetbyl furfuraldehjde, majtol, 
furan, methyl and furfuryl alcohols, acetic, 
pyruvic, lactic, pyromucic and palmitic acids, 
together rrith traces of phenols end a neutral 
oil. These substances may be regarded as 
derived from carbohydrate materials Tho 
large proportions of furfuraldehyde and hydroxy- 
methyl furfnraldehyde which are derived from 
rnulin, together with the absence of volatile 
nitrogen and sulphur compounds, form a 
marked contrast with the products obtained 
during the roasting of coffee. Hehner and 
Skertihly have suggested the determination of 
furfuraldehyde (as a measure of pentosans) for 
detecting the presence of chicory in coffee. 
The pentosan content of coffee is 5 0-5 5%, and 
that of chicory 2 5% (Analyst, 1899, 24, 178). 

During storage of chicory roots inulra is 
partially converted into mulide, and possibly 
into other more easily fermentable products. 
Wolff and Geslrn indicate the presence in the 
roots of an enzy me which effects the transforma- 
tion • inulin -*■ inulide fructose (Compt. rend. 
1917, 165. 651 ; 1918, 166, 428). This change 
may be brought about in a quantitative manner 
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by heating at 80°-100°, or in an autoclave, 
with appropriate amounts of mineral acid, 
(Bobkov, Z. Spiritusind. 1036, 59,-97, 239, 247). 
In another investigation Wolff (Compt. rend. 
1910, 164, 514) records that the roots contain a 
substance (probably an enzyme) which he terms 
i 'nulo-coagulase, which coagulates inulin in the 
expressed juice. Its action is apparently 
specific for inulin. 

The bitter principle of chicory is probably 
a glucosido of fructoso and pyrocatechuic 
aldehyde (Grafe, Biochem. Z. 1915, 68, 1). 
Zcllner and Richling (Monatsh. 1926, 47, 695), 
in examining the juice of roots, give the formula 
Cj„H. 0 O|, to the bitter substance, and also 
report the presence of a stearin, mannito and 
tartaric acid. Wolff also described (1899) an 
optically inactive sugar which ho named 
et/nanthrose. Grafo (Beitr. Biol. Pflanz. 1935, 
23, 336) stntes that a glucosido occurs in 
chicory in which inulin functions as the carbo- 
hydrate. 

Botaino and cliolino occur in small amounts in 
chicory and aro not affected by the roasting 
process. Adulteration of chicory with sugar 
beet (which contains approximately seven 
times the quantity of betaine) is thus easily 
delected (Vondrak, Zcntr. Zuckerind Czeeho- 
slov. 1929, 53, 366). A microscopical method for 
this purposo is based on tho occurrence of 
crystals of calcium oxalate in certain colls of 
Bugor boot examined after removal of colouring 
matter by repeated washing with sodium 
hypochlorite solution (Collin, Ann. Falsif. 1916, 
9, 271). 

Tho presence of chicory in coffco may bo 
ascertained by determination of tho cupric- 
reducing power of tho extract. Roasted coffco 
contains i-9-2-0% and roasted chicory 25-27% 
of reducing sugars. 

Tho sp.gr. of extracts also offers a means of 
detecting adulteration in many cases ns tho 
following values for the sp.gr. of infusions of 
various materials with ten times their weight of 
water indicato : 


Spent tan T00214 

Acorns 1-00730 

Peas 1-00730 

Mocha coffco 1-00800 

Ceylon coffco 1-00870 

Java coffco 1-00870 

Costa Rica coffco .... 1-00900 
Nativo Coylon coffee . . . 1-00900 

Brown malt 1-01090 

Black malt 1-02120 

Dandelion root .... 1-02190 

Red beet 1-02210 

Yorkshire chicory . . . 1-01910 

Foreign chicory .... 1-02260 
Guernsey chicory .... 1-02326 

Mateo 1-02530 

Bread raspings .... 1-02030 


(quoted by Wyntcr Blyth, 


“Foods,” p. 300). 


Tho percentage composition of tho ash of 
chicory roots and leaves is ns follows : 

K,0 NijO HtO CiO Fe„0, P s O t SO, SIO. Cl 
Root 40-4 7-7 6-3 8-7 3"-0 14-2 9-0 6-0 3-7 
Leaves GO O 0-7 3-214-3 — 9-0 9 0 1-0 1-7 


Wynter Blyth (“Foods,” pp. 359, 1909) gives 
as the main differences between the ash of coffee 
and of chicory, the following : 



Coffee ash. 

O/ 

Chicory ash. 

O' 

Silica and sand 

✓o 

10-7-35-9 

Carbon dioxide 

14-9 

1 -8-3-2 

Ferric oxide 

0-44-0-98 

3-1-5-3 

Chlorine .... 

0-26-1-1 

3-3^-9 

Phosphorus pentoxide 

100-11-0 

5-0-6-0 

Soluble ash . . 

3-0 

1-74 

A. G. Po. 


CHILE SALTPETRE. Sodium nitrate. 

CHILLIES v. Capsicum. 

CHINA CLAY or KAOLIN v. Clay. 

CHINA GRASS. Ramie, Rhea. This fibre 
is obtained from the stem of a plant of the 
Qrticaccaj, which grows to the height of 4-8 ft. 
and in general character resembles the common 
nettle, Urlica dioica Linn., but is devoid of 
stinging hairs. Tho plant oxists in two varieties, 
(1) Boehmeria nivea Gaudich., which bears 
short, silvery hairs on tho lower surface of tho 
leaves, and (2) B. nivea var. tenacissima, 
the leaves of which are green on both sides. 
Tho formor variety is cultivated chiefly in China 
and Formosa under the name of “ ch’ii-ma ” or 
“ tchou-mn,” whilst tho latter occurs in more 
tropical countries, Buch as the islands of the 
Malay Archipelago, where it is known as 
“ rhea.” The Indian form has been sometimes 
regarded as B. nivea var. tenacissima, but Sir 
George Watt nffirmed that it is of tho same 
varioty as tho Chinese plant. Tho cultivation 
of tho plant in China is carried on chiefly in tho 
valleys of tho provinces of Hunan, Hupeh, 
Kiangsi, and Szechucn. 

Tho fibre resides in the inner bark or bast 
tissue of tbo Btem. The methods of extraction 
differ widely from those used in tho case of flax 
and hemp as tho encrusting substances aro not 
removed by a retting process but by chemical 
means. Tho commercial “ China grass ” is 
prepared in China by hand. Tho bark is peoled 
from tho stems and the outer brown skin or 
pellicle removed from it by scraping and washing. 
Tho process is tedious, tho production of a few 
pounds of the scraped ribbons constituting a 
day’s work. In these ribbons tho fibres are 
firmly embedded in a gummy substance of a 
pectinous nature which must bo removed to 
obtain the “ filasse ” or pure fibre ready for 
spinning. This operation, termed “ degum- 
ming,” is not carried out before export, but is 
effected subsequently by chemical treatment. 
Tho process is designed to dissolvo and wash 
out the gummy substances without attacking tho 
cellulose ; at the samo time, the fragments of 
brown pellicle still adhering become detached 
and aro removed by washing. On account of tho 
danger of the fibre becoming injured by tho 
degumming treatment, spinners usually prefer 
to buy tho fibre in the form of ribbons of hand- 
cleaned China grass and degum it by their own 
process. Many different processes havo been 
devised and aro usually guarded as trade 
secrets. Tho following will, however, serve to 
indicate the kind of treatment to which tho 
matorial is subjected. Tho ribbons, after boiling 
in dilute caustic soda, are exposed to tho action 
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of a solution of bleaching powder, and then 
immersed in a bath of dilate acid, the last two 
processes being repeated until the whole of the 
gum has been extracted and the white, lustrous 
filasse obtained. 

Yield . — From two to four or even six cuttings 
Of ramie stems can be obtained annually accord- 
ing to the climatic and other conditions of the 
locality m which the crop is grown. It is 
estimated that from two enttings the yield of 
fresh stems per acre amounts to 15-20 tons, 
Riving j-1 ton of dry scraped ribbons The 
nbbons furnish about 50% of their weight of 
degummed fibre or filasse, and hence the yield 
of filass e per acre amounts to approximately 
7$— lOcwt per annum. 

Characters, Uses and Composition . — Ramie 
fibre is ono of the strongest known. It 13 
extremely durable and is said to be less affected 
by moisture than any other fibre, but it is some- 
what lacking in elasticity. The fibre has 
brilliant, silky lustre, can be dyed readily, and 
exceptionally long. The filasse consists of 
isolated ultimate fibres or small groups of fibres 
"The ultimate fibres vary from 75 to 400 mm m 
length and from 0-02 to 0 075 mm in diameter, 
the average diameter being about 0-0375 mm. 
Or about twice as great as that of cotton fibre. 
The fibres taper towards each end, bnt the ends 
themselves are rounded. They are thick-walled, 
have a well marked lumen, and bear longi- 
tudinal atnationa and occasional transverse 
markings The fibre substance consists of non- 
lignified cellulose 

It baa been suggested as the result of a study 
of ramie by X ray methods that the ultimate 
fibres are composed of chains of long, thin, sub- 
microscopic crystals which he roughly parallel 
to the fibre axis. These crystals are estimated 
to be approximately 0-075^ long and 0 005p 
thick face IV. T Astbury, “ Fundamentals of, 
Fibre Structure " (1933), and G. F. Davidson, 
J. Text. Inst 1936, 27, P144) 

China grass is used extensively in China for 
the manufacture of fabrics known as “grass- 
cloths ’’ In Europe the fibre ia woven into goods 
of various descriptions, such as lace, curtains, 
tablecloths, counterpanes, plushes and even 
clothing materials It has been used successfully 
ill combination with wool for the production of 
certain classes of fabrics and has also found an 
outlet in the manufacture of mantles for 
incandescent gas lighting. 

CHINA INK or Indian Ink consists of lamp- 
black made into a paste with animal or fish glue 
and dried in the form of cakes or sticks of paint. 

CHINA-STONE. A granitic rock having 
its felspathic constituent more or less decom- 
posed, but not completely haolinised, and with 
an absence of coloured minerals, such as biotite 
and tourmaline. As the felspar still retains 
Part of its alkali, and as some micaceous mineral 
» generally present, the stone is fusible ; hence 
it is largely used in the manufacture of porce- 
hun, and when free felspar is not introduced 
it forms the only vitnfiable constituent of the 
paste. China stone is sometimes known, as 
“ Cornish stone " in consequence of its being 
largely quarried in Cornwall, where it was dis- 


covered by W. Cookworthy of Plymouth, about 
1750. He first noticed it at Tregonmng Hill, 
near Breage, and described it under the local 
name of '* growan ” or “ moor-stone.’’ It is now 
obtained principally from the neighbourhood of 
St. Stephens near St. Austell, f n th& area 
it occurs as a local modification 0 f the granite, 
and is sharply marked off fr Dm the normal’ 
granite and from the china-cl a y rock. It is 
too hard to be worked like the china-clay rock, 
and has to be blasted and quarried like ordinary 
granite ; in fact it has been Used locally as a 
building stone. The rock requires n( , pre- 
paration, but is sent direct fi oln the quarry 
to the potteries. (For an account of the occur- 
rence of china-stone in Cornwall, gee Mem. GeoL 
Surrey, Bodmin and St. Austefj district, 1909; 
and the Handbook by J. A. Howe, quoted 
below.) 

The following commercial varieties are 
recognised s 

1. “ Hard purple,” a hard, w) u t e rock with a 
faint purplish tinge due to the presence of 
fluorspar. 

2. “ Soft ” or “ mild purple,’ 1 similar to the 
last, but softer. 

3. “ Dry white stone," a soft, *hite vanety. 

4. “ Buff stone,” similar to tbi e last, but iron 
stained. 

The following analyses by \y, pollard and 
E. G. Radley are given by J. a. Howe, “A 
Handbook to the Collection of Kaolin, China- 
clay and China stone m the Mus* um 0 f Practical 
Geology," London, 1914. 1. “Hard purple" 
china-stone from Goonvean, near St. Stephens; 
n “ Buff ” china stone from th e same locality ; 

. China stone from Jersey (“ j er8 ey stone ”). 
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Jersey stone is a decomposed Pirtlyknolinisod 
granite quarried in Jersey. Gn, m te-pegmatite 
in France ; gramte-aplite at Meldon, near Oke- 
hampton, Devonshire; porphyry e in Saxony; 
lipante in Japan; and felsite iij China are all 
rocks that are applied for the eanj e purpose. 

It has been proposed by J. H. ^ollms (“ Hens- 
barrow Granite district," Truro, 1878) to dis- 
tinguish china stone under the »ume petunzite, 
a word suggested by the Chinese pe-tun tse. Jn 
the early part of the 18th century a Jesuit 
missionary named D’ EntrecoUcg, residing at 
Kmg-te-chin, sent to R&iumur, it, pans, samples 
of the raw materials used in Chin a . These were 
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the first specimens of their kind that had ever 
reached Europe, and they led to the foundation 
of the manufacture of porcelain at Sfevres. The 
china-stone was described by D’Entrecolles as 
pe-tun-tse, and the china-clay as kaolin ; but it 
appears that the former name, if not both, must 
have been erroneously applied. According to 
the Chinese scholar, Stanislas Julien (Hist, et 
Fabric, do la Porcel. Chin. Paris, 1856, preface 
xx.), pe-lun signifies “ white paste,” while tse is 
mciely a diminutive applied to the material 
when worked up into small cakes. Hcnco, pe- 
tun-tse is really the name of small blocks of 
white clay or prepared paste, and not of the 
granitic rock. Nevertheless, custom in this 
country has justified the use of the term 
pe-tun-tse ns synonymous with china-stone. 

L. J. S. 

CHINA WOOD O I L, nut oil, synonyms for 
lung oil. 

CHINAPHENIN, QUINAPHENIN. 

Quinino carbophenctidc, 

CjoH^ONj-O-CO-NH-CflH^.OEt. 

CHINEONAL. Quinine diethylbarhituratc. 
Sedative and antipyretic. 

CHINESE BLUE. (Gcr., Porzcllanblau.) 
Several pigments arc sold under this name, of 
which the following aro examples : ultramarine 
and flake white ; cobalt blue and white lead ; 
and a doublo cyanide of iron (Prussian blue). 

CHINESE GREEN or LOKAO v. Lokao. 

CHINESE RED v. Austrian Cinnabar. 

CHINESE VEGETABLE TALLOW, 
Stlllingia tallow, is the hard fat which coats 
the seeds of tho Chineso tallow tree, Stillingia 
sebifera Michx. (syn. Stillingia sinensis, Croton 
sebiferus L., Sapiurn sebiferum Roxb., 
Eiccecaria sebifera F. Midi. Fam. Euphorbia- 
ccaj), a tree growing wild, and also largely 
cultivated, in China, Indo-China and Northern 
India. Plantations havo recently been developed 
in Florida and Texas. In Tonkin, the tree is also 
valued for its leaves, from which a decoction is 
prepared for dyeing Bilk. Tho fruit capsule 
contains three oval seeds surrounded by a mass 
of tho truo vegetable tallow. This “ tallow " is 
to bo distinguished from the oil obtained from 
tho seeds (kernels) themselves, known as 
stillingia oil or locally ns “ tsd-tidou ” or 
“ ting-yu,” which is a liquid drying oil. The 
tallow may ho scraped off tho seeds by passing 
them between fluted rollers, or may be melted 
oil by steaming the seeds in perforated cylinders. 
The product is pressed into cakes in native hot 
presses, and sold under tho Chinese name of 
“ pi-idou " or “ pi-yu,” and is known in Europe 
ns “ prima vegetable tallow.” According to 
another process, tho seeds and tallow arc crushed 
together, giving n mixture of tho tallow and 
stillingia oil, known as “ mou-idou ” or, to 
European cnndlcmakers, as “ secunda vegetable 
tallow ” ; this product is naturally much softer 
and has a lower melting-point and much higher 
iodino value. 

When fully developed, tho tree yields 25-30 
kg. of fruit a year; the fruit yields about 30% 
of secunda or 15% of prima tallow. The cake 
is not suitable for cattle food, as it contains a 
saponin ; in Chinn it is used as a fuel. 

Yol. ITT. — 3 


The properties of the tallow vary considerably 
according to the source. The refractive index 
is 1-4546-1-4556 at 40° ; the saponification value 
varies from 197 to 215, and the iodine value 
from 19 to 32. Considerable quantities of free 
fatty acids may be present ; thus Hilditch 
and Priestman (J.S.C.I. 1930, 49, 397) found 
as much as 25% in a specimen from the 
United States. They analysed this sample, and 
also two less pure Chinese specimens, and found 
the fatty acids to consist of 57-69% palmitic, 
21-34% oleic, 3-6% myristic, and 1-3% 
stearic acids. The tallow contained about 
25-35% of fully saturated glycerides (largely 
tripalmitin), and over 60% of mono-oleo-di- 
saturated glycerides (chiefly oleo-dipalmitins). 

The solidification temperature appears to vary 
greatly, being usually about 38°C., but samples, 
probably impure, have been stated to solidify 
at 24°C., whilst the American sample examined 
by Hilditch set at 48-2°C. 

Exports of Chinese vegetable tallow from 
Hankow to Europe and the U.S.A. amounted to 
5,000-6,000 tons in 1923-25, but havo greatly 
diminished since that time, and none has been 
imported into England for some years prior to 
1938. A large proportion of the production is 
consumed in China for the manufacture of 
candles ; the total exports from Hankow were 
17,800 tons in 1917, and 8,200 tons in 1931. 
In Europe vegetable tallow was chiefly used in 
the candle nnd soap industries ; its value as a 
confectionery fat is uncertain (c/. Diedrichs, 
Z. Enters. Nahr.-Genussm. 1914, 27, 132). 

J. L. and E. L. 

CHINESE YELLOW {King’s yellow). A 
mineral pigment owing its colour to the presence 
of hydrated ferric oxide. 

CHINIOFON. Iodohydroxyquinoline- 
sulphonic acid mixed with sodium bicarbonate ; 
antiseptic for the treatment of amoebic dysen- 
tery. 

CHINOFORM. Trade name for quinine 
formate. 

CHINOSOL or QU1NOSOL. Trade 
name for the potassium salt of 8-hydroxy- 
quinoIine-5-sulpbonic acid, 

c 9 h 6 noso 3 k,h„o, 

a pale-yellow crystalline powder with a safiron- 
like smell and a burning taste ; m.p. 175°-177-5° ; 
readily soluble in water, sparingly soluble in 
alcohol, insoluble in ether ; with ferric chlorido 
gives an intenso green colour, yellowish needles 
with copper salts, and a white precipitate with 
barium chloride. At a concentration of 1 in 
1,000 its solutions possess as great a bactericidal 
action as mercuric chloride solutions of the samo 
strength. An antiseptic and disinfectant. 

CHINOTROPIN or QUINOTROPIN. 
Trade name for urotropino quinate. 

CH I NOVOSE r. Carbohydrates. 

CHINQUAPINS v. Chestnut. 

CHIOLITE. A doublo fluoride of aluminium 
and sodium, 3AIF 3 - 5NaF, closely akin to cryolite 
[AIF 3 -3NaF], but crystallising in the tetra- 
gonal system. Found at the Hmen Mountains 
in the southern Urals and with cryolite in 
Greenland. 


L. J. S. 
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CHIOS TURPENTINE RESIN. The 
name Chios turpentine is, properly, restricted 
to the oleo ream from species of piitacia, al- 
though turpentine from some of the larches is 
often termed Chios turpentine. It is similar in 
character to ordinary turpentine oleo resin. 
Emmanuel (Pharm. Acta Heir. I935, 10. 12) 
isolated from the resin of Ptttacia Terebmlhus, 
terminthic acid, C 1 ( H j 0 Oj. m p. 136®— 137° ; 
terminthmic acid, Ci|Hj(0 ( , m p. 124°; 
termintholic acid, C 13 H u 0 4 , m p. 102®; and 
terrointholinic acid, C,,H al O v tup 128®. 
These acids ha\ e not y et been characterised by 
the preparation ofcrjstafhne derivatives 

Chios turpentine w ' unable ui composition, 
and its characters depend entirely on the relative 
proportions of essential oil and resin 

E. J. P. 

CH I R ETTA. CAirata. B P. Is the plant 
Stctrtia Chirata Buch — Ham collected when in 
flower and dried Japanese chiretta is Swertia 
chmtnsis Franchet H6hn (Arch. Pharm. 1869, 
21S) found two bitter constituents in Indian 
chiretta, viz chiratin and ophehc acid. 

CHITENINE, QUITENINE. An oxida 
tion product of quinine, found in the urine 
after the administration of quinine Crystallises 
from dilute alcohol m prisms, m.p. 281®-282®, 

M" 

CHITIN. [a] D -14 7° (in cone HC1) Isa 
poly saccharide containing nitrogen which forms 
part of the skeletal substance of insects and 
Crustacea?, it is also an important skeletal 
element in the fungi It is not possible to 
distinguish between animal and vegetable chitin 
by total nitrogen or by X ray analysis , their 
chemical identity has been shown by Zechmeister 
and Toth (Z physiol Chcm 1934, 223, 53). 

Chitin is extremely resistant to hydrolysis, 
but on boiling with concentrated hjdrochioric 
acid it is converted into 1 mol of glucosamine 
(2 ammoglucose) together with 1 raol of acetic 
acid 

It is considered by Meyer and Mark (Ber 
1928, Cl. [B], 1930) to be built up of Jf acetyl 
glucosamine units in /? gIucosid» c linkages 
exactly as in ctllulose. 

Korrcr and Hoffman state that an e n zyme from 
the vineynnf snail 19 a life to hydrolyse chitin 
(llclr Chim Acta, 1929, 12. 616, 986). the 
end product being acetylglucosamme 

By acetoljsis of chitin with acetic acid in 
sulphuno acid, Bergraann ef al (Bcr 1931, 64, 
(B], 2436) obtained the octa-acetate of a di- 

sacchande chitobioae 

Zechmeister and Toth (Ber 1931, 64, [BL 
2028, 1932, 65, [B], 101, 1700) obtained in 
addition a chitotnose and an amorphous water 
soluble chitodextnn. 

The It&ntgen diagram (Meyer, Helv. Chim. 
Acta, 1935, 18, 589) also confirms the structure 
as being of the long chain cellulose type. It 19 
not known whether the glycoside linkage is a 
or/?. 

E F. A. 

CHIT1NASE, tho enzyme which hydrolyses 
chitin, was discovered by Karrer and Hoffmann 
(Helv. Chim Acta, 1929, 12, 616) m the digestive 
juices of It tin It attacks genuine chitin 


only slowly, but after solution in concentrated 
hydrochloric acid, and separation by pouring 
into water, the chitin 19 easily hydrolysed. 
iV-Acetylglucosamine is the final product alike 
from chitin of animal and fungal ongm; 
chitodextnns are intermediate products. Chiti- 
nase is not the same as eraulsin ; it has, how- 
ever, been obtained from the outer part of 
almonds free from /? glucosidase (Grassmann, 
Ber. 1934, 67, [B], 1 ; Helfcnch, Z. Physiol 
Chero 1933,221,253). 

It has also been obtained from Aspergillus 
oryzat and is obviously widely distributed. 
The optimal p B is 5-2; it a destroyed at 70°. 
Perhaps it is a mixture of tw o enzymes acting in 
succession. 

Chitinase is able to hydrolyse synthetic 
glycosides of A'-acetylglucosamine, for example, 
phenyl A’-acetylglucosamimde. It is quite 
without action on the non acetylated compound ; 
cbitosan is only hydrolysed as far as the poly, 
glucosamine stage, whereas acetylchitosan is 
totally hydrolysed by the enzyme. The acetyl 
group 13 thus essential for the enzyme to be 
active j it cannot be replaced by formyl or 
benzoyl. 

e. r. a. 

CHI TOS AMINE is glucosamine (2-amino- 
glucose) (a CinnN). 

CHIVES. Allium Schanoprasum, L. A 
perennial plant occurring naturally in many 
parts of Europe and cultivated for the round 
onion like leaves which are used for flavouring. 
The percentage composition of the leaves is 
given as . 

N free 

Water Protein Fat extract Fibre Ash 

91-2 2 6 0 33 3 09 1-48 128 

Churg and Ripperton (Hawaii Agric. Exp. Stat. 
Bull 1929, No. 60). The mineral constituents 
include Ca 0 018, Fe 0 0084, and P 0 057%. 

A. G. Po. 

CHLOANTHITE. Native nickel arsenide, 
NiA$,, isomorphous with smaltito (Co As,) 
there being no sharp line of demarcation 
between the two species. Found as cubic 
crystals and compact masses at Schneeberg in 
Saxony and Ricchelsdorf m Hesse, where it was 
formerly mined as an ore of nickel It occurs in 
considerable amount with silver ores at Cobalt 
and South Lorrain in Ontario. 

L. J. S. 

CHLORAL. TRICHLOR ACETALDE- 
HYDE, CCI, CHO. Chloral w as first obtained 
by Liebig (Annalen, 1832,1, 189) by chlorination 
of absolute alcohol. Its composition was estab- 
lished by Dumas (Ann. Chim. 1834, [u], 56, 125) 
and by Stadeler (Annalen, 1847, 64, 101). 

Chloral is manufactured by chlorination of 
absolute alcohol Chlorination is carried out in 
lead or lead lined vessels provided with a reflux 
condenser and a chlorine distributor taken to 
the bottom of the vessel, and so arranged that a 
maximum distribution of chlorine passes through 
the alcohol. The vessels, of from 400 to 1,000 
gallons capacity, are about two thirds filled 
with alcohol, three such vessels being arranged 
In senes so that any excess chlorine from the first 
vessel passes into the second and from the 
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second to the third in order to ensure complete 
absorption of the gas. The hydrogen chloride 
evolved during the reaction i3 absorbed in water. 
The initial reaction is vigorous and during the 
first stage tho temperature is kept as low as 
possible by efficient cooling. Chlorine is passed 
in at a rate which results in a liquid of approxi- 
mately 24°Be. at tho end of the first day’s 
run. During the next twenty-four hours the 
tcmpcraturo is raised gradually, heat being 
applied if necessary, to about 50 C C., and the 
density of tho liquid at the end of this period 
should bo from 35°— 10°B<5. Tho reaction is 
completed on the third day by increasing the 
tcmpcraturo to 95° and continuing the chlorina- 
tion until the density reaches 49°B6. A sample 
of the product at this stage distilled with an 
equal volume of concentrated sulphuric acid 
should indicate a yield of about 75% of chloral. 
The crude chloral alcoholato is allowed to cool, 
when it solidifies. It is then gradually mixed 
with an equal volume of sulphuric acid 66°Be, 
the mixture being kept cool. Tho temperature 
is then gradually raised. Hydrogen chloride is 
evolved, together with some ethyl chloride. 
Between 70° and 90° alcohol is recovered, and 
crude chloral passes over between 90° and 98°. 
Tho crude chloral is purified by redistillation 
over calcium carbonate, the portion distilling 
over above 94° being pure chloral. 

Other processes which have been suggested 
includo the chlorination of alcohol in the 
vapour phase (G.P. 133021), the chlorination 
of a mixture of acetaldehyde and alcohol (F.P. 
C1239G), and the chlorination of acetal (Reichert, 
Bailey, and Nicuwland, J. Amcr. Chcm. Soc. 
1923, 45. 1552). 

Chloral is a colourless, pungent liquid, b.p. 
97-7°. When puroitisstablo, butinthe presence 
of traces of impurities such as sulphuric acid it 
polymerises with production of mctachloral, a 
white amorphous solid. Tho samo product is 
obtained by the action of aluminium chloride on 
chloral (G.P. 139392). Jletachloral is in- 

soluble in water, alcohol, ether and acids, but 
soluble in sodium carbonate solution. On 
distillation at 180°-185° it is reconverted into 
chloral (Kolbc, Annalen, 1845, 54, 183). A water 
soluble polymcridc is obtained by treating chloral 
with pyridine or an amino in the cold and then 
acidifying. Alcohol and water convert it into 
chloral alcoholato and chloral hydrate respec- 
tively. Alkalis decompose it, giving chloroform 
and formic acid. 

Chloral Hydrate, CCI 3 -CH(OH),, is by 
far the most important derivative of chloral. 
It is prepared by tho cautious addition of tho 
requisite amount of water to chloral, overheating 
of the mixture being avoided. It is purified by 
crystallisation from benzene, chloroform or 
light petroleum. To obtain the hydrate in tho 
form of cubes or plates rather more water is 
added than is theoretically necessary, the 
mixture thoroughly shaken until cold and the 
mass of crystals poured on to porcelain dishes 
and dried over sulphuric acid in vaeuo. 

Chloral hydrate occurs in colourless crystals 
m.p. 50°-5S°, with a pungent odour and bitter 
taste, and is readily soluble in water, alcohol, 
chloroform, ether and oils. 


Chloral hydrate is very largely employed in 
medicine as a hypnotic and is official in most 
pharmacopoeias. It is of special value in simple 
nervous insomnia, delirium tremens, and certain 
forms of insanity. It is also a powerful deo- 
dorising and antiseptic agent. By itself, or in 
concentrated solution, it may be used ns a 
vesicant. The toxic effects produced by over- 
doses of chloral hydrate are a fall of temperature 
and slow and enfeebled respiration. 

Chloral Formamide, Chloralamide, 
CjHjOjNCIj, is prepared by gently heating 
chloral and formamide in equimolecular pro- 
portions. On cooling the melt sets to a solid 
mass which is recrystallised from water or 30% 
alcohol. It forms colourless crystals, m.p. 
114°-115°. It is soluble in water (1:20) and 
very soluble in alcohol, ether and acetone. 
It is not decomposed by acids, but when warmed 
with dilute alkalis is decomposed, yielding 
chloroform, ammonia, and formic acid. 

Chloral formamide is a somewhat slower 
acting hypnotic than chloral hydrate and is 
especially useful in the insomnia of cardiac 
disease, since it has not the depressant action 
of chlora 1 on the heart. It is also used in com- 
bination with potassium bromide as a remedy 
forsea sickness. 

Glucochloral, Chloralose, C 8 H, 1 O c CI ; i , 
obtained by heating chloral and glucose in equal 
parts on the water bath, forms crystals, m.p. 
185°, is a hypnotic and sedative. An isomeric 
product, parachloralose, produced at the same 
time is devoid of hypnotic properties. 

Butyl Chloral, Trichlorbutyric Alde- 
hyde, CH 3 -CHCI-CCI 2 -CHO, is prepared by 
passing dry' chlorine into aldehyde or paralde- 
hyde at about —10° until the aldehyde is 
saturated. The temperature is then gradually' 
raised to 100°, chlorine being continually' 
passed in until chlorination is complete. The 
resulting liquid is diluted with water and then 
distilled in a current of steam, when the hydrate 
passes over. The hy’drate is recrystalliscd from 
water and on distillation in a stream of hydro- 
gen chloride tho pure chloral is obtained (Pinner, 
Annalen, 1875, 179,26). It is a colourless oil with 
a characteristic odour, b.p. 104°-165°/750 ram. 
sp.gr 1-3956 at 20°/4°; fuming nitric acid 
converts it into trichlorbutyric acid. It readily 
combines with water forming the hydrate. 

Butyl Chloral Hydbate, 

CH 3 -CHCI'CCI : -CH(OH) 2 , 

is prepared by mixing butyl chloral with about 
onc-ninth its weight of water and recrystallising 
the solid mass so formed from boiling water. 
It forms white trimetric plates with a pungent 
but not acrid odour and a nauseous, bitter taste. 
It melts at about 78° and resolidifies at about 
71°. It is soluble in about 40 parts of water, 
very readily soluble in alcohol, ether and 
glycerine, less readily in chloroform and olive 
oil. Butyl chloral hydrate resembles chloral 
hydrate in its action, but is a weaker hypnotic 
and hns a more pronounced depressant action on 
the heart. It is chiefly employed in combina- 
tion with camphor, phenazone or gelsemium as 
an analgesic in cases of neuralgia and migraino. 

A. J. E. 
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CHLORALAMIDE. Syn. for chloral- 
formamide, CCI, CH (OH) NH CHO (c. 
Chloral). 

CHLORAMIN r. AcT i v n t. 

CHLORAMINE-T, sodium p toluenesnl- 
phonchloroamide, 

CHj-CjHj-SOj NCINa 3H 4 0, 
first prepared by Chattaway (J.C.S. 1905, 87, 
151), is a white crystalline solid with a slight 
cdour of chlorine and a bitter taste It is 
soluble in about 7 parts of water, and may be 
obtained from p toluenesulphonyl chlonde, a 
by-product in the manufacture of saccharin, or 
directly from toluene by sulphonation and 
conversion to the sulphonyl chlonde, which la 
then treated with ammonia to form the salphon- 
amule Thu, by the action of bleachmg powder 
or sodium hypochlonte, is converted into the 
dichloramine, which, in presence of excess of 
caustic soda, yields chlora m ine-T- 

Chloramine T contains about 25% of “avail- 
able ” chlorine. It was introduced by Dakin 
durtng the war as a solution for the irrigation of 
wounds to replace the much less stable hypo 
chlorite solution, and is now included in the 
Bntish Pharmacopoeia Aqueous solutions of 
the salt are comparatively stable and may be 
kept for some time without appreciable decom 
position 

Technically chloramme-T finds employment 
in many directions in the textile industry as a 
bleaching agent and for the development of 
colour on the fibre, as well as in the manufacture 
of printing inks and the preparation of soluble 
starch for finishes, etc It 'is also used in the 
brewing industry for general cleansing and 
sterilising purposes and as a preservative in the 
treatment of leather, and m glue and adhesives 
It does not readily attack aluminium, brass, tin 
or enamel, and is therefore available for the 
cleansing and disinfection of vessels used m the 
preparation and storage of food products. 

Dichloramme-T, p toluenesulphondichloro- 
araide, CH,-C 4 H 4 -SO,NCI|, was also pre- 
pared by Chattaway (l c ), and is a yellow 

S -atallino powder, m.p. about 78°, having an 
our of chlorine. Unlike chloramine T, it 
liberates bromine from sodium bromide solution 
On exposure to air it is gradually decomposed 
w ith loss of chlorine. It is sometimes employed 
in solution in oil as an antiseptic. 

A. J. E. 

CHLORANIL. Tetrachloro-p-qumone. 
CHLORAZENE. Syn. for Chloramine-T. 
CHLORAZIDE, N,CI v. AzomiDE. 
CHLORENE. (1) A green hydrocarbon of 
unknown structure ob tamed as a by-product in 
the preparation of fluorocyclene by heating 
aeenaphthene with lead oxide at 350° (Dzie- 
wonski and Suknarowaki, Ber. 1918, 51, 457). 
Dilute solutions in benzene are pure green in 
colour, more concentrated solutions are purple- 
red; chlorene solutions undergo photochemical 
oxidation on exposure to light. The absorption 
spectrum shows three well-defined bands in the 
risible region 

(2) The term ” chlorene ” has also been 


applied to a yellow gaseous hydrocarbon, C 4 H 4 
made by passing acetylene through a quartz 
tube at 750 a . Its reactions are similar to those of 
acetylene, and it is slowly converted at the 
ordinary temperature to a colourless isomer 
(Mignonac and Ditz, Compt. rend. 1934, 199, 
367). 

CH LOR ETON E. Chlorbutol. Trichloro 
fcrf-butyl alcohol, Me,C CCI 3 -OH. Sedative. 

CHLORINE. 

Historical . — Chlorine must have been known, 
according to Mellor (" Inorganic and Theoretical 
Chemistry,” Vol. II, p. 20), to many alchemists 
from the thirteenth century onwards. It is, 
however, to Scheele that we owe the first 
adequate description of the preparation m 1774 
of “ dephlogistigated marine acid air ” obtamed 
during his researches on the properties of black 
oxide of manganese. 

Lavoisier and Berthollet, a few years later, 
preferred the name “ oxymunatic acid,” and the 
view that it was a compound persisted until 1809, 
when Gay Lussac and Thenard suggested it was 
an element. In 1810, Davy adduced evidence 
which was regarded as conclusive that the gas 
was an element, the characteristic colourof which 
led him to suggest the name chlorine. 

The observation of the bleaching properties 
of the gas and its solutions in water led Ber- 
thollet, 1785, to its practical application, and in 
1789 to make the still more convenient alkaline 
bleaching solution. The solution of chlorine in 
caustic potash became known as Eau de Jarelle, 
whilst the solution in can- ' ic soda became Eau de 
Labarraque The name Eau de Javelle is still 
widely used, but nowadays refers to a solution of 
sodium hypochlonte 

The fact that bleachers in Lancashire had 
used a solution of chlorine in milk of lime pro 
vented Tennant, 1798, from obtaining a valid 
patent. In 1799, however, Tennant patented 
the use of dry hydrated lime to absorb chlorine 
to make " bleaching powder,” and thus was bom 
one of the major heavy chemical mdustnes. 
Manufacture of bleaching powder, which was 
first earned out in Glasgow, spread rapidly as the 
alkali manufacturers realised its importance, 
particularly as an outlet for their waste hydro- 
chlonc acid. 

The production of chlorine and caustic soda 
when an electnc current passes through a 
solution of common salt was observed at the 
beginning of the nineteenth century. Industrial 
development of this process, however, waited 
on the supply of cheap mechanically-produced 
electnc energy introduced with the Gramme 
dynamo electnc machine in 1872. Commercial 
development occurred with increasing intensity 
from that date. 

Occurrence. — Chlorine, apart from volcanio 
gases, never occurs in nature in the free state 
(Shepherd, J. Washington Acad. Sci. 1920, 10, 
23). In combination with other elements it 

1. Sodium chloride in sea water and in rock 
salt deposits. 

2. Potassium chlonde alonB and combined 
with magnesium chlonde or sulphate in salt 
deposits. 

3. The chlondes of calcium, magnesium. 
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lead, copper, iron, manganese, mercury anil 
silver. 

•1. Hydrochloric acid in volcanic gases and 
springs. 

5. Sodium and potassium chlorides in the 
vegetable and animal kingdom and as hydro- 
chloric acid in tho gastric juice. 

The chief chlorine supplies are derived from 
salt deposits formed by the evaporation of inland 
seas or sections of the sea isolated by change 
in land levels. Solar salt produced by evapora- 
tion of sea water is used to a minor extent as a 
source of chlorine. 

Sodium chloride in tho form of rock salt 
occurs in large deposits in England, German}’, 
Austria, France, Spain, Russia, Canada and the 
U.S.A. Deposits occur in various geological 
formations : in England, for example, the rock 
salt is found in the Keupcr marl, a Triassic 
formation, whilst the deposits in the States of 
New York and Michigan and in Ontario occur in 
Silurian rocks. 

Potassium chloride is found associated with 
other salts in tho Dead Sea, and is one of tho 
products of the solar evaporation practised 
there. Tho chief sources of potassium chloride 
are tho doposits of Stassfurt, Alsace-Lorraine 
and Spnin, wliero it is found combined with 
other salts, as, for example, KCI-MgCI 2 ,6H 2 0, 
camallitc. 

laboratory Preparation .— The oldest method 
of preparing chlorine for laboratory purposes 
consists in heating manganese dioxide with 
hydrochloric acid : 

Mn0 2 +4HCI = CI 2 +MnCI 2 +2H.0 

Tho most convenient means of obtaining 
chlorino in tho laboratory is from a cylinder of 
the liquid. Tho liquid is not, however, quite 
pure, containing small quantities of bromino, 
organic compounds, and dissolved gases, the 
total of such impurities boing loss than 1 3 n % by 
weight. 

When puro chlorino is required, tho method of 
von Gracbo may bo used. Analytical quality 
hydrochloric acid is allowed to drip on to crystals 
of potassium permanganato covered with water, 
a gentle heat being supplied to give a steady 
evolution of the gas. 

Physical Properties. — At. wt. 35-457 ; atomic 
no. 17 ; isotopes 35, 37. 

Properties of the Gas . — Density at N.T.P. 
3-214 g./litre. This density is about 1-7% 
greater than required by tho gas laws, but very 
close approximation to tho ideal density occurs 
above 300°C. Above 1,137°C. dissociation into 
atomic chlorine occurs to some extent (Rcin- 
ganum, Physiknl. Z. 1905, 6, 1514). 

Tho mean value of the coefficient of expansion 
at atmospheric pressure and ordinary tempera- 
ture is 0-003836 (Jaquerod and Tourpainn, 
J. Chim. phys. 1913, 11, 15). 

Heat capacity at 15°C., and 1 atm. Cp= 
0-115 cnl./g. The ratio Cp: Cv= 1-355. 

The explosive limits of mixtures of hydrogen 
and chlorine arc 91-9% Cl. and S-1% H„ to 
14-3% Cl. and 85-7% H., wlien using an induc- 
tion coil spark (I*. Matlueu, ,T. Physique, 1917, 
7, 10G). 


Properties of the Liquid. — B.p. — 34-6°C. The 
vapour pressure in atmospheres, the densities of 
the liquid and the saturated vapour are (D= 
g./ml.) : 


Temp. °C. 

r. atm. 

D. liquid. 

D. vapour 

-34-6° 

1-00 

1-561 

— 

-20° 

1-84 

1-524 

— 

-10° 

2-61 

1-496 

— 

0° 

3-65 

1-468 

0-0128 

+ 10° 

4-96 

1-438 

0-0175 

+ 20° 

6-57 

1-408 

0-0226 

+ 30° 

8-60 

1-377 

0-0300 

+50° 

14-1 

1-310 

0-0486 

+ 100° 

37-6 

1-109 

0-136 


Critical temperature 144°C. Heat capacity 
— 85-4°C. to -76-l°C.=0-229 cals./g. Surface 
tension 27 dynes/om. at the boiling-point. 
Viscosity 0-494 centipoises at — 35-4°C. 

The expansion coefficient is : 


IX. 

-88° to -33-6° 

33-6° to 0° 

aXlO 3 

1-409 

1-793 

IX. 

0° to 30° 30° to 60° 60° to 90° 

aXlO 3 

2-066 2-55 

3-5 

Latent 

heat of vaporisation 

at — 22°C.= 


67-4 g.-cal. at + 8°C.=62-7 g.-cal. 

F.p. — 103°C. with vapour pressure 8-9 mm. 
Latent heat of fusion 1-626 kg.-cal./g. mol. 
Solubility. — At total pressure 760 mm. 
I is tho volume of gas dissolved by 1 vol. ot water 
(gas volume reduced to N.T.P.), and q is the 
weight of gas in g. dissolved in 100 g. of water. 

IX. 10 11 12 13 14 

l . 3-148 3-047 2-950 2-856 2-767 

q . 0-9972 0-9654 0-9346 0-9050 0-8768 

IX. 15 16 17 18 19 

l . 2-680 2-597 2-517 2-440 2-368 

q . 0-8495 0-8232 0-7979 0-7738 0-7510 

IX. 20 25 30 40 50 

l . 2-299 2-019 1-799 1-438 1-225 

q . 0-7293 0-6413 0-5723 0-4590 0-3925 

The heat of solution for 1 mol. in 1,000 mols. 
water is 4-96 kg.-cal. Chlorine is more soluble 
in 14% aqueous hydrochloric acid and less 
solublo in salt solutions than in water: 

20°C. wt. % HCI 4-13 G-61 8-74 10-40 13-94 
20 C C. wt. %CI 2 0-703 0-722 0-743 0-769 0-823 

(Olivcri-Mandala, Gazzetta, 1920, 50, 94). 

In saturated NaCI solution : 

tX. . . . 14-5° 290° 60-0° 

Wt. % Cl. . 0-0966 0 0842 0-0364 

Chlorine is also readily solublo in inorganic 
liquids, such as SiCI 4 , SnCI 4 , S0 2 CI 2 , and 
CrO.CI,, etc. 

At 0°C. SiCI 4 dissolves 13% Cl. by weight. 
At 0 C C. SO.CI. dissolves 14% Cl. by weight. 
Organic liquids also dissolve chlorine : 


CCI. 

rc. . 

0 

19 

Wt. 

0/ PI 
/O *2 • 

15-6 

8-4S 

CHCI, 

t° c. . 

0 

10 

Wt. 

O' PI 
/O 

22-0 

20-0 
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Acetic arid at 15 C C. : 

Wt. % Acetic acid 99 84 90 0 75 0 65 0 
Wt %CI* .106 7 14 4 65 3 81 

Chlorine Hydrate — On cooling a solution in 
water saturated with chlorine at atmospheric 
pressure below 9 6'C, jellow crystals 8re 
deposited Moist pas on cooling below 9 6°C. 
aI»o deposits the same substance, which is a 
h> drate of chlorine. The hy drate formed under 
different conditions oi temperature, pressure and 
relatne concentration of the constituents, has 
the composition CI„£>H,0 (Anwar-Ullah, 
J.CS 1932, 1176 

The hydrolysis of chlorine in water was 
studied by Jakowkm (1899). who found equili- 
bnum wa9 attained at 25°C. after 4S hours 
Increase m temperature favours the hydrolysis 
and decrea«es the time required to reach 
equilibrium (Z. phy«ikal Chem 1899, 29. 613). 

The photolvsis of chlorine in water (Allmand, 
Cunbffe and Maddiaon, JCS 1925, 127, 822; 
1927, 655) has been investigated, and on 
explanation given for the mechanism of the 
reactions which produce hydrochloric and 
chloric acids together with oxygen 

For more complete physical data see “ Com- 
prehensive Treatise of Inorganic Chemistry," 
Vol If, by J W Sfellor , “ International 

Critical Tables ” , Gmelm’a “ Handbuch der 
anorgani«cben Chemie System No 6.” Landolt 
Boemstein, Tabellen 

Chtmtal Properties — Chlonne is a very 
reactive substance, and even a small percentage 
of the gas in air has a characteristic pungent 
and irritating smell . the danger of breathing 
chlonne is not that it is a true poiBon, but that 
it rapidly attacks the mucous and long mem 
branes, causing congestion 

Chlonne com bines wit h most elements with con 
siderable t \ olution of heat and in some cases with 
Ignition, when uncontrolled reaction takes place 

Phosphorus ignites spontaneously in the gas, 
forming phosphorus tnchlonde Finely divided 
areenic, antimony, copper, tin, lead and iron 
burn in chlonne, forming the respectn e chlorides, 
but most of these nietnls, when in bulk, behave 
quite cliffcrentlv The action of chlorine on 
metals is also profoundly affected by the amount 
of water present, the amount of reaction 
decreasing with decreasing water content The 
indifference of dry chlorine to steel enables 
liquid chlonne to be manufactured and shipped 
in steel v essels 

Chlonne and hydrogen may be mixed together m 
the dark without combining, but such mixtures ex 
plode \ lolently m bnght day light or w hen heated 

Either alone or in the presence of catalysts, 
chlorine combines with many inorganic chemical 
compounds, e g sulphur dioxide, carbon mon- 
oxide, phosphorus trichloride, ferrous chloride, 
ttanneus chloride 

With olefins, aceUlenes, and benzene (under 
certain conditions) chlorine combines directly, 
forming additive compounds The uncontrolled 
reaction with acetylene is explosive With 
turjsntine, the reaction is so violent that the 
oil inflames with. yvodiicttoti of cwbow and 
hydrogen chloride 

With saturated organic compounds, chlorine 


forms substitution products and the eliminated 
hydrogen is simultaneously converted into 
hydrogen chlo ride. With benzene and other 
aromatic organic compounds, addition or 
substitution products or both are formed 
according to the temperature, and catalyst 
conditions 

LiOCiD CjiLOBrvE. — Liquid chlorine was first 
obtained in 1805, by Northmore. The pure gas 
can be condensed to a liquid at I5°C. by* a 
pressure of about 6 atmospheres, or at atmo- 
spheric pressure by reducing its temperature to 
— 35 e C. Chlorine gas from electrolytic cells 
vanes in strength from 90% upwards ; the 
impurities consist of air, drawn m by working 
the cells under sbght suction, carbon dioxide, 
and oxygen from hy droxyl, sulphate and chlorate 
ion discharge, and hydrogen from the cathode 
The impure gas obviously requires a higher 
pressure or lower temperature than the pure 
gas for liquefaction and some chlonne must be 
earned over by the contaminating gases and 
lost. Moreover, a limit is Bet to the extent of 
liquefaction by the hydrogen content of the 
residual gas, which for safe working must not 
reach the explosive hmit. 

Liquid chlorine was first produced com- 
mercially by Knietsch for the Badische Amlin 
und Soda Fabnk in 1888 (B P. 13070, 1888). 
The liquefaction was accomplished by com- 
pression with condensation at ordinary tempera- 
tures The compressor w as of the liquid piston 
type using concentrated sulphuric acid to 
confine and compress the chlorine gas, the 
sulphuric acid was m turn moved by a liquid 
piston of paraffin oil The adoption of such a 
complicated apparatus is some measure of the 
difficulties met in attempting to provide com 
mercial liquid chlorine. Although steel is 
relatively unaffected by dry chlorine at ordinary 
temperatures, at higher temperatures the rate 
of reaction increases and becomes very appreci- 
able at 130°C. This strictly limits the com- 
pression ratio that can be used, Moreover, 
ljbncation is difficult, since all the usual lubn 
cants are attacked by chlorine Sulphuric acid 
appears to be the favourite choice as a lubricant. 

At present liquid chlorine is produced by 
(i) compression with condensation at ordinary 
temperatures, (u) refrigeration alone, or (in) a 
combination of compression and refrigeration 

T ransport — The transport of liquid chlorine is 
governed by the rules and regulations of railway 
companies and of authorities such as the Board 
of Trade for shipments by sea. 

Regulations in the United States (and by 
voluntary concurrence in Canada) are issued by 
the Inter State Commerce Commission to which 
the Chlonne Institute (an association of pro- 
ducers) acts in an advisory capacity. 

In Great Bntain advisory bodies appointed 
by the Home Office have published two relevant 
reports — the Fourth Report of the Gas Cylinders 
Research Committee (Cylinders for Liquefiable 
Gases), 1929, II .M S O , and the Welded 
Containers Report, 1931, H.M SO A summary 
of the various national regulations and of 
BnUsh. pvaetwe v\ “ The H*.wsU«\g and Use of 
Liquid Chlorine” has been given by F, Holt 
(J S C I. 1936, 55, 245-255, 269-272). 
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Liquid chlorine ia supplied in threo different 
types of container : 

(а) Cylinders varying in capacity to 150 lb. 

England. U.S.A. Germany. 

(б) Drums, 

capacity 1,9001b. 2,0001b. 1,000 kilos. 

(c) Tank 
wagons, 

capacity 14 tons 16 and 30 14 tonnes 
short tons 

In charging liquefied gas containers special 
precautions must be taken to ensure that 
ample “ free space ” is left so that the container 
cannot become completely filled with liquid with 
consequent risk of extremely high hydraulic 
pressure. The British filling ratios of 1-25 and 
M9 lb. of chlorine per lb. of water capacity 
for temperate and tropical conditions respectively 
aro based on 0% freo space at 45°C. and C5°C. 
Thcso ratios aro for solid drawn cylinders; 
for welded containers the British filling ratios 
aro 1-24 and D16 based on 0% freo space at 50°C. 
and 75°C. respectively. 

Containers should be stored in a cool, dry plaee, 
preferably fireproof. Caro should be taken in 
the handling of containers ; the strength of tho 
containers should not bo abused by oxposing 
them to falls. If a container is allowed to 
remain coupled to an absorption plant after all 
tho liquid chlorine has evaporated, tho residual 
chlorine in tho pipc-lino and container will 
dissolve, causing the liquid in the absorption 
vessel to bo drawn back into tho container. 
This might linvo serious results, owing to the 
decomposition of some of tho liquids under 
cortain conditions causing a burst. 

Applications . — The largest consumption of 
liquid chlorine takes placo in the paper industry, 
where it is used both for the preparation and 
bleaching of pulp. 

In tho textile industry it is used in the bleach- 
ing of cotton and viscose and in the production 
of unshrinkable woollen goods. When used for 
bleaching it may be absorbed in caustic alkali 
to make the corresponding hypochlorite, or it 
may be absorbed in sodium carbonate solution 
to make hypochlorous acid ; 

NajCOj+Cl.+ H.O 

*=HOCl+NaHCOj+NaC1 

This acts approximately twico as energetically 
as the corresponding amount of neutral hypo- 
chlorite. 

It is used in tho manufacture of chlorinated 
organic products, such ns carbon tetrachloride, 
trichlorcthylcnc, chloroform, monochloracetic 
acid, and derived products like ethylene glycol 
and ethylene oxide ; for the chlorination of 
methane to methyl chloride and methylene 
chloride, and for the chlorination of benzene, 
toluene, nnphthnlene and diphenyl. 

Chlorine is used for tho preparation of tho 
chlorides of aluminium, boron, titanium, 
sulphur, antimony, iron and tin, and for de- 
gassing molten aluminium prior to casting. 
Formerly considerable quantities of tin were 
recovered as tin tetrachloride in the Goldschmidt 


process for detinning of scrap. Tho process is 
8 till in use, but is of less importance for tin 
recovery ns the percentage of tin on tin scrap 
has steadily fallen from 2% to less than 1%. 
The residual iron is recovered by smelting. 

Phosgene is made by the combination of 
carbon monoxide and chlorine, and sulpliuryl 
chloride by combination of sulphur dioxide and 
chlorine. 

Many of the above uses of chlorine have been 
developed because of the necessity of finding new 
outlets for the enormous quantities of chlorino 
produced in recent years by the electrolytic 
processes for preparing caustic potash and 
caustic soda. 

Certain organic chlorine compounds having 
lachrymatory, sternutatory, and other toxic, 
properties were used in the Great War (J.S.C.I. 
1918, 37, 127 R, and Tone, Chem. Met. Eng. 
1918, 19, 357} ( v . Chemical Warfare). 

Treatment of Water.— The complete sterili- 
sation of potable water and complete or partial 
sterilisation of industrial waters such as con- 
denser water for power stations, water for 
swimming baths, trade effluents from works 
(discharging fermentable matter) and sewage, 
has become a most important matter for tho 
general well-being of the community. 

The importance of stcrilo water for domestic 
purposes has long been realised, and the 
incidence of water-borne disease may be said to 
be completely within control since the adoption 
in one form or other of tho application of 
chlorino in small regulated quantity. 

Chlorine treatment is also applied to sterilise 
water for Bwimming baths, to condenser water in 
order to prevent the growth of low forms of life 
in gelatinous form which prevents efficient 
transfer of heat, and to sewage and fermentable 
trade wastes in order to provent undesirablo 
anaerobic fermentation and to assist in the 
control of aerobic fermentation. 

There aro three general methods in use, all of 
which involve the use of instruments to provide 
measured quantities of chlorine. These methods 
are (1) chlorine treatment, (2) chloramine treat- 
ment, (3) hypochlorous acid treatment. 

In water or sewage, etc., to which chlorine, 
chloramine, or hypochlorous acid has been 
added, the chlorine will occur in various forms, 
such as free chlorino atoms and molecules in 
solution, ns OCI' ions and as HOCI molecules, 
as well os in the form of various compounds with 
organic matter, etc., such as chloramines, and 
possibly also loose addition compounds. Most 
of these are known to have powerful germicidal 
properties, and the following suggestions havo 
been put forward in explanation : 

(1) That sterilisation is due to direct chlorina- 
tion of the cell protein. 

(2) That sterilisation is duo to oxidation of tho 
cell material, the oxygen being formed bv tho 
action of the chlorine and/or chlorine compounds 
on water. 

There is a certain amount of evidence in 
support of each of these hypotheses, and it 
seems quite possible that at times both may bo 
important factors. 

That chlorine does act as a chlorinating agent 
is known by the fact that tho objectionable 
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taste of certain waters containing organic matter 
may bo surmounted by over-chlorination 
followed by dechlorination with sulphites, etc., 
or by the chloramine process. 

W ater when treated with ammonia prior to ita 
treatment with chlorine is found to hare the 
advantage that objectionable tastes do not 
develop, whilst the sterilisation is just as good as 
with chlorine only. It is claimed for this 
process that the water is delivered sterile to the 
consumer owing to the greater stability of 
chloramine in solution. 

The chlonne and chloramine treatments are 
used largely in Britain and U S. A , whereas 
the hypochlorous acid treatment is of growing 
importance in Germany, where it has been 
successfully used for many y ears. It is claimed 
for the hypochlorous acid process that it has 
been particularly successful in many cases 
where neither chlonne nor chloramine treatments 
were entirely effective and that in other cases 
it has given equally good results 
The hypochlorous acid for this treatment is 
produced in stonew are tow crs. where a measured 
quantity of chlonne is passed counter or co- 
current to (1) a measured quantity of 6 odium 
carbonate solution (G P 306193, J916, Deutsche 
So] ray TVrrAe AG), (2) water passing oyer 
marble (CP 632713, 1932, BP 412105, 1933, 
Ometein) ; (3) water passing over moulded 
magnesia (G.P a 72332, 1936, Deutsche Solvay- 
Werlce AG) See also “ The Examination of 
Waters and Water Supplies," by J C Thre«h, 
J. F. Beale, and E V Suckling, published by 
J. and A. Churchill, London. 

Production of Chlorine. 

Introduction — All manufacturing processes 
i for chlonne involve the balancing of demands for 
chlonne and at least one other product. 

With processes starting from hydrochlonc 
acid, the other pnmary product is saltcake, 
(Na,S0 4 ). which was an intermediate m the 
production of sodium sulphide, soda ash, and 
caustic soda by the Leblanc process 
For many years the production of chlonne 
from by-product hydrochlonc acid enabled the 
Leblanc process to compete with the ammonia- 
soda process, but the introduction of direct 
electrolytic preparation of caustic soda and 
chlonne gave the same end products and 
eventually displaced the Leblanc process by 
reason of lower costs. 

In recent times special conditions have been 
examined and two interesting proposals have 
been made 

(!) The first deals with the situation where 
there 13 a large local demand for sodium sulphate 
or sodium sulphide with no outlet for hydro- 
chlonc acid In this case electrolysis of bydro- 
chlone acid to give hydrogen and chlonne has 
been proposed. 

Westvaco Chlonne Products Inc. and F. 8. 
Low have desenbed (B P. 348792) a diaphragm 
cell for the electrolysis of hydrochlonc acid 
Copper is preferred as a cathode, but nickel or 
monel metal may be used. The cathode is 
surrounded by a diaphragm of acid resistant I 
asbestos cloth The anode is graphite. ] 


The hydrochloric acid solution enters the 
cathode compartment, passes through the 
diaphragm, and leaves the cell by way of 
the anode compartment. The weak acid is 
dechlormated by air blowing and is then 
resaturated, heated, and recirculated. 

The inlet and exit acid strengths are 20% 
and 10% respectively. Preferred temperatures 
are 45°-100 c 'C., and voltages as low as 2 1 are 
claimed It is stated that the chlonne is of 
99 9% purity and that carbon dioxide and oxygen 
are absent 

(2) The second proposal arises from the fact 
that caustic soda produced by electrolysis must 
displace caustic soda otherwise produced by 
causticismg soda ash. The demand for chlorine 
has resulted in America in a large over produc- 
tion of caustic soda and efforts have been 
directed to working out economical alternative 
processes for the production of chlonne. Coupled 
with the above situation the market price of 
sodium rutrate has fallen so low that it is very 
much less profitable than formerly to manu- 
facture sodium nitrate from soda ash and 
synthetic mtnc acid. 

It has therefore been suggested that sodium 
nitrate and chlonne might be more profitably 
manufactured by the action of mtnc acid on 
sodium chlonde F. W. de Jahn (Chera. Jlet. 
Eng 1935.42, 537) 

In addition to the primary reactions, 

NaCI+HNO,= NaNO,+ HCI, 
3HCI+HNO,= Cl t +NOCI+2H t O. 

the NOCI reacts with water and air regenerating 
HNO, and HCI, the regenerated HCI reacts 
again with the H N O,, so that the net result is 
the oxidation of the HCI by the oxygen m the 
air with recovery of the HNO, 

It is interesting to note that the similar 
Dunlop process was employed at St. RoJIox 
Works, Glasgow, about 1850. Here the mtrosyl 
chlonde was decomposed by sulphunc acid, the 
consumption of which was, however, bo large 
that the process was abandoned. 

It is evident that the discovery of suitable 
resistant materials of construction will play an 
important part m the working of this process. 

Historical. 

! The Older Processes : Oxidation . — Chlorine 
was first produced on & reasonably large scale 
for Javehe water and for b ) caching powder by 
oxidation of hydrochlonc acid made by treating 
aalt with sulphunc acid, by naturally occurring 
manganese dioxide — pyrolusite: 

2NaCI+2H,SO.-f MnO, 

-* Na 1 S0 1 +MnS0 1 +Cl 1 +2H I 0 

The development of the Le Blanc process for 
alkali gave nse to large volumes of hydro- 
gen chlonde, which were at first discharged 
na a chimney stack to atmosphere. The patent 
of Gossage (1836) showed how the nuisance so 
created could be abated by 1 w ashing out the acid 
gas in a coke packed tow er In a counter current 
stream of water. The hydrochlonc acid so 
obtained was immediately applied to the 
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production of chlorine by reaction with man- 
ganese dioxide : 

4HCI-f MnOj-> MnC/j-f Cl 2 + 2H»0 

The by-product hydrochloric acid, of little 
value otherwise, gave a mnch cheaper chlorine 
than the previous process. Nevertheless, the 
imported manganese ore was expensive and the 
process was wasteful of this raw material. 
Weldon (1866) developed a successful recovery 
process which conserved manganese with great 
economy. The liquor from the chlorine stills, 
containing manganese chloride, excess acid, iron 
chloride and other impurities, was carefully 
neutrab'sed with ground limestone, and pre- 
cipitated hydroxide of iron was allowed to 
settle out. The clear liquor was treated with 
about a 20% to 30% excess of milk of lime to 
precipitate the manganese as hydroxide. Steam 
heating was applied and the manganous 
hydroxide was oxidised by air blowing, the final 
product being a calcium manganite, 

CaO-2MnO„. 

The precipitate known as “ Weldon mud ” was 
recovered and returned to the chlorine stills. 

The Weldon process, though more economical 
of manganese, still only showed about a 30% 
conversion of hydrogen chloride to chlorine, 
the remainder being lost as calcium chloride. 

Deacon (1868) evolved a successful method of 
air oxidation of hydrochloric acid using copper 
chloride as a catalyst. Although this process 
gavo a much better yield on the hydrochloric 
acid and prior condensation of hydrochloric 
ncid was avoided, there were many difficulties, 
chief of which was the poisoning of the catalyst 
by nrscnic and sulphur compounds. The 
product of the reaction after removal of excess 
hydrochloric acid and steam by condensation 
was chlorine diluted with nitrogen from the aip. 

The process of Hasenclever (1883) for obtain- 
ing reasonably pure hydrogen chloride by 
dohydrating the aqueous acid with oil of vitriol 
which could subsequently be reconccntrated was 
of benefit to the Deacon process, and rapid 
headway was made. 

The Deacon process depends essentially on the 
equilibrium 

4HC1 + 0j^2CI;,+ 2H 2 0, 

although it is presumed that the catalyst func- 
tions by decomposition of cupric chloride to 
chlorino and cuprous chloride, cuprous chloride 
is oxidised to copper oxychloride, and this in 
turn is converted by HC1 into cupric chloride, 
the cycle l>eing repeated. 

2. The Modern Processes: Electrolysis . — The 
patent of Watt (B.P. 13755, 1851) covered a 
very wide range of electrolytic processes, includ- 
ing the electrolysis of brine to givo chlorine and 
caustic soda. Cooke (B.P. 13620, 1851) described 
a cell for carrying out tho method, and Stanley 
(B.P. 811, 1853) also described a process. 

The high cost of electric energy at that time, 
however, ruled out these ns industrial enter- 
prises. 

The difficulties experienced in the electrolytic 
decomposition of alkali chlorides on a manu- 


facturing scale have been first the cost of the 
electric current, which was absolutely prohibitive 
until the dynamo-electrical machine had been so 
far developed as to be a commercial reality, 
viz. in 1872 by Gramme. When it became 
possible to conduct electrolytic experiments on 
the large scale over long periods of time, it was 
soon found that there were many and serious 
difficulties, as the corrosion of the anodes, the 
evolution of gas from the cathode, the rapid 
disintegration of the diaphragms, which were 
either excessively porous or not sufficients 
porous. There were also excessive resistances, 
voltages, and the generation of heat, and there 
were secondary reactions, so that neither the 
chlorine nor the alkali metal product was 
obtained in the expected purity or quantity. 

The various electrical processes suggested or 
tried for the decomposition of alkali chlorides 
are all attempts to overcome economically these 
difficulties. Workers in this field, such as 
Fitzgerald and Motley (1S72), Wastchuk and 
GlousholT (ISTGj, and others continued to patent 
processes. 

An industrial electrolytic alkali-chlorine 
process may be said to date from the work 
of Matthes and Weber (D.R.P. 34888, 1885), 
who discovered a satisfactory diaphragm by 
means of which separation of anolvte and catho- 
lyte could be achieved. The diaphragm was 
made from Portland cement and salt, the latter 
after removal in solution giving the desired 
porosity. This achievement was developed by 
Chcmische Fabrik Griesheim, later Griesheim- 
Elektron, and the first large-scale plant taking 
400 H.P. was operated in 1890. 

About 1890 numerous different types of cell 
were patented, of which that of Le Sueur 
(B.P. 5983, 1891), which was operated in the 
Eastern States of America, should be noted as 
the first horizontal diaphragm cell. Car- 
michael’s cell (U.S.P. 518710 and 637851) 
was also developed in the same area. 

These cells, like that of Griesheim-Elektron, 
were discontinuously operated diaphragm cells 
with submerged cathode. The cathode chamber 
was filled at the beginning of each cycle with 
water or dilute caustic soda which gradually 
increased in strength. Diffusion of sodium 
chloride from the anode chamber which 
necessarily took place and contamination with 
sodium hypochlorite and chlorate necessitated 
after a time cessation of electrolysis, removal of 
the catholyte and recommencement of the 
process after addition of fresh liquor. 

The Hargreaves-Bird cell (B.P. 18871, 1892, 
and others) introduced a new principle in tho 
non-submerged cathode. The cathode in this 
case, made of perforated steel sheet or iron wire 
mesh, was in close contact with the diaphragm, 
and the cathode liquor trickled down the cathode 
and the diaphragm wall to a sump. 

To reduce the tendency for hydroxyl ion to 
diffuse back to the anolyte, carbon dioxide was 
admitted to the cathode chamber and sodium 
carbonate was produced. Steam was also 
admitted with the carbon dioxide to assist in 
heating the cell. This process was operated 
until 1928 by Electro-Bleach and By-Products, 
Ltd., at Middlewich, Cheshire, and small units 
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were erected at cellulose factories in Austria 
and U.S.A. This typo of cell, omitting the use 
of carbon dioxide, is the forerunner of three 
cells, viz. : Allen-Moore, Gibbs and Nelson, 
which, with numerous slight variants, represent 
the most frequently employed diaphragm cells at 
the present time. 

The development of a horizontal diaphragm 
in tho well-known Siemens-Billiter cell took 
place m 1007 about the same time as the more 
modern vertical diaphragm cells were evolved. 

An attempt to dispense with diaphragms com- 
pletely gave rise to the bell-jar or specific 
gravity cell, which was investigated by Richard- 
son and Holland at St. Helens in the ’nineties 
(B.P. 2297, 1890). The only industrially 

successful cell of this type was that of Verein 
fur Cheraische und Metallurgische Produktion 
(D.R.P. 141187, 1900) installed at Aussig 
(Czechoslovakia). 

The mercury cell was devised almost simul- 
taneously by Castner (B.P. 1G046, 1892) and 
Kc/incr (D.R.P. 70607, 1802j, and others. 
This process, which was working industrially in 
1895, 1ms been developed from that date chiefly 
by the Castner-Kellner Alkali Co., Ltd., in 
England, the Castner Electrolytic Co. (later 
Mathicson Alkali Works) in U.S.A., and by Sol- 
vay & Co. in Europe. 

In moro recent times attention has been 
directed to the electrolysis of fused sodium 
chloride to givo sodium and chlorine, see 
Banned and Stookcm (Z. Elektrochem. 1905, 
11,209); Banned, ibid. 192430 ; Gesellschaft fur 
Chcmischo Industrie in Basle (The Ciba Cell) ; 
(G.P. 230804, 1009; B.P. 18300, 1910; 17047, 
1911) ; RoesslerandHasslachcr Co. (The Downs 
Cell), (B.P. 238950, 1924). 

Tho Ciba cell is worked at Monthey, and the 
Downs cell is worked by the Roessler and 
llasslacher Chemical Co. in America, and by 
Deutsche Gold- und Silber-Scheideanstalt, in 
Germany. 

Further reference should be made to “ Mono- 
graphicn fiber angewandte Elektrochemie," 
W. Knapp, Halle 1933 (vols. 23, 41, 33); 
Cliem. Trade Journal, 1924, Elliott, “ Electro- 
lytic Caustic Soda”; J.S.C.I. 1924, 43, 1224, 
1250, 1291, Hale, “Modern Electrolytic 

Cells ” ; Chemical Markets, 30, 147, “ U.S.A. 
Chlorine Supplies ” ; Mnntdl, Performance and 
Characteristics of Electrolytic Cells, (Chem. 
Met. Eng. 1931, 38, 88). 

The cflective development of aqueous electro- 
lytic chlorine processes thus occurred between 
1S90 and 1900, and from the be ginning of tho 
century this was an established industry, 
rapidly expanding at the expense of the Lc 
Blanc process which died out by 1920. Tho 
industry is still growing owing to the increasing 
demands for chlorine products and the discovery 
of new n c cs. 

The number of types of cell in operation is 
quite large, as will be seen in the diagram on 
p. 42, which, although not complete, includes the 
important cells in the different classifications to 
"huh they belong, ns well as some that have 
eonwd to be used. The cells xx ill be described 
undrr the broad classifications of diaphragm and 
mercury cells. 


Production of Chlorine by Oxidation of 
Hydrochloric Acid. 

(a) Makgaxese Dioxide. — Technical. There 
is divergence of opinion as to the course of tho 
reaction between manganese dioxide and 
hydrochloric acid. 

The first reaction is either 

Mn0 2 +4HCI = MnCI 4 +2H 2 0, 
or more probably, 

2Mn0 2 +8HCI = Mn 2 CI 6 +4H 2 0+CI 2 

(cf. W. W. Fischer, Chem. News, 1878, 37, 250 ; 
U. S. Pickering, ibid. 1879, 39, 225 ; Berthelot, 
Compt. rend. 1880, 91, 251). 

The chlorides MnCI 4 and Mn 2 CI 6 form 
dark brown solutions which quickly decompose 
ex’en at ordinary temperatures, and the ultimate 
result is 

Mn0 2 +4HCI=MnCI 2 +2H 2 O+CI 2 ; 

but this reaction is only completed at 100°C., 
and with a certain excess of HCI — in practice 
at least 10% and more if low strength acid 
and hard manganese ore are used — even to twice 
the theoretical requirement. 

The manganese chloride liquor from tho stills 
also contains free acid, the chlorides of other 
metals present in the ore, and a little chlorine. 

Black’s analysis of still liquor in a well- 
conducted works showed how incompletely the 
acid is utilised. 

MnCI 2 . . . 100 
HCI .... 00 
AI 2 Cl e ... 0-0 

Fe 2 CI 0 . . . 0-5 

Cl 2 not determined. 

H 2 0 (by diff.) . . 81-7 

1000 

On the assumption that all the manganese 
in the ore xvas in the form of MnO-, and that no 
hydrochloric acid gas xvas carried axvay by the 
chlorine, it follows that out of every 100 parts 
of H C I added 33-0 parts had been left untouched. 

The original source of manganese xvas 
invariably pyrolusite, xvhieh occurs in quantity 
in Germany, Bohemia, Transylvania, Russia, 
India, Australia, Japan, U.S.A., and scantily in 
North Wales. 

A good pyrolusite should contain most of tho 
manganese as dioxide, since the loxxer oxides 
are less useful. 

Russian pyrolusite varies betxx-ccn 75% and 
85% MnO„, and ax-erages 80% MnO,, 1% 
MnO, 3% H : 0. 

Impurities such as BaS0 4 and Si0 2 are 
objectionable as they coat particles of the ore 
and prevent reaction xx-ith the acid. Carbonates 
xxnstc acid and add carbon dioxide to the 
chlorine, rendering the chlorine less suitable for 
making bleach. Soft pyrolusite is more easily 
attacked by the acid than hard pyrolusite, and 
is therefore preferred. 

Chlorine Generation. — For a small production 
of chlorine, the generating vessel or still may be 
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made of stoneware. Fig. 1 shows one of the 
best forms of stoneware still intended to be 
heated by a water or steam bath. 

The manganese ore is placed in n perforated 
cylinder, capacity about 1 cwt., and this is put 
in and taken out of the Btill with special tongs 
through the large opening. The 6mall pipes 
serve as acid inlet and gas outlet respectively 
Tho still liquor at the end of the operation is 
siphoned out or run off through a discharge pipe 
passing through the steam jacket These small 
stills permit of careful and economical working 
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so far as materials are concerned, since the acid 
is not diluted by condensed steam 

Fig. 2 shows a U shaped pipe of lead or 
earthenware which permits of scaling a Btill of 
a battery from the chlorine main by mean9 of a 
water seal— a most practical device. 

For generating large quantities of chlorine the 
stills are made of highly sihcious sandstone or j 
other stone not acted upon by acids, impervious 
to them and not liable to crack by rapid changes 
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(а) False bottom. 

(б) Hydrochloric acid inlet sealed in a bowl, 
(e) lead steam pipe connected to 

(d) Stoneware steam column perforated above 
the bottom slab 
{3) Chlorine outlet. 

Charging opening not shown 

of temperature Such stone, found at Southow- 
ram, is known as “ Yorkshire flag ” A small, 
bhblashioned stone still is shown in Fig. 3, 
which represents it cut through the middle. 


These stills measured inside 7 ft. by 5 ft. by 3 ft. 
and upwards. 

The small stills w ere w orked by first adding the 
acul, then inserting the perforated ore container 
ready charged and rapidly making the joints 
as the reaction begins forthwith. When it 
slackens heat is gradually applied until tho acid 
is exhausted. The still cools down overnight, 
the perforated container i3 removed and washed, 
and after removal of the still liquor the cycle is 
recommenced 

The large stone stills are charged with 6 to 
10 cwts of ore broken into pieces, the manhole 
closed and acid run m at first quickly and then 
gra.d-is.Uy oxer eexeral home. Tho heat, of 
reaction assists the evolution of chlorine, and 
when this slows down steam is rejected 
cautiously, the temperature rising to 90°C. 
In the early days of the process the waste 
liquor evolving chlorine caused considerable 
nuisance and it became necessary to run it into 
closed vessels to which chalk or limestone dust 
was added, and this was subsequently the first 
stage of the Weldon process. 

The chlorine evolved is always contaminated 
with HC1 gas and water vapour, and these are 
removed by air or water cooling of a long string 
of earthenware or lead pipes in which the 
condensation of aqueous hydrochloric acid talcs 
place and is drained away by trapped escape 
pipes. 

Recovery of Manganese and Method of Utilisa- 
tion — The foundations of this process were laid 
in 1837 by Gossage, who precipitated the man- 
ganese with lime, ran off the supernatant liquor, 
and agitated the precipitate with air j oxidation 
was, however, very slow, and was never even 
half complete In I860 Walter Weldon made 
his first attempts and by 1809 his new process 
was in commercial use at the works of Messrs. 
Gamble & Co , St. Helens, and by 1871-73 
had been so improved as to bo adopted by all 
British and Continental alkali works 

The apparatus employed has received few 
modifications, but the conduct of the process 
which in the critical part is complicated and 
still not thoroughly explained haa been more 
modified. In the following tho plant. Fig. 4, 
and process are described 

The process is commenced in the stone still B. 
The only changes demanded by the Weldon 
process are (1) that the acid employed should 
be 83 free as possible from sulphuric acid, 
since CaS0 4 ,2H 2 0, subsequently formed, 
entails extra expense in filter pressing ; (2) that 
the run off pipe for the still liquor should lead 
into a mud still D, which is shown in section in 
Fig 4 

The neutralising wells G, G are sunk in the 
ground on a bed of puddled clay, and after 
being built arc surrounded by puddled clay to 
prevent possibility of leakage; they are 
built of large stone slabs of acid-proof Yorkshire 
flag On the top of the wells two large timber 
beams are seen supporting the wooden gate 
agitators. The liquor, while continuously 
agitated, is slowly treated with crushed chalk or 
powdered limestone, which is preferably very 
finely ground. The free H C I is first acted upon, 
yielding calcium chloride, which is an essential 
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component for the remaining processes, and 
carbonic acid gas, which in escaping carries 
away the small quantity of dissolved chlorine 
gas ; these two objectionable gases are prevented 
from escaping freely into the air by covering 
the wells with strong plants well tarred and by 
leading the gases to the suction of the nearest 
chimney by an earthenware pipe. When the 
free acid has been neutralised yielding calcium 
chloride and Fe and A1 chlorides are converted 
Into the respective hydroxides, these last 
carry down as arsemtes any arsemous acid 
originally present in the hydrochloric acid. 
Any sulphuric acid present in th9 hydrochloric 
acid is converted into CaS0,,2H,0. Com- 
plete neutralisation is necessary to remove the 
impurities and to prevent corrosion of the settling 
tanks A, A into which the liquor is next pumped, 
but the excess of CaCO, employed should be 
the smallest possible to reduce the cost of the 
subsequent operations 

A swiv el pipe is lowered from above into the 
liquid, as shown in Fig 4, in the left-hand well, 
and the turbid liquor is then piped to the gun- 
metal pump shown in the figure in front of the 
third tank D from the left. The figure shows 
the delivery pipe rising to the top of the plant, 
then running horizontally and discharging 
through control cocks mto one or other of the 
four chloride of manganese settlers A, A, A, A. 
As soon as the well G is emptied and the pump 
stopped, a small valve 13 opened at the base of 
the pump delivery pipe, the pipes drained 
back into the well, and the swivel pipe is with 
drawn, to prevent corrosion The util is then 
ready to receive its next charge 

The chloride of manganese settlers are made of 

in thick boiler plates The processes already 

escribed must be repeated until at least one J 
settling tank A is quite full After making the 
last addition the liquid should settle quite clear 
within a few hours, otherwise the charge in I 
the next operation is apt to froth over, and also 
the recovered manganese will consume an undue 
amount of acid. 

After the volume of the liquor in the settler A 
has been estimated and a sample taken for 
analysis, the clear liquor may be drawn off from 
tho settler by lowering a swivel pipe just under 
the surface of the liquor, which can be seen to be, 
quite clear. The bottom end of the swivel 
pipe is attached to the side of the tank about a 
foot above the bottom of the tank so as to leave 
plenty of room for the mud to collect and to be 
stored pending its removal. Outside tho tank 
the flow of the clear liquor is controlled by a cock, 
and cocks control its entrance into the oxidising , 
tower B. 

Tbe oxidising towers B are made of j in. 
thick boiler plates, and they may be 8 ft. 
diameter and 28 ft. high, the bottom is flat, 
and the top is quite open. The pipe bringing the 
manganese chloride liquor enters the tower 
about 6 ft. from the top of the tower and the 
top of the swivel pipe may be set to give exactly 
tbe desired amount of liquor. When the liquor 
ceases to run the cocks are closed, and the 
residual liquor m the settler is reserved for the 
finishing of the charge. 

The manganese chloride liquor should be 


anal} sed for MnCI, by diluting a measured 
sample with boiling water, adding zinc oxide 
until the mixture is white as milk, and, lastly, 
adding standard potassium permanganate with 
occasional boilings, until the supernatant clear 
liquor shows a pink flush j the reaction yields a 
manganite exactly like the Weldon process 
under consideration : 

ZnO+MnO+Q=ZnO MnO,; 
and the necessary oxygen is obtained from the 
permanganate similarly: 

3ZnO+2KMnO, 

= K,OZnO+2(ZnOMnO,)+30 

The temperature of the manganese liquor in 
the tower will be above atmospheric tempera- 
ture, and in subsequent operations will be still 
higher, but experience has shown that if it is 
below 55°C. it should be heated to this point 
by blowing m steam. The steam pipe is not 
shown in the figure, and because of the shaking 
of the tower it must pass over the top of the 
tower, and terminate at the bottom of the 
tower in several branches containing perfora- 

Tbe manganese chloride liquor during the 
above heating may be agitated, and for the sub- 
sequent oj>eration must be well agitated. This 
agitation is effected by a blast of air. When 
used for agitating purposes alone the blast of 
air required is not great, but the blast can be 
regulated as desired, and can be increased very 
considerably. 

Milk of lime is prepared m the upper of the two 
tanks J, J shown in Fig. 4. Each of these 
tanks is provided with an agitator. The upper 
tank only contains a lime cage, the bottom of 
which is indicated by a honzontal line above the 
third agitator blade. This tank is filled with 
water, while ateam is also blown ui, until the hot 
water stands well above the level of the bottom 
of the cage. Quicklime is selected so ns to 
contain less than 1% of magnesia : it should be 
well burnt, but not over burnt. The magnesia 
is very objectionable, because it accumulates 
during the repetition of the following processes, 
and in the generation of the chlorine it neutralises 
acid to no purpose. The selected quicklime in 
the form of large lumps is put into tho cage, 
it soon slakes, generating thereby much heat, 
and this addition v& continued until the milk 
registers 50° on Twaddell’s hydrometer, the 
test jar being gently rotated the while; the 
milk then contams 20 lb. CaO per cu. ft , and 
is as strong as can be conveniently prepared 
The milk is then run from a valve at the bottom 
of the tank on to a wire sieve (not shown in the 
figure), and thence into the bottom tank J, 
which is used as a combined store and measuring 
tank. 

The next operation is the addition of milk of 
hrao to tho hot agitated manganese calcium 
chloride liquor m B It is possible to calculate 
the amount of milk of lime required to (1) 
theoretically precipitate all the MnCI,, and 
(2) increase the total amount to l'C times the 
theoretical. Long experience with the process 
and due appreciation of opposing considerations 
have shown that this figure gives the best 



CHLORINE. 


47 


results for ensuring the rapidity and complete- 
ness of the oxidation, tho economy of lime and 
of hydrochloric acid, the settling quality of the 
recovered manganeso, and the avoidance of 
“ stiff batches.” 

The milk of lime is pumped into the tower B 
by tho pipes shown. During this operation the 
utmost vigilance is required in testing, samples 
being drawn, filtered, and tested as rapidly as 
possible. Tho first test is simply that for 
alkalinity with red litmus paper. A second 
test is made by adding to tho filtered sample a 
strong solution of bleaching powder, which 
produces a brown precipitate or colour if any 
innngancso is still present, in which case either 
moro milk of lime must bo added or a little more 
timo given for that already added to react. 
When just sufficient lime has been added to 
removo all tho manganese from tho solution the 
addition is stopped. 

The amount of lime so far added is always 
found to exceed that expressed by the simple 
equation 

MnCI 2 +Ca(OH) 2 ==Mn(OH) 2 +CaCI 2 . 

because of the solubility of Ca(OH), in CaCI 2 
solution and because milk of lime always con- 
tains particles that react very slowly. The 
excess lime may vary from 0T0 to 0-45 (the 
theoretical lime given above being 1-00). 

Tho amount of calcium chloride present pro- 
foundly alters tho solubility (and hence the 
rcactivcness) of the calcium hydrate, as is 
shown by the following figures for 60°C. : 

Percentage CaCI 2 

in solution . 0 5 10 15 20 25 30 

100 c.c, dissolve g. 

ofCaO . . -09 -11 -13 -17 -22 -29 -38 

On cooling very long crystalline needles of tho 
oxychloride CICa-O-Ca-OH-f 7H 2 0 separate 
and so much so from strong, hot solutions that 
tho mixture becomes apparently solid and 
can bo inverted, and this has been assumed to bo 
one of tho reasons for tho production of the 
“ stiff hatches ” mentioned. 

Starting from native manganese the liquor will 
contain about 18% CaCI 2 only, and because 
of tho low solvent action of this concentration 
of calcium chloride on tho excess limo already 
added, it is not permissible to add any further 
excess until Borne of tho freo limo has been 
removed by converting it into calcium 
manganito. 

For this purposo the blast of air is increased 
to its maximum and continued until the end of 
the operation. Tho fixation of tho oxygen causes 
tho temperature to riso a few degrees, and tho 
reaction Ca0-}-Mn0 + 0=Ca0-Mn0 2 reduces 
the amount of free limo and changes the colour 
of tho precipitate from light yellow to brown, 
and then to black. After about a quarter of 
an hour one-fourth of the remaining oxcess lime 
desired is added, and these additions repeated 
after three more periods of blowing. 

During tho progress of the blowing, filtrates 
from samples will show a diminution and 
then the disappearance of tho free lime. The 


simultaneous oxidations of the mixture (CaO-t- 
MnO) and of the excess MnO to form 
(Ca0-Mn0 2 ) and (Mn0-Mn0 2 ) respectively 
are now complete, and continued blowing has no 
further effect. 

But by the addition of a second supply of 
manganese chloride liquor to the blowing tower 
a new reaction is now brought into play, namely 

2(Ca0-Mn0 2 )+MnC! 2 

— (Ca0-2Mn0 2 )+CaCI 2 + MnO f 

and by continuing the air blast the MnO is 
converted into (Mn0-Mn0 2 ), as in the first 
part of the operation. The “ blowing out ” 
of the manganeso becomes Blower with each 
addition, and when it becomes too slow no 
more is added, and the wholo operation is ended. 
The effect of this last operation is to increase 
the amount of chlorine that can be manu- 
factured from the mud, without increasing tho 
amount of acid required for its manufacture. 

The mud, consisting of calcium dimanganito, 
Ca0-2Mn0 2 , and manganese manganite, 
MnO-MnOj, suspended in a calcium chloride 
solution is now run from the base of the oxidising 
tower by the cock and main c, c, Fig. 4, into the 
mud settlers C, C, similar in construction to the 
settlers A above. After a few hours tho settling 
is complete and the clear supernatant calcium 
chloride liquor may then bo run away through 
the main E, E, by opening tho cock near the 
bottom of tho tank and gradually lowering tho 
swivel pipe p, until tho black mud below is 
reached. 

The manganeso mud is now ready to be used 
in tho manufacture of chlorine. It differs from 
nativo manganeso in that it is entirely soluble 
in hydrochloric acid and that it dissolves 
very much more readily. Tho generating tank 
therefore does not requiro a false bottom, and 
it is made very large. Fig. 4 shows four such 
stills D, D, that may bo 12 ft. diameter and 
12 ft. deep. They aro octagonal, but otherwise 
resemble in construction tho native manganeso 
still. The right-hand end still is shown in 
section, the two columns S, S are the perforated 
stone blocks for blowing in steam. The outlet 
liquor pipes are not shown, nor are tho gas outlot 
pipes, nor the acid inlet pipes. 

Into tho still is charged any liquor available 
from the still E, because though it is not strong 
enough to act further on nativo manganese, 
it will act on recovered manganeso mud, and 
this is ono of the advantages of the Weldon 
process. Hydrochloric acid is then also run 
into the still till the acid liquors are 2 ft. deep. 
Tho settled mud in tho settler tank C may 
then bo stirred by a hand rake, to make it a 
little more fluid, and run through a cock g 
situated in the bottom of the settler, into tho 
main /, /, and thence through another cock 
into the luted trap h, when it runs into the 
still. The chlorine is given off very readily, and 
tho rato of evolution of the chlorine is governed 
by controlled addition of tho mud. As tho 
acid becomes exhausted steam is blown in to 
raise the temperature, and the further additions 
of mud are made with caution, until samples 
taken from the still by an earthenware cock 
(not shown), cease to be clear yellow and become 
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s clear coffee colour that is not removed by 
further iteaming. A sample tested -with standard 
caustic soda solution will then show the presence 
of about 0-5% of free acid. The waste mangan- 
ese liquor is now run, as before described, into a 
neutralising well G by opening an earthenware 
cock and the Weldofl recovery process is 
repeated. 

When sufficient mud has accumulated in 
settlers A, A, a long-handled plug (indicated by 
a dotted line in each of the tan k s) ia lifted, and 
the mnd is run through pipes q to filter presses 
(not shown in the figure), where as much 
manganese chlonde liquor as is possible is 
recovered, and the cakes of stiff, nearly dry 
mnd are then thrown away. 

When sufficient manganese chloride liquor 
has been made from native manganese in the 
Still E to stock the settlers A and C, and to 
give working charges in G, B, and D, then 
only so much native manganese requires to 
be dissolved in E as will counterbalance the 
unavoidable losses in the whole of the Weldon 
plant. 

(6) Air Oudatioji.— The Gaseous Hydro- 
chloric Acul and Atmospheric Oxygen Method — 
After many unsuccessful attempts made by 
Oxland (1845), Jullion (1846), Bmks (1860 and 
1862), Dufrene (1865), and others, the labours 
of H. Deacon and F H utter, from 1868 onwards, 
produced an entirely successful chlonne process 
which is based on the direct oxidation of the H 
in HCI by atmospheric oxygen, and which 
utilises much more of the HCI than any process 
employing either native or recovered MnO t 
Some processes patented later (Henderson, 1871 , 
Weldon, 1871 , Wigg, 1873, etc ) proceed on the 
same lines but have not been practically 
successful 

The Deacon process starts from the well- 
known fact that a mixture of hydrochloric acid 
gas and oxygen at a temperature ]ust below a 
red heat, especially in contact with porous 
substance”, partially changes into chlonne and 
water: 2HCI-t-0 = H | 0+CI.. This decam 
position is very much assisted by the employ- 
ment of substances which serve as oxygen- 
camers, and of these the salts of copper 
(previously employed by Vogel, 1855; Gatty 
and Laurens, 1860; Mallet, 1866) have been 
found moot useful. Probably in all cases cupno 
chlonde is formed, which at once splits up into 
cuprous chloride and free chlonne. The 
Cu,Cl t combines with oxygen to form oxy- 
chlonde, CuO CuC!„ and this acta again upon 
HCI, yielding water and reforming cupnc 
chlonde, so that the reactions can begin over 
again: 

(1) 2CuCI 1 -Cu 1 CI,+Cl J 

(2) Cu,Cl 1 +0=CI— Cu— O— Cu— Cl 

(3) Cu,OCl 1 +2HCl~H t O+2CuCl 1 

Theoretically, ail the HCI would thus be con- 
verted into chlorine, but in practice, under the 
best conditions, about two thirds of this decom- 
position is effected. The tmdecom posed HCI 
is, however, not lost, but is recovered and can 
be utilised Cot other purposes, cq-y foe the 
Weldon process. 


The reversible reaction of the Deacon process 
has been studied by Lunge and Marmier, by 
Lewis (J. Amer. Chem. Soe. 1906, 28, 1380), 
and by von Falckenatein (Z. physikal. Chem! 
1907,59, 313). Lewis and Randall (“Thermo, 
dynamics and the Free Energy of Chemical 
Substances,’’ 1923, McGraw-Hill Book Co,, Inc.) 
have critically examined these results and those 
obtained by Moldenhauer (Z. anorg. Chem. 
1906, 51, 369) for the hydrolysis and oxidation 
of magnesium chloride and have shown that all 
these results are in excellent agreement with 
the equilibrium constants calculated from the 
free energies of steam and gaseous hydrogen 
chloride, which are, of course, obtained by 
entirely independent methods. 

For the reaction 

jCI,(g )+}H 2 0(g.)= HCIfeO-HO, 
they give the equation 
AF°=6835-0 02TlnT— 0 00085T* 

+0 000000185T 3 — 7-27T, 

where AF° is the change in free energy. 

From the equations 

K IQJ’tKdl 
"iCIjtlH.Ojl 
and -KTlnK-AF’ 

the equilibrium constants may be calculated. 
Although the equilibrium equation is in terms 
of activities, pressures (as atmospheres) may bo 
used as a first approximation. 

The following figures are calculated from 
Lewis and Randall’s equation : 

Temp. C C. 300 350 400 450 500 650 600 
AF°cals. 2,350 1,940 1,525 1,110 690 270-154 
K. . . 0-13 0 21 0 32 0 46 0 64 0 89 1 09 

Deacon’s process deals with the gaseous 
hydrochloric acid, as it is evolved in decom- 
posing common salt by sulphuric acid without 
condensing it into liquid acid. In practice 
only the gases from the decomposing pots, say 
68-70% of the total HCI, are used for the 
Deacon process, those coming from the roasters 
being too dilute and containing too much 
sulphuric acid. 

The quantity of air necessary to form chlorine 
enters through the joints of the doors and 
dampers and is regulated by the suction mam- 
tamed on the whole plant. Usually there are 
4 vols. of air to 1 vol. of HCI. An excess of 
air is less injurious than a deficiency of it, in 
which case there is a poor decomposition. 

The gases leaving the pot are first cooled by a 
long string of pipes and a scrubber ; thus much 
of the water and about J or f of the HCI are 
removed. Further, the gas may be dried in a 
sulphuric acid tower before it enters the decom- 
poser, such complete drying being very advan. 
tageous for the process. The gases now enter 
the heating furnace in which pipes are arranged 
m two Bets of twelve. 

The gases sre here heated up to 500®; the 
waste heat of the furnace is sufficient for heating 
the decompose*, which, does not possess any 
| fire of its own. 
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The grew now pass into the decomposer 
(Fig. 5), an upright, cast-iron cylinder. It 
contains a cylindrical ring of broken bricks D, D, 
supported by two cylindrical cast-iron rings 
of shutters placed concentrically one within 
the other. The gases enter at the circumference 
at A, pass radially across the decomposing 
mass D into the inner space, and are led away 
through the pipe OB. The decomposer tempera- 
ture ought to be between 480° anil 500°. The 
catalyst mass consists of burnt clay broken up 
into lumps, or ordinary bricks broken, freed from 
dust, and dipped into a solution of cupric 
chloride. The mass contains about OG-O-7% 
of metallic copper. 

When the gases leave the decomposer, they 
consist of a mixture of HCI, free Cl 2 , and 
steam. At best two-thirds 6f the HCI is 
converted into chlorine, but sometimes only 
one-half. The hot exit gases are now cooled 
by passing through a long string of earthenware 
or glass pipes, and are then freed from HCI by 
washing with water in the ordinary acid con- 
densers, consisting of stone towers filled with 
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coke, combined in some works with acid 
cisterns. Woulff’s jars, ote. By properly 
managing this process, all the acid can be 
obtained in the state of concentration required 
for the Weldon process and other purposes. 

There is theoretically no loss of HCI in the 
Deacon process, tho whole of the acid evolved 
from tho salt being either converted into 
chlorine or recovered by condensation as 
aqueous hydrochloric acid. In practice, of 
course, some losses occur, but they arc not 
necessarily large. 

During the early years of tho working of 
the Deacon process results wore disappointing 
and unsatisfactory. Tho fact that impurities 
accompanying the gaseous HCI were sufficient 
to seriously affect tho process was not realised. 
Tho impurities nro sulphuric and sulphurous 
acids, arsenious acid, water, and carbon dioxide. 

The arsenious ncid, derived from the ASjO,, 
in the sulphuric ncid used, forms arsenate of 
copper, which is even less reactive than tho 
CuSCfy formed from the sulphuric ncid im- 
purity. Tho presence of these impurities 
necessitated the frequent renewal of tho decom- 
posing material. Water is one of the products 
of tho decomposition, and hence, when present 
in tho inlet gases, increases the partial pressure of 
the products of the reaction and lowers tho 
maximum percentage decomposition obtainable 
under the conditions of the process. 

.Carbonic ncid derived from the fuel gnses, 
either of the salt-cake furnaces or of tho decora- 
Vou. III. — 4 
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posing furnace itself, was a serious obstacle to, 
and frequently entirely prevented, the pro- 
duction of strong bleaching powder. This 
difficulty has been overcome by greater enro in 
the construction of the apparatus and in testing 
for leakage. 

It will be noted from tho above description 
that only the gaseous HCI from the salt-cake 
pot is dealt with by the Deacon process, and 
the liquid acid collected after the decomposers 
has to bo sold as such or used in some other way, 
such as by tho Weldon process. 

Hasenelever, however (B.P. 3393, 1883), 
described a process for gasifying the HCI in 
the liquid acid by mixing with strong, hot 
sulphuric ncid in a series of carthenwaro vessels 
through which air is blown. By this means a 
steady, continuous stream of gaseous HCI 
is evolved with an easily regulated supply of air. 
After passing through the series of vessels, tho 
vitriol diluted with the water contained in tho 
liquid hydrochloric acid has to be recon- 
centratcd to the original sp.gr. The concentra- 
tion is generally' performed in long, lend, brick- 
lined pans, heated by top heat, tho fuel gases 
being in direct contact with the sulphuric acid. 
This process was used to a considerable extent, 
but from tho large quantity of sulphuric acid to 
bo concentrated per ton of bleaching powder, a 
very’ material addition is made to the cost of 
manufacture. 

Other Contact Substances . — A general investiga- 
tion on tho mutual action of HCI nnd O in the 
presence of certain compounds of Cu, Fe, Mn 
and Cr was made by Lamy (Bull. Soc. chim. 
1873, [iij, 20, 2). Copper salts were found to be 
more efficient than others, and with these the 
decomposition is at its maximum at about 440°. 

Tho proposals to employ ferric chloride (Thi- 
bierge, 1855, and others) or chromic oxide 
(Hargreaves nnd Robinson, 1872) have not had 
any practical success. 

Nickel oxide was proposed by L. Mond (B.P. 
8308, 1886). 

Do Wilde and Rcychler (B.P. 17272, 1889) 
proposed employment of a mixture of mag- 
nesium and manganese chlorides with mag- 
nesium sulphate. 


Production of Chlorine by Electrolysis of 
Alkali Chloride. 

Technical. Theoretically a current of 1 amp. 

. . , , g. cquivalentx 3,600 

liberates m 1 hour e i — 1 — g. of an 

9Gu40 

element. 

Simple as tho electrolysis of alkali chlorides 
may appear from tho formula, yet in aqueous 
solutions tho first obvious difficulty arises from 
tho activity of tho alkali metal. Where no 
attempt is made to separate the cathodo and 
nnodo products, tho output of such a cell will bo 
hypochlorite or chlorate according to the 
conditions of operation. 

Tho separation of the two products naturallv 
presents many difficulties, since factors such as 
temperature, electrolyte concentration, ionic 
mobility, electrode materials, and current density 
play an important part. 
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The effect of two of these factors is shown by 
the fact that the conductivity of solutions of 
alkali chlorides increases with concentration 
and with temperature 

The voltage of an electrolytic cell depends on 
the decomposition voltage of the salt, the length 
of the electrolytic path, the overvoltage at each 
electrode, and the current density of the cell. 
In the case of a diaphragm cell, resistance of the 
diaphragm is also a factor. 

Thomson’s formula may be used to calculate 
the approximate decomposition voltage (E) of a 
- , where Q is the heat 


salt. E — nx 02387x 90,540' 
of formation and n is the valency. 

Overvoltage is an inherent property, non 
calculable, of the electrode material Although 
the hydrogen over voltage m caustic solutions at 
graphite electrodes is very low, for constructional 
purposes metal cathodes are preferable and 
nickel with a low hydrogen over voltage is 
suitable, but iron with a slightly higher over- 
voltage, 0 03 volt (Caspan), is cheaper 
Mercury is in a class apart with a very high 
hydrogen over voltage, 0 78 volt (Caspan), 
1 0 volt (Tafel), and it is due to this property 
that sodium is discharged preferentially on 
electrolysis in the mercury cell process and that 
sodium amalgam is only very slowly decomposed 
by water This fundamental property has made 
possible the development of the mercury cell 
Chlorine over-voltage -also vanes with the 
anode material at carbon electrodes it is low, 
whilst at platinum or fused magnetite it is 

The following determinations of single elec 
trode potentials may be noted • 

OH' ion discharge +0 82 v 

Cl' „ +1 37 v. 

H „ „ -0 41 v. 

Na- „ ,. —2 71 v. 

Hg a Na' „ „ -1 81 v 

In a bnne solution the smallest decomposition 
voltage is 1 £3 for the electrolysis of wate-, 
but the over voltages are high and at higher 
voltages little of this process proceeds 
At 4 08 volts electrolysis of anhydrous sodium 
chloride commences, but since in aqueous solu 
Vvoti the emltav raw veaetvaa tetweea codv&m wsvd 
water to give caustic soda and hydrogen takes 
place, the decomposition voltage will be reduced, 
it will bo higher than the decomposition voltage 
of hydrochlonc acid, 1-78 volts, due to the fact 
that hydrogen ion concentration will be low at 
an electrode where there is a preponderance of 
OH' ions from the caustic soda and there 
nso in the single potential for hydrogen 
discharge The decomposition voltage will 
depend on the strength of the caustic soda as 
well as that of the brine, but is of the order 
of 2 2 volts 

With a dilute sodium amalgam cathode the 
•ingle potential of sodium is lowered by reason 
of its solubility ui the amalgam, and the decom 
position voltage is of the order of 3 18 volts. 

The decomposition voltages, therefore, of 
sodium chloride m saturated brine are approxi- 
mately 22 volts for diaphragm cell processes 
and 3 2 volts for mercury cell processes. 


The mobility of ions plays an important part 

i diaphragm cell processes. The hydroxyl ion 
with a potential drop of 0 1 volt at room tem- 
perature has a velocity of 6 48 mm. per hour 
compared with 2 41 mm. per hour for chlorine. 
Migration of hydroxyl ion, therefore, must be 
opposed by a suitable velocity of electrolyte 
through the diaphragm if satisfactory yields are 
to be obtained. It becomes clear, then, that for 
the same efficiency horizontal diaphragm cells 
will yield a stronger caustic liquor than vertical 
diaphragm cells 

The choice of materials for electrodes has been 
limited in course of tune by initial coat and by 
running costs The high over-voltage and high 
cost of platinum and magnetite anodes have 
eliminated these from chlorine cells and artificial 
graphite is now universally employed. This 
latter material, which is porous by- reason of its 
method of manufacture, suffers from the fact 
that as porosity increases so the life of the anode 
decreases. It has been contended that in the 
pores where there is no appreciable circulation, 
the aqueous solution becomes depleted of 
chloride ion and hydroxyl ion discharge occurs ; 
this results in oxidation of the anode to carbon 
dioxide and disintegration is promoted 

Cast magnetite (G P. 157122 and 133367, 
GricsheimE lektron) was used to overcome the 
defects of porous carbon, and with particular 
advantage in the Gnesheim cel), where the 
chlorate concentration in the anolyte accen- 
tuated attack on the carbon. 

More recently attempts have been mado to 
increase the life of graphite anodes by impregnat. 
ing them with organic substances to reduce 
their porosity (Fitzgerald and Molloy, B P. 1376, 
1872; Atkins, USP. 754114, 1904; de Varna, 
F.P. 567925, 1922, Koholyt, B.P. 221634, 
1923; Pomiho, Giom. Chim. Ind Appl 1925, 
7, 63; Bozcl Maletra, F.P. 679810, 1328) 
Jaffe (Z Elektrochem. 1936, 42, 71-85) shows 
that impregnation causes an increase in the 
over-voltage of chlorine discharge. 

Diapheaou Cells. — The Gnesheim Cell — 
This was one of the earliest cells to be operated 
on an industrial scale, although it has now 
been replaced largely by more economic units. 
It employs stationary electrolytes and, there- 
fore, has t.cA, wAcvisAy tif wcApcA, t.ot 

the same economy in power and materials as 
later cells, but its advantages of robustness 
and simplicity well fitted it for the early days 
of electrolytic chlorine production. It depends 
essentially on Breuer’a diaphragm (B.P. 19775, 
1891) made by setting cement with acidified 
brine ; after complete setting the crystallised salt 
can be washed out to leave a very porous block. 

A number of boxes made of such diaphragm 
plates fixed in an angle iron frame rest in an 
outer steel container. These boxes make the 
anode compartment which is fitted with carbon 
anodes, whilst the steel oute' vessel and steel 
plates hung between the boxes form the cathode. 
Porous pots filled with salt are suspended in 
the anode chambers to maintain the strength of 
the brine Fig. 6. 

The method of operation is to fill the anode 
compartment with saturated bnne and the outer 
container with weak bnne. As electrolysis 
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proceeds nlkn.li accumulates in the cathode 
liquor until the concentration reaches 40 to 
50 g. of caustic soda per litre, when electrolysis 
is stopped, the caustic liquor drained off, and 
after refilling the cathode chamber the process 
is recommenced. In its long history the cell has 
naturally undergone many changes, bigger cells 
ucrc made and provision was made for main- 
taining a high working temperature and for 
c ollection of hydrogen. 

The cell voltage was of the order of 3-05, 
with current densities at the anodo of 
2 amps. /dm. 5 , and at tho cathodo of 
0-5 amps./dm. 5 
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Owing to the low output and absence of 
positive movement of solution through the 
diaphragm, back diffusion of hydroxyl ion is 
appreciable. This leads to low efficiencies, high 
chlorate content, and rapid anode attack. 
This latter results in a high carhon dioxide 
content of tho chlorine which in turn causes 
difficulty in bleaching powder production. 
Attempts to obviate these difficulties led to the 
manufacture of magnetite electrodes, but these 
add appreciably to power consumption owing 
to the much higher chlorine over voltage. 

This cell was largely applied to the electrolysis 
of potassium chloride in Germany. 



The Sirmcns-IiillUcr Cell . — The first installa- 
tion of these cells was tested in 1907 at Aschcrs- 
lcbf'n by the association of Kaliwcrko Asehers- 
lebcn, Siemens it llalsko A. G., Billitcr, who 
had carried out much experimental work 
previously in Vienna. 

Many plants were subsequently erected in 
Germany. 

Tho cell consists of a sheet iron tank, the 
cathodo is a sheet of perforated iron or iron 
netting attached to tho walls a little ubovo tho 
bottom of tho cell. 

The side walls above the cathode are covered 
with a lajer of cement, whilst tho cover of the 
cell consists of tiles of concrete or stoneware. 
The anode leads of graphite which carry graphite 
plates pass through the cover, whilst the iron 
shell is connected to tho cathodo leads. Tho 
chlorine outlet in the cover is connected to an 
earthenware main, whilst an outlet pipe of iron 
from tho cathode chamber senes to carry away 
the hydrogen. The caustic liquor drains from 
the cathode chamber continuously. I'ig 7. 

Tho cell is the only type in large scale com- 
mercial production which has a horizontal dia- 
phragm nnd the succe-s depends on having a 
suitable diaphragm which has sufficiently fine 
capillaries and at the same time a readily 
regulated porosity. The essence of Billiter’s 


diaphragm is tho use of a fibrous material, 
asbestos, and a powder, barytes, which are spread 
uniformly on a sheet of asbestos cloth resting on 
the cathode. With a suitable diaphragm there 
is no tendency for hydrogen to penetrate, and the 
avoidance of this eliminates the difficulty of 
producing a satisfactory chlorine as well as a 
caustic liquor of constant and suitablo com- 
position. 

Tho cell having been filled with brine, the 
circuit can be closed. The brine percolates 
uniformly through tho diaphragm, and as tho 
anodes practically cover the whole diaphragm a 
uniform current-distribnticn and brine-flow 
ensue. 

A level gauge is fitted to tho side of tho cell 
to indicate the depth of brine, but a modification 
has been introduced in recent years. A small 
vessel external to the cell is connected to it 
just above the diaphragm and the hydrogen 
from the cathode chamber bubbles through the 
brino in this vessel. By varying the depth of 
tho hydrogen seal in tho brine the rate of 
brine percolation through the diaphragm is 
controlled at the desired rate under varying 
conditions of hydrogen and chlorine pressure and 
of brino level. 

In actual construction the tank may bo 
shallow, little deeper than the cathode compart- 
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went, and the wall of the cell may be built up 
of bnck or atone suitably tied together. 

The cell is operated to giro a constant 
a lkalini ty which is achieved by varying the 
level of bnne in the celL The rate of percolation 
and the cell voltage remain practically constant 
for manv months, but gradually the diaphragm 
becomes' blocked owing to the accumulation in it 
of calcium and magnesium deposits, and the 
cell ja then cut out for cleanmg. The depth of 
brme, which may be 8 cm. at the commencement 
of the cell life, will be gradually increased during 
the run, possibly to 21 cm. when cleaning »3 due. 


The results of a ran of two months with 
brine not specially purified are given by Bilhter. 
Mean current . . . 2001-6 amps. 

„ „ efficiency 94-7% 

„ voltage . . . 3 66 v. 

,, alkalinity . . 130-2g, NaOH/htre. 

CO, content of chlorine 1-17% 

The average voltage for different current 
densities of a cell working at 85°-95°C. is : 
Current density amps./dm.* 4 6 7 0 10 0 

Voltage 3 5 4 0 4-7 




The alkali content of the cathode liquor is 12- 
16% for NaOH or IS-20% for KOH with 
average current efficiency of 95%. 

The Bdl-jar (Auas\g) CtU. Fig. 8. — This cell, 
formerly operated by the Verein fOr Chemische 
und Metallurgische Prodnktion at Aussig, Czecho- 
slovakia, is sometime* known as a gravity cell. 
It may be described as a diaphragm cell which 
dispenses with a solid diaphragm, since it func- 
tions by reason of stratification of the liquors 
The density of the caustic liquor produced at the 
cathodes outside the bell-jar is slightly greater 
than that of the feed bnne, and the flow of 
bnne from the anode in the bell to the cathode 
counteracts the tendency for alkali to diffuse 
back to the anode. 

In c concrete teasel 8 to 10 ft long, 4 ft. wide, 
there rest £5 bells ; the bells, which are long and 


narrow, are made of sheet iron coated inside 
with cement, and rest on a ledge in the concrete 
wall. The graphite plate anodes lie horizon- 
tally inside and just above the bp of the bell 
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and the bnne feed is distnbuted uniformly above 
the anode. The sheet iron bell acts as cathode 
and the caustic liquor overflows continuously. 
The cell is reputed to have a long life. Each 
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Ml takes 20 amps, at a voltage, increasing 
from 3-7 to 4-2 during a ran, and the cell has a 
current efficiency of 85-90% when producing a 
caustic liquor containing 120—140 g. NaOH 
per litre. 

The BiUitcT-Leykam Cell .— This cell was 
dovised os an improved bell-jar cell. The 
cathodo is placed below the bell and consists of 
T-seetion iron bars which arc enclosed in tubes 
of asbestos cloth. The cloth is not an electro- 
lytic diaphragm, since its purpose is solely to 
keep tho hydrogen separate and carry it from 
the cell so that the chlorine may not bo con- 
taminated and tho caustic liquor may not be 
agitated. 

At 85°C. the voltage is 3-2, caustic liquor 
150 g. NaOH per litre with current efficiency 
92-94%. 

The cell was intended by Billiter as a troublo- 
freo unit for small operators. 

The Gibbs Cell . — This cell dates from about the 
same time as tho Siemcns-Billitcr and has found 



Tho diaphragm hero is vertical and cylindrical 
(Fig. 9). The cathode is a perforated steel 
cylinder closed at the bottom and top with 
a cement disc and cover respectively. The 
diaphragm of asbestos paper rests inside the 
cathode and tho anodes of carbon rods inside 
the shell nro suspended from the cover. Tho coll 
rests inside a cast-iron or steel cylindrical tank, 
this forming the cathode compartment. 

The original patent indicated tho cathodo 
compartment flooded with cauBtic liquor; this 
method of working was abandoned in favour 
of a drained cathode, which is reminiscent 
of the much earlier Hargrcaves-Bird cell. 

The 11 a rqrca rf-r - B ird Cell . — This cell, like the 
Griesheim cell, is interesting historically ns 
being one of tho first to achieve commercial 
success. It is particularly interesting os the 
progenitor of tho continuous type with vertical 


diaphragm and drained cathode which has 
achieved greatest Success. 

It was operated by Electro-Bleach & By- 
Products, Ltd., at Middlewich, England, until 
1928, when the works was closed down. 

The cell consists of a cast-iron container, 7 ft. 
high, 11 ft. long, 1| ft. wide, lined with cement 
or brick. It is divided into three compartments, 
by asbestos cement composition diaphragms 
fixed to copper mesh cathodes ; tho anode com- 
partment is between the two cathode compart- 
ments. Fig. 10. 

Although caustic soda was made in this cell, 
in practice Bteam and carbon dioxide were 
blown into the cathode compartment and 
sodium carbonate was produced. 

Tho later cells of this type adopted newer 
materials and improved methods of construction 
which gave a greatly increased output. 

The Allen-Hoore Cell. — This, like its fore- 
runner, tho Hargreaves-Bird cell, is rectangular 
with vertical diaphragms. A concrete monolith 
makes the bottom, top, and ends of tho cell, 
the Bides being closed by shallow steel boxes 
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which bolt on to the concrete. The cell thus 
formed contains tho perforated steel sheet 
cathodo on which rests the asbestos diaphragm. 

The graphite anodes pass through tho concrete 
top, and the asbestos diaphragms inside the steel 
boxes bolted to tho concrete form the anode 
chamber. Fig. 11. 

The standard unit takes 1,200 amps, at an 
average voltage of 3-55. The caustic liquor, 
80-100 g. NaOH per litre, is produced with n 
current efficiency of 25%. The diaphragm life 
is 3 months and anode life 18 months. 

Tho cell is principalh- used in paper mills in 
U.S.A. 

The Townsend Cell . — This is similar to the 
Allen-Moorc cell. A now idea is introduced in 
the flooding of the cathode chamber with 
kerosene. This compensates the hydrostatic 
head of brine on the opposite sido of the dia- 
phragm and reduces the rate of percolation. 
The production of a stronger caustic liquor is 
possible without tho back diffusion of the 
OH' ions into the nnolyte having quite the 
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same fore* as if the cathode were submerged 
in caustic liquor completely. The caustic liquor 
is earned away from the cathode by the 
hydrogen, and sinks through the kerosene and 
runs away. Fig 12. 

A standard 2,500 amp cell is 8 ft. long, 1 ft. 
wide, and 3 ft deep The caustic liquor, 
150-180 g per litre, is produced at a current 
efficiency of 95%, the cell working at 4 0 to 4 2 
volts. 

The diaphragm of asbestos cloth is painted 
with a mixture of asbestos fibre, feme oxide, and 
colloidal feme hydroxide 
This cell is operated by the Hooker Electro 
chemical Company at Niagara Falls 
The Pomilio Cell — This cell is very similar to 
the Townsend and other cells of this type 
It operates with a controlled submergence of 
the cathode. The depth of caustic liquor is 


altered as required to control the rate of percola- 
tion. A 3,000 amp. cell at an average voltage 
of 4 0 produces a caustic liquor of 140-170 g. 
NaOH per litre. 

The first installation was made in 1921 at 
Naples. 

The Nelson Cell — This is a diaphragm cell 
consisting of a rectangular steel box in which a 
U shaped perforated steel sheet is attached to 
the top ; the ends of the channel are closed 
by the ends of the steel box which must, there- 
fore, be protected inside the anode compart- 
ment by cement or concrete. The diaphragm 
consists of sheets of asbestos paper and the 
graphite anodes, 14 to the cell, are blocks 4 in by 
4 in by 17 W 

A cell normally works at 1,000 amps, with a 
voltage of 3 75, and produces caustic liquor 
containing 90 to 100 g per litre. 



This cell was adopted for "hat was at one 
time the largest alkali chlorine plant in the world, 
the Edgewood Arsenal plant of the U.S. 
Government 

The Krebs Cell — This is an improved multiple 
Nelson cell with two or more U shapes in the 
diaphragm The double U diaphragm cell 
takes 2,000 amps Means are provided for 
increasing the depth of electrolyte as the rate of 
percolation tends to decrease. At 90% efficiency 
a cathode liquor averaging 110 g NaOH per 
litrv is prodaeed. 

Several installations of this cell have been 
made in Europe 

The Basle Cell (Ciba, Monthey). — Known by 
several names, this is the cell of the Society of 
Chemical Industry in Basle and is operated at 
Monthry in Switzerland and in several installa- 
tions in Italy and France It is a cell of novel 
design and possesses two diaphragms which it is 
claimed give long anode life, low hydrogen 
content of the chlonne, and good efficiency. 

The cathode is a cylindrical iron wire cage of 
small diameter, 24 in long, on which the asbestos 
diaphragm is deposited externally. The bottom 
of the cj linder is closed whilst there i3 a restricted 
outlet, of J-in IJ). iron pipe, to that a froth of 
hydrogen and caustic liquor is earned upwards 
into a closed channel in which they can separate. 

The anode is a carbon plate which is sur- 
rounded by an asbestos cloth hanging from the 
cell cover. The plate, 24 in. by 4 in. by 2 in., 


is drilled and screw ed at one end to receive the 
anode current lead which 13 a carbon rod 1J in. 
diameter. 

A cathode unit consists of twelve cathodes 
attached to the closed channel and the anode* 
unit consists of ten anode plates attached to the 
cell cover, an inverted earthenware trough, 
which serves to collect the chlorine. 

Cathode units altercate with anode units in 
the cell container, individual cells carrying 6,000 
amperes. 

The reported, performance is current density 
4 5 amps /dm.’ at the anode and 9 0 amps /dm.* 
at the cathode, starting voltage 3 3 v. rising to 
4 5 v., caustic liquor 110-130 g. per litre with 
current efficiency of 93%. 

The Cause Cell (Badische Anilm- und Soda- 
Fabrik) — Little, beyond the patent specifica- 
tion, has been published regarding this cell, 
but it is reported to be worked on a large scale. 
Similar to the Basle cell in having two dia- 
phragms, it is, however, so arranged that the 
brine feed is divided, and a portion of the main 
feed to the anode compartment 13 bled off to 
the space between the diaphragms. 

The object of this arrangement is to reduce the 
back diffusion of hydroxyl ion to the anode 
compartment, with corresponding diminution of 
the conversion of dissolved chlonne to hypo- 
chlorite. 

The Finlay Cell. — In this double diaphragm 
cell the brrne feed is introduced between the 
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diaphragms. Successful operation depends on 
reducing the electrolyte gap which was achieved 
bv a sort of filter press arrangement. The 
tendency for the anolyte to become denuded of 
chlorino ion would appear to be compensated 
by resaturation of the effluent brine. 

Mercury Cells. — The Costner Cell . — This 
cell shares with the Grieahcim, Lc Sueur, and 
Hargreaves -Bird cells the position of being 
one of tho first cells to prove successful on the 



industrial scale. It is described ns consisting 
of a box, A, 4 ft. square, C in. high, with two 
vertical partitions which divide it into three 
equal compartments. The whole is con- 
structed of slate or concrete. There is a gap 
under tho partitions of in. and a corresponding 
channel in the cell bottom which has been filled 
with mercury effectively seals the compartments 
hut allows a flow of mercury. Fig. 13. 

l oerster gives the cell performance ns 630 
amps, nt 4-3 volts. 


In the two outer brine compartments chlorino 
is evolved, whilst in the inner compartment 
sodium amalgam is decomposed and caustic 
soda produced. 

Mercury circulation is effected by oscillation, 
one end of the cell resting on a fixed support, B, 
tho other being attached to an eccentric, C, 
which by its rotation imparts a rise and fall, 
with an amplitude of half an inch. 



The anodes consist of graphite rods which 
enter through tho side of the cell, and the 
original proposal for tho cathodo was an iron 
grid suspended in tho caustic soda. This 
arrangement, which makes the mercury a bi- 
polar electrode, was never worked, since for 
continuous operation each Bide of the bipolar 
cioctrodo must -work with the same efficiency. 
Caatncr, in tho attempt to reduce power con- 
sumption to a minimum by using this arrange- 
ment, balanced the loss in the brine cell by a 
regulated shunt between the iron cathode and 
tho mercury. Finnlly, however, the mercury 
was made the cathode, and the discharge of 
sodium from tho amalgam was achieved os in tho 
Kellner coll by making tho caustic compartment 
into a short-circuited primary coll ivith an iron 
cathode. 

The Kellner Cell . — Tho construction of this 
cell in three compartments is similar to that 
used by Castner except that tho cell is fixed and 
the mercury is caused to circulate to and fro by 
means of air pumps. Compressed air blown 
alternately into iron bells, Dj and D 2 , immersed 
in mercury troughs outside each end of the cell 


D, 


Fia. 14. 

effects the regulated displacement and flow of 
mercury. 

The centre compartment serves for the decom- 
position of brine, whilst caustic soda is produced 
in tho two outer compartments. 

The cell is made of concrete 12 ft. long by 
3 ft. 6 in. wide, and the anode chamber formed 
by slate partitions is 5 ft. 6 in. long. The anodes 
of platinum wire net, 88 in number, each weighing 
1 g., are mounted in concrete. The caustic soda 
is produced in the outer compartments using 
cast-iron grids as the cathodes of a short- 
circuited primary cell. Fig. 14. 


fAk pressure Air pressure J 

it i 1 ^ 
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The cell takes 6omo 4,000 amps at 5 Volta 1 
giving a cathode current density of 25 amps / 
dm.* Working at 50°C. there is a current 
efficiency of 92% and the caustic liquor contains 
about 30% NaOH. 

The cell is operated by the Bosniache Eleh- 
trizitfits A.-G , at Jajce, in Jugoslavia. 

The Whiling Cell —A small installation of this 
cell has been operated by the Oxford Papier 
Company, U.S.A. <U S.P. 951228, 951229 of 
1910) 

A shallow cement box is divided mto five 
compartments by glass partitions to form the 
tell proper. As electrolysis proceeds, the 
amalgam of each compartment w turn is dis 
charged into a 6ingle caustic compartment where 
it follows a serpentine path down channels in 
graphite blocks in contact with cau3tic hquor 
After removal of the sodium the mercury is 
elevated from the sump to a reservoir which j 
recharges the brine compartments in tom. 

Working at 40®C. with a current efficiency of 


90-95%, a 20% caustic liquor is produced 
(Whiting, J.S CJ. 1910, 29, 436). 

The Wtldermann CeU — -Thi3, cell has been 
operated in Germany. Its outstanding feature 
is the quasi -vertical arrangement of the mercury 
cathode. To provide this a series of Y section 
ring shaped channels are mounted one above the 
other and mercury is filled into each trough so 
that the lower leg of the Y section, dips into 
the mercury in the ring below. These rings of 
iron are covered with ebonite. The system of 
ring channels makes a cylinder which is mounted 
in a container. The cylinder is the brine 
compartment and the annulus the caustic soda 
compartment. Inside the cylinder and as close 
as possible to the nng channels are vertical 
graphite anodes. The mercury is agitated by 
means of teeth at the end of arms which 
pass between the anodes, the arms being 
attached to a central shaft which is actuated to 
give rapid vibration. The whole of this 
mechanism is covered with ebonite. Tig. 15. 



Graphite rods Boating in the amalgam in the' 
caustic compartment assist in discharging the I 
sodium from the amalgam 

A G,000 amp cell covers nil area of 32 sq ft 
and works at 5 volts with cathodic current 
density of 20 amps /dm ' at a temperature of 
50' C. ; 25% caustic soda liquor is produced 

The KellncT-Sotcay Cell — The form in which 
the mercury cell 1ms found widest application is 
the Kellner Solvav cell It is operated in several 
slightly differing forms, chiefly in Great Britain 
and on the Continent 

The cell consuls of two concrete troughs side 
by side, cich with a slight slope in opposite 
directions, covered when working with a sheet of 
mercury or amalgam 

In the brine compartment electrolysis takes 
place lic'utcu either platinum or graphite 
anodes and the merrun (uthode Chlorine is 
removed through a eintible exit ami sodium 
amalgam is disdiargnl into the caustic compart 
inent where it is dccom jkjhi 0 by a counter current 
of wati r with liberation of hydrogen Fig. 16. 

The mercury , stripped of its sodium, is elevated 


back to the- brine compartment, to begin the 
cycle afresh, by means of a scoop vv heel (Solvav ), 
Archimedean screw (Castncr-Kellner), or v ertical 
screw (Aussig) (Taussig, Z. Elektrochem. 1909, 
15, 659). 

A circulation of brine is maintained between 
the cells and the salt saturators. 



Fin )6. 


According to Foerstcr, this cell consists of ft 
cement lined iron container 14 in long by 60 
era. wide which, according to Bilhter, take* 
12,000 amps, at 0 volts using platinum s nodes. 
The Joss of platinum is given os about 1 }% per 
annum. 
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The chlorine gas, using platinum anodes, 
contains 99-6% chlorine, 0-2% hydrogen, and 
0-1% oxygen, whereas using carbon anodes it 
contains 96% chlorine, 3% hydrogen and 1% 
carbon dioxide. 

The chief advantage of the mercury process is 
the higher concentration of the caustic liquor of 
greater purity. The disadvantages are the 
higher power consumption, the largo amount of 
capital invested in mercury, and the high per- 
centage of hydrogen in the chlorine. 

Whilst tho mercury process is used almost 
exclusively in tho production of caustic soda, 
it may bo used for tho production of caustic 
potash, but with greater difficulty, sec Allmand 
and Ellinghnm, “ Applied Electrochemistry,” 
1924 ; Kurt Arndt, “ Technische Elcktro- 
chemie,” 1929 ; Engelhardt, “ Hnndbuch der 
Tcchnischcn Elektrochcmic,” 1931; Foerster, 
“ Elcktrochemio wfisseriger Losungen,” 1922 ; 
Billiter, “Die clektrolytische Alknlickloridzerie- 
gung mit starren Metallkatlioden, i, 1912, ii, 
1913 ” ; Lucion, “ Die clektrolytische Alkali- 
chloridzcrlegung mit fliissigen Katkodcn,” 1906. 

Cells with Fused Electrolyte . — Tho Vautin 
cell (B.P. 13568, 1893, and 9878, 1894) 
electrolysed fused NaCI or KCI, with or with- 
out tho addition of fluorides or other chlorides 
to lower the point of fusion, over a cathode of 
molten lead or tin with which the sodium or 
potassium formed an alloy (see paper by Vautin, 
J.S.C.l. 1894, 13, 448). 

Tho Acker cell is designed on tho same 
principle ns the Vautin cell, and makes use of 
tho lead cathode ( see B.P. 6636, 6637, 
1898). Below is a sketch (Fig. 17) of tho Acker 



Fig. 17. 

<*■11, taken from a paper by J. B. Kershaw in 
Electrician, 1902, 4S, 20. The bottom of 
the cell P is trough-shaped and of cast iron. 
It serves as electrical connection between the 
main conductor and the mass of fused lead L 
resting on it. The upper part of tho cell Q 
is constructed of any refractory basic material 
not attacked by chlorine gas or fused writ. The 
anode (J is of carbon and dips into the fused 
salt. The channels and subsidiary vessel It are 
arrangements designed to remove and decom- 


pose the lead alloy as it becomes sufficiently 
saturated with sodium. The decomposition of 
tbe alloy is effected by blowing steam into it, 
and the heat generated by the conversion of the 
sodium into hydroxide is returned to the cell 
and assists in maintaining the necessary tem- 
perature. The voltage actually taken by the 
Acker cell is 6-75, and the current efficiency 
54% (“Report of Commission on Science and 
Arts,” J. Franklin Inst. 1903, 156, [3] 221-4). 
The Acker cell was worked nt Niagara Falls on 
an industrial scale from about 1900 to 1907, 
when the works were completely burned down 
and have not been rebuilt. Fig. 19. 

The Cibn cell (Fig. 18) is used for the pro- 
duction of sodium by the electrolysis of fused 
sodium chloride, the production of chlorine 
being incidental thereto. 

It is described by Gesellschaft fiir Chemischo 
Industrie (B.P. 18300, 1910, and 17047, 1911) 
as constructed of fireproof brick so arranged 
that tho chambers for collecting the products of 
electrolysis are separated from each other 
by walls or diaphragms which are mainly 
vertical and are capable of resisting attack by 
the electrolyte and the products of electrolysis. 

Tho salt, which may be molten alkali chloride 
or mixtures thereof with other salts, is fused 
by an arrangement of heating resistances and 
additional electrodes for melting the electrolyte 
by alternating current, the resistances being 
used to produco a layer of molten salt. 

The Downs cell for the production of alkali 
metals and chlorine is described by the Roessler 
and Hasslacher Chemical Company of New 
York (B.P. 238956, 1924) as one in which tho 
metal halide salt is first heated, fused, and 
thereby freed from moisture in a large, separato 
compaitmcnt of tho cell before it is subjected 
to electrolysis in tho Becond compartment which 
is tho cell proper. 

The anode is preferably graphite, the cathode 
is either iron or copper, and these are sub- 
stantially concentric, whilst the cell container 
is a steel shell lined with suitable refractory 
bricks. 

Tho electrolytic compartment is formed by a 
combination of tho sodium collector and tbo 
chlorine collector from which two concentric 
diaphragms are suspended. The collector com- 
bination is submerged in tbe molten electrolyte 
and the sodium flows continuously from the 
collector up a riser pipe to a receiver. Tho 
upper portion of the chlorine collector is of 
reduced cross section, so that abovo tho collectors 
a considerable volume of molten salt is provided 
by tho fusion compartment, and by this means 
access of moisture or gaseous impurity into tho 
cell proper is avoided. Fig. 20. 

Sec also Billiter, “Schmelzfluss-EIektrolyso” 
Knapp, 1932. 

Electrolysis or Zinc Chloride. — Tho 
waste calcium chloride from the ammonia soda 
process was utilised from 1897 for some years by 
Brunner, Mond & Co., of lVinnington, as a source 
of chlorine. The process has now been dis- 
continued. By henting the liquor with crude 
zinc oxide and carbon dioxide the reaction 


CaCIj-f ZnO-f C0 2 =ZnCL+CaC0 3 




1. Fireproof brickwork. 

2. Cathode. 

3. Cathode conductor. 

4. Insulating sleeve. 

6. Anode. 

6. Diaphragm resistant to chlorine 


7. Chlorine duds. 

8. and 10. Diaphragm resistant to sodium. 

9. Bell collector for sodium with outlet 13. 

11. Resistor heaters. 

12. A.C. electrodes. 
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takes place, or by treating it with native zinc 
carbonate (calamine) the reaction 

CaClj-f-ZnC0 3 ==2nClj-f CaC0 3 . 

The filtered solution of zinc chloride is freed 
from its impurities (amongst which is a not 
inconsiderable amount of cadmium), and the 
resultant solution is electrolysed with carbon 
anodes and circular revolving cathodes that are 
only partially immersed, to produce chlorine gas 
and an exceedingly pure metallic zinc. Many of 
the details are due to C. Hdpfncr (B.P. 11724, 
1894, and D.R.P. 85812, 1895). Fuller 

details ore given in two volumes of "Mono- 
graphien uber angewandte Elektrochemic,” 


xvi., “ Die Darstellung des Zinks anf elek- 
trolyfischem TVege,” Gunther, 1904, pp. 99-180, 
and xxviii. “ Die elektroehemische und elektro- 
metaliurgischc Industrie Grossbritanniens,” 
Kershaw, 1907, p. 10S; and also in “Applied 
Electro-Chemistry,” Aiimand, 1912, p. 2S6. 

Proposals and Less Important Methods 
fop. the Manufacture of Chlorine. — Many 
processes have been proposed and tried for 
utilising the residual ammonium chloride, or the 
residual calcium chloride of the ammonia 
soda process, but with the exception of Hopfner’s 
zinc chloride method described above none 
are now in use. Many other processes have 



Fig. 20. 


A. Anode. 

B. Cathode. 

C. Cell container. 

F. Collector and dome for chlorine. 

G. Collector for sodium. 


H. Riser pipe for sodium. 

I, J. Pipe and receiver for sodium. 

K. Chlorine main. 

L, M. Diaphragms. 

X. Hole in cover for salt charging. 


n!«o been tried for preparing chlorine from 
various sources and in various ways, but have 
been abandoned. Some of these old methods 
are enumerated below ; fuller information may 
be obtained from Lunge’s “ Sulphuric Acid and 
Alkali,” 3rd cd., vol. 3. 

1. Chlorine from Ammonium Chloride . — The 
mo«t persistent efforts for the direct manu- 
facture of chlorine from NH,CI w ere made 
by Mond, who took out B.P. 65, 66, 1049, 
3238, of 1SSC ; 10955 and 17273 of 1SS7; 
2160 and 2575 of 1SS9. Articles dealing with 
the Mond process are found in J.S.C.I. 1892, 


11, 460: 1893, 12, 10, 63. There was also a 
proposition from the Verein fiir Chemischc 
Industrie of Mainz (B.P. 3322, 18S6). 

2. Chlorine from CaCI : . — Prolonged efforts 
for the direct recovery of the chlorine in the 
CaCI. produced in the ammonia stills of the 
ammonia-soda process were made by Solvav : 
B.P. 77 and 171 of 1877; 838 of 1880; 7258 
and 7259 of 1884; S724 of ISS5; 133S9 of 
1SSG; 18574 of 1SS8. Other patents : Tvynam’s 
process (B.P. 731 of 1885); Bramley’s process 
(B.P. 82S9 of 18S7); Lvte and Steinhart (B.P. 
21225 of 1890). 
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Chloride of Lime or Bleaching Powder. 
—Bleaching powder was first manufactured by 
Charles Tennant in 1799 at St. Rollox Works, 
Glasgow, the original patent being B P. 2312, 
dated 30 April, 1799. The first year’s output 
was 52 tons and the selling price £140 per ton. 
During the nineteenth century the production of 
bleaching powder reached extraordinary ton- 
nages, but for many tears row the amount 
produced has been declining. Tins is par- 
ticularly noticeable m North America, where 
the production at the present time is neghgible. 
In Great Britain the tendency is also marked. 

The reasons in the two cases are similar, to the 
extent that consumers of chlorine in the form of 
calcium hypochlorite find that technically and 
economically the production of these solutions 
from liquid chlonne at the place of use is prefer- 
able In the case of the electrolytic chlonne 
industry ui America, the heat of summer rendered 
production of bleaching powder a difficult and 
costly operation, and, m addition, the lack of 
stability of ordinary bleaching powder m 
climate caused considerable losses due to 
deterioration of stocks both at the producing and 
consuming works. 

Composition — Until 1935 the composition of 
bleaching powder had not been established m 
apite of over a hundred years of experimental 
work, partly on account of the innate complexity 
of the problem and partly by reason of the 
differences in samples made in different ways. 

From its method of preparation it w 
originally assumed to be a direct compound of 
. chlonne and lime, hence the name “ chlonde of 
limo ’’ ; but in 1835 Balard postulated 
compound or mixture of equivalent proportions 
of calcium hypochlorite and calcium chlonde, 
admixed with calcium hydroxide 

Odling, 1861, without any proof, suggested 
the constitution Ca(OCI)CI, which was accepted ( 
Vy "Lunge. Vhappi, and Hael because they' 
found that calcium chlonde as such does rot 
exist in bleaching powder, since the substance 
is not deliquescent nor is calcium chlonde 
extracted from it by alcohol. 

Although Kraut (Annalcn, I8S2, 214, 354) 
suggested the existence of a double salt hypo- 
chlonte-chlonde, the Odling constitution, 
Ca(OCI)CI, was generally accepted until 
recent yearn. The tendency in recent times to 
discredit the Odling constitution arose from the 
work of O’Connor, (J.C.S. 1027, 2700), which 
showed the existence of basic hypochlorites in 
the calcium hypochlorite-calcium hydroxide- 
water system. 

A most important contribution on this subject 
haa been made by Bunn, Clark and Clifford 
(Proc. Roy. Soc. 1935, 151, 141), who attacked 
the problem by phase rule methods, microscopic 
examination, and X-ray powder photographs. 
They showed that the first stage m the reaction 
is the formation of the basic bypoehlonte 
Ca(OCl),-2Ca(OH)j, and the basic chlonde 
C3CI,‘Ca(0H)]'H|0. On further chlorination 
the former is converted into another substance 
which appears to be a mixed crystal the chief 
constituent of which is calcium bypoehlonte. 

Ordinary bleaching powder containing about 


hypochlorite mixed crystal with basic chloride. 
Further chlorination resulted partial con- 
version of the basic chloride into the tetra- 
bydr&te CaCl,-4H,0, while tb« hypochlorite 
mixed crystal persists. 

The non-deliqueseent nature of bleaching 
powder and the difficulty of introducing more 
than 35-37% available chlorine into the solid 
are due to the presence of basic chlonde, 
CaCI,-Ca(OH),-H,0, which appears to be a 
very stable substance. 

These results appear to leave tbc nature of the 
bypoehlonte mixed crystal as the only sub- 
stantial problem that has still to bo solved. 

JIanufactube or Bleached Powder. — 
Although the production of bitching powder 
is rapidly declining, many improvements in the 
manufacture have been introduced. Attention 
has been directed to (i) improvement of working 
conditions and labour saving, (ji) avoidance of 
corrosion of materials, (in) production of a drier 
and therefore more stable product. 

IAmt — The quicklime used n lus t be of high 
grade if a strong bleaching powder is required. 
Silica should be low, since calcium and mag- 
nesium silicates interfere with the settling of 
bleaching powder solutions. ITO 11 compounds, 
bemg catalysts for the decomposition of hypo- 
chlorites, are objectionable. Manganese can, 
under certain conditions, bo converted to per- 
manganates and give rise to »n undesired 
purpbsh colour. 

Jiand slaking of lime has beer* entirely super 
seded by various entirely enclosed mechanical 
devices which save labour and prevent nuisance 
from escaping steam and dust. 

Although the limestone must be well burned 
to prevent excess of inert calcium carbonate, 
a “ soft burned " lime is preferred for bleach 
making. Moreover, since the chlorination is 
catalysed by water, the slaked lime should 
contain an excess ol " free" water. 

Bleaching Poicder Chambers . — -The traditional 
lead chamber or Weldon chamber process is now 
almost if not quite obsolete. The chambers 
were 10-30 ft. wide, up to 120 ft. long, and with 
areas up to 3,000 sq. ft. The height was about 
6} ft. to give reasonable head room. The 
floors were tiles or stone flags; the sides and 
top were 5 or 6 lb. sheet lead, fastened by 
external lead straps on an external timber 
framework. Floor joints were asphalted. 

The chambers were preferably erected on 
pillars, 7-10 ft. high, so that the finished bleach 
coaid be packed through trap doors in the 
chamber floor. The chambers were fitted with 
end doors of iron coated with protective paint. 
“ Lutes ” were provided for the introduction and 
removal of gases. 

The 3—4 in. layer of slaked lime w a3 spread by 
shovel and rake. For " gassing," the chambers 
were worked in series of four or more. The 
chlorine entered first a nearly finished chamber, 
and the unabsorbed gas passed in succession 
through other chambers which were further and 
further from being finished until the whole of 
the chlorine was absorbed. 

When a chamber was finished* the stream of 

j „ r — .chlonne was diverted into the next chamber. 

35% available chlonne is a mixture of this] Tberesidualchlorinein the finished chamberwas 
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removed either by dusting in lime by a Brock 
and Minton’s whizzer (B.P. 7199, 1886) or by 
draughting into a freshly limed chamber. In 
Great Britain it is illegal to open or vent to 
atmosphere a chamber containing more than 2£ 
groins of chlorine per cu. ft. of air. 

To overcome difficulties of penetration of 
the chlorine to the bottom of the lime layer, 
other systems of gassing were adopted involving 
tho “ tumiDg ” of the lime by hand at a half- 
way stage. 

100% chlorine cannot be used without dilution, 
since the heat of reaction causes the tempera- 
ture to riso highor than 55°, the temperature at 
which the bleaching powder decomposes 
vigorously. On tho other hand, Weldon 
chambers aro not very suitable for the absorption 
of oxtremoly dilute chlorine. This would 
involvo a disproportionately small output. 
Worked under tho best conditions tho output 
may be reckoned as 2-2 J lb. of bleaching powder 
per square foot of area per day (Lunge’s “ Sul- 
phuric Acid and Alkali,” 3rd ed., vol. 3, p. 618 ; 
21st Report of Chief Inspector of Alkali Works 
for tho year 1884). 

Various plant have been devised either to 
absorb dilute chlorine or to improve working 
conditions. 

Deacon chlorine because of its low strength 
was absorbed in a shelf chamber plant, Fig. 21, 
consisting of staggered sholvcs which formed a 
zig-zag path for tho gases. A shallow layer of 
limo was raked on each shelf, the lime being fed 
through holes in tho shelves which were succes- 
sively covered with plates as the shelves were 
charged from tho lowest upwards. 



The Hasenclever plant (B.P. 17012, 1888), 
shown in Figs. 22 and 23, consisted of several 
superimposed iron C3'linders fitted with central 
shafts carrying blades. The shafts were driven 
by geared wheels coupled togother and the set 
of the blades caused the lime fed at the gas 



outlet of the top cylinder to travel counter- 
current to the nscending dilute chlorine. This 
plant, designed for Deacon chlorine, was used 
for diluted electrolytic chlorine, but like the 
Deacon chambers haB been largely displaced by 
the following mechanical plant. 



Bacbnan Chambers . — This apparatus invented 
hy Ails Backman (G.P. 404768, 1922 ; 435019, 
’if' 1926) consists of a number (usually 

Ci ght) of superimposed substantially circular 


chambers, on the floors of which the descending 
lime and bleach are made to travel alternately 
from the centro of the floor to the rim and from 
the rim to the centre, by means of ploughs on 
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rotating arms, in counter current to a stream of 
chlorine. The chamber is constructed of con- 
crete and independent cooling coils are embedded 
in the concrete floors The product by this 
means can be kept at a temperature below 40'C. 

Moore Tcbe — The Moore rotary tube (B P. 
113457, 1916, Moore and Castner-Kellner Alkali 
Co, Ltd) is described as a rotating cylinder 
not much shorter than 81) ft long, preferably 
with a suitable fall, and lined with tiles or other 
suitable material, through which lime tracels 
counter-current to chlorine Advantages 
claimed are the absence from the bleaching 
powder of products of corrosion of iron which 
«sw instability, and reduced maintenance 
costa 

Radge Tube — The Rudge rotary tube (BP 
126773, 1918, Rudge and United Alkali Co, 
Ltd ) is described as a rotatable cylinder, usually 
CO ft long, earned horizontally on rollers and 
fitted with lifters which cause the lime to travel 
in counter current to chlorine gas The ej Under 
is made of mild steel and can be cooled bv an 
external water spray where required Also a 
circulatory system is adopted for the chlonne 
gas With permissive external cooling (see also 
Nydegger, O P. 370841, 1920) 

Stable Bleachtno Powder — The keeping 
properties (stability) of bleaching powder have 
been the object of study since 1874 In recent 
years more attention *bas been paid to this 
problem with the object of producing a stable 
product. 

In J S C I 1918, 37, 31 IT, an article by Rettie, 
Lorrain Smith and Ritchie describes tests 
with bleaching powder to which quicklime had 
been added in order to reduco by its slaking 
tho free water and water of crystallisation of 


bleaching powder. The product was of lower 
available chlorine content but was remarkable 
for its stabihty (see also J.S C.I. 1921, 49, 240T; 
B.P. 242S05, 1924, Lamblo and United Alkali 
Co, Ltd. ; B.P. 349358, 1930). 

In 1925 Conroy, Larable, Latham and 
United Alkali Co , Ltd , devised a process for 
the production of dry and, therefore, stable 
bleaching powder (B P. 246000). Further 
technical improvements in the production of dry 
bleaching powder are described in B.l\ 317572, 
Moore, Lamble, and I.C.I., Ltd., 192S; and 
B P. 344012, Carter and I C.I , Ltd , 1929 

Stable bleaching powder is particularly 
desired for use m tropical countries, which has 
resulted m the product becoming known in the 
trade as “ Tropical ” bleach A novel process by 
Camigbi and Paolini of Societa Elettnca ed 
Elettrochimica del Caffaro for the production of 
dry bleaching powder is described in B P. 
317716, 192S , 362068, 1930; and 365019, 1931, 
according to w hich hydrated lime in suspension 
in carbon tetrachloride is chlorinated and the 
solvent removed by distillation, which removes 
the water at the same time The product is 
known as “ Sichlor ” ( see also Chem Met. Eng. 
1932, 39, 140; B.P 357933, I.G. Parben- 
fabnken) 

The effect of heating bleaching powder is 
discussed by Ditz (Z Angew. Chem. 1901, J4, 
3, 25, 49, 105). 

The following table gives the composition 
calculated from analyses of various types of 
bleaching powder. Under the heading ** Heat 
Test," are given the results of heating samples in 
test tubes to 100°C for 2 hours, a convenient 
method of comparison of the stabihty of bleach, 
uig powders. 



Chlorine | 

CaOClj 

C.C1, 

Citcio,), 

Cj'OhJ 

CaCO, 

H,0 

Avail 

Cl, 

after 

heat 

tegt 

Avail 

able 

Total 

^ Chamber bleach 

39 58 

40 10 

70 79 

0 78 






Hnsenclever bleach 

36 20 

37 90 

64 SO 

2 46 




4 99 


Moore rotary bleach 

36 85 

39 26 

65 93 

3 36 




5 95 



Rudge rotary bleach 

3o 7o 

37 30 

63 98 







Backman bleach 

3S 20 

38 90 

68 38 

1 09 




9 56 


Tropical bleach 

35 85 

39 36 

64 13 

5 03 

0 75 

26 53 


116 

32 75 

Caffaro bleach 

37 50 

38 97 

67 11 

2 19 

0 20 

20 48 

100 

1 84 

33 00 


Bleaching Pmcder : l{ ea t of Formation — 
Results expressed as cals, per kg of available 
chlorine. 

O. Nydegger (Chem Met. Eng 1923, 30, 
1141), 265,000 cals 

Neumann and Mjller IZ. angew. Chem. 1925. 
38. m), 247,000 cals. 

Neumann and Hauck (Z. Elektrochem. 1926, 
32. 27). 252,000 cals. 

The nature of the determination of these 
authorities was such that little or no water was 
evaporated, but no record of the free water 
content of the 1 leach was given. 

Sfeacfi Liquor. — Bleach liquor u produced I 
In chlonne works for dehrery within a circam ( 


scribed area It is also made by solution of 
bleaching powder in water , the large amount of 
sludge remaining may, however, cause difficulty 
in disposal The amount of sludge may be 
reduced by chlorination of the free lime, liquid 
chlonne being used for the purpose. As a farther 
step, milk of lime may be directly chlorinated. 
Since 1918, when liquid chlorine has become 
generally a\ ailable m Great Bntain, these later 
processes tend more and more to be adopted, 
prosing more economical. During the prepara- 
tion of bleach liquor decomposition occurs if the 
temperature exceeds 40°C. Evaporation of 
liquid chlorine is utilised for cooling by direct 
introduction of the liquid into milk of lime in 
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cast-iron vessels. In order to obtain complete 
absorption of chlorine in milk of lime a peri- 
pheral speed of 500 ft. per min. for the agitation 
is desirable, and the depth of the chlorinator will 
depend on the quantity of gns to be absorbed in 
unit time. 

A convenient method for the preparation of 
bleach liquors on a small scale (batches of 70 lb. 
chlorine) is by the use of the Golding-Pritchard 
chlorinator (B.P. 233490). Tho chlorino valve 
is automatically controlled by progress of tho 
chlorination, which causes the rise or fall of a 
gas bell. 

In addition to tho use of bleach liquor for 
bleaching cellulose, it is used for the removal of 
oxidisablo sulphur bodies from the lighter 
fractions of mineral oil. 

Analysis of Bleach Liquors and Allied Products. 
— Tho best method for tho determination of 
available chlorine is due to Penot. A suitable 
measured quantity of bleach liquor or other 
solution of hypochlorite is titrated with sodium 
nreenife solution in tho presence of an excess of 
sodium bicarbonate, tho end point being deter- 
mined by spotting, using starch iodide as an 
indicator. 

The alkalinity of hypochlorite solutions is most 
conveniently determined by titration of the 
solution with acid, using phcnolphthalein and 
methyl orango ns indicators, subsequent to 
destruction of tho hypochlorite by means of an 
excess of neutral hydrogen peroxide : 

Ca(0CI)j+2H 2 0j=CaClj-l-2H 2 0+20 2 

An apparatus for tho rapid determination of 
available chlorino in weak hypochlorite liquor is 
described by J. M. Taylor, Ind. Chem. 1929, 5, 
135. 

Calcium Hypochlorite,Ca(OCI) 2 .-Crystal- 
lino calcium hypochlorite was first prepared by 
Kingzctt (J.C.S. 1875, 28, 404; Chem. Nows, 
1875, 32, 22; 1882, 46, 120) by evaporation 
or freezing of bleaching powder solutions (see 
also Orton and Jones, J.C.S. 1909, 95, 751 ; 
Proc. Chem. Soc. 1909, 25, 74). It crystallises 
from water in minuto needles with 3 mols. of 
water of crystallisation (Urano, Trans. Electro- 
chem. Soc. 1920, 49, 05; O’Connor, J.C.S. 
1927, 2700). The solubility of calcium hypo- 
chlorite in water at 0°C. is 21-8%. With 
hydrated lime calcium hypochlorite forms 
basic hypochlorites, Ca(OCI 2 )-3Ca(OH) 2 and 
Ca(OCI),-2Ca(OH) 2 , which are less soluble 
than calcium hypochlorite. Sec O’Connor 
(i.c.), who studied iho system 

Ca(OCI) 2 /Ca(OH) 2 . 

The available chlorino content of bleaching 
powder (35-37% commercial standard) com- 
pares very unfavourably with pure calcium 
hypochlorite (99-2%). 

Since 1900 the large number of patents 
and the very appreciable volume of work 
indicate the interest of tho chemical industry in 
the production of pure calcium hypochlorite. 
Ihe successful exploitation of this work is due 
chiefly to Chcmischo Fabrik Griesheim-Elektron, 
I G., who market a product known ns “Pcr- 
chloron," which contains approximately 75% 
available chlorine. Griesheim-Elektron, (G.P. 


188524, 1906, and B.P. 8476, 1907), describe 
the chlorination of milk of lime nearly to 
saturation and concentration of the filtrate in 
vacuo. Crystals of calcium hypochlorite hydrate 
separate out, are filtered, and then dried in 
vacuo ( sec also B.P. 17859, 1914, and G.P. 
282746, 1913). The product is said to contain 
80-90% available chlorine and to be more stablo 
than bleaching powder. 

Mathieson Alkali Works Inc. market a pro- 
duct H.T.H. (High Test Hypochlorite) which 
contains upward of 60% available chlorine 
(Gage, Chem. Mot. Eng. 1929, 36, 295). 

In B.P. 317233, 1928 (Mathieson Alkali Works 
Inc.), it is stated that calcium hypochlorite in 
pure form is relatively stable, but the presence 
of calcium chloride in substantial amount makes 
it relatively unstable, owing to the hygroscopic 
properties of the salt. 

The low solubility of basic calcium hypo- 
chlorite may be used in tho production of cal- 
cium hypochlorite to remove calcium chloride 
from tho product at an intermediate stage : 

(1) 6Ca(OH) 2 +2CI„ 

= Ca(0CI) 2 -3Ca(0H) 2 +CaCI 2 +2H 2 0 

(2) 2[Ca(OCI) 2 -3Ca(OH) 2 ]+6CI 2 

=5Ca(0Cl) 2 +3CaC! 2 +6H 2 0 

The preparation of basic calcium hypochlorite 
is described in G.P. 195896, 1907, and 373847, 
1921, B.P. 182927, 1921, and 188662, 1922, 
of Griesheim-Elektron ; and its isolation by 
centrifuging is described in G.P. 451665, 1926, 
B.P. 276307, 1927, also of Griesheim-Elektron. 
A product containing approximately 40% avail- 
able chlorine and 5-15% of water is obtained. 

Dry basic hypochlorite has been sold under 
the name of “ Basogrelit.” Tho chlorination of 
basic calcium hypochlorite in aqueous suspension 
yields calcium hypochlorite which separates out 
under suitable conditions in crystalline form 
(G.P. 195896, 1907; F.P. 370863, 1906; U.S.P. 
934467, 1906; and B.P. 24101, 1906). Urano 
and Imai (B.P. 266180, 1920) describe the pro- 
duction of basic calcium hypochlorite by the 
addition of the requisite quantity of lime to a 
clear solution of bleaching powder and conceh- 
tration in vacuo. In B.P. 266181, 1926, tho same 
inventors treated the basic salt obtained accord- 
ing to tho previous patent with water, filtered 
off the lime and obtained calcium hypochlorite 
by concentration in vacuo. The dried product 
contained 90-99% available chlorino. 

F. N. Kitchen and I.C.I., Ltd. (B.P. 378847, 
1931), and F. T. Meehan, F. N. Kitchen, and 
LC.I., Ltd. (B.P. 404627, 1932) describo cyclic 
processes for tho production of normal calcium 
hypochlorito by separation of either monobasic 
calcium hypochlorite or dibasic calcium hypo- 
chlorito ns on intermediate stage. Tho mother 
liquor is rejected. Tho separated basic calcium 
hypochlorito is subsequently chlorinated in tho 
presence of additional water to produce solid 
normal calcium hypochlorite. The mother 
liquor separated from the crystals of normal 
calcium hypochlorite is recirculated to the first 
stage in the process, where it is mixed with 
additional lime slurry. The dried product 
contains 75% or more available chlorine. 
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A series of patents by Mathieson Alkali 
Works Inc. describes the production of calcium 
hypochlorite by neutralisation of hypochlorous 
acid with milk of lime- HypoehJorous acid is 
produced by chlorination of a suspension of 
calcium carbonate. The aqueous solution is 
extracted with carbon tetrachloride (containing 
2% alcohol) or amyl alcohol (UJS.P. 1481039. 
1924; U.S.P. 14S1040, 1924; U.S.P. 1632483. 
1927; B.P. 193366. 1923; B.P. 216450. 1923). 
The chlonne may be removed as a solid organic 
derivative such as acetochloroanihde, which 
reacts slowly with water to give hypo chlorous 
acid (U.S.P. 1609328. 1926). 

Mathieson Alkali Works Inc. has a senes of 
patents for the production of calcium hypo- 
chlorite which are based on the addition of 
alkali either as caustic soda or sodium hypo 
chlorite to lime or chlorinated lime suspensions. 
In this way calcium chloride is replaced by 
sodium chloride, which results in easier removal 
and purification of the solid phase • 
2Ca(OH) l +2Cl l -Ca(OCI) 1 +CaCI,+2H x O 
CaCI,+2NaOH =Ca(OH) t +2NaCl 
Cad, ) 2NaOCI Ca(OCI),4-2NaCI 

The solid phase consists essentially of calcium 
hypochlonto hydrate and sodium chloride, and a 
product of high available chlonne content can be 
obtained, which is presumably dried in vacuo 
(G.P. 473924. 473925, 473975, 473976. 4740S0, 
474220, 477333; B.P. 314447, 321250, 321720, 
323205; 1927-1928) 

An analysis of the Mathieson product b ; 


Available chlonne 
CaCI, . . . 
Free lime 
Inert constituents 
Water . . . 


(Gage, Chem Met. Eng. 1929, 36. 295). 

The production of a tnple aalt, 

Ca(OCI),,NaOCI,NaCI,12H,0, 
by the addition of sodium chlonde to a eolation 
made by chlorination of lime is desen bed 
B P. 317437,319727, 320182, 1927, of Mathieson 
Alkali Works Inc. 

The use of caustic soda to displace some of the 
lime used in the process of manufacture of 
calcium bypochJonte would appear to result 
an increased cost of manufacture. 

The obvious difficulties in the manufacture of 
calcium hypochlorite are : 

(1) The chlorination of a cream of lime, 
cream of lime which is fairly fluid becomes 
thicker as the formation of basic calcium bypo- 
chJonte takes place until it has the consistency 
of porridge. Further chlorination to calcium 
hypochlonto causes an increase in fluidity. 
Great care is essential if decomposition of 
hypochlonto to chlorate is to be avoided. 

(2) Calcium hypochlonto hydrate in the form 
of fine needles must be freed from a fairly 
concentrated solution of calcium chlonde if a 
high-test final product is to be obtained. The 
operation presents considerable difficulty. 

(3) The materials of construction of the plant 


must be selected to prevent the product beeom- 
contaminated with catalytic bodies which 
would cause decomposition, eg. salts of iron, 
nickel, etc. 

(4) Drying of the filter cake must be carried 
out at low temperature, otherwise decomposition 
similar to that of bleaching powder on heating 
will take place (Ditz, Z. angew. Chem. 1901, 
14. 3. 25, 49, 105). 

" Maxoclor," a calcium hypocldonte product 
taining 75% or more of available chlonne, is 
manufactured in England by Imperial Chemical 
Industries, Ltd. “ Perchloron ” is manufactured 
in U.S A. by Pennsylvania Salt Co, at Wyandotte 
(Chem.-Ztg., Oct. 1931, 780). 

Manufacture of calcium hypochlorite is carried 

it w Japan by Kojimachi-Ku Co. (World 
Trade Notes on Chemicals, Feb. 1931, v. 2). 

Potassium Hypochlorite Solution 
(Chlonde of Potash or Eau de Javelle). — This 
liquor was first made in 1789 at the Javel 
Works near Pans, and was the first bleaching 
compound known. It was then made by passing 
chlorine into a solution of potashes (crude 
potassium carbonate) in eight parts of 
water. It is no longer used, having been 

iplaced by the cheaper sodium and calcium 
hypochlorites. 

Sodium Hypochlorite Solution (Eau de 
Labarraque, usually called Eau de Javelle) — 
As originally prepared, bj passing chlorine into 
a solution of sodium carbonate until the liquid 
began to effervesce, sodium hypochlorite 
solution was very unsta ble. This high instability 
was caused by the presence of substantial 
amounts of hypochlorous acid, which is a weaker 
acid than carlximc acid. 

Hypochlorite of soda solution if now prepared 
by one of the three following processes . 

1. By double decomposition of calcium 
hypochlorite and sodium carbonate or sulphate 
with precipitation of the calcium as carbonate 
or sulphate : 

Ca(OCI)|-f CaClj-1 2Na t COj 

=2CaCO,+2NaOCH-2NaCI 

The calcium hypochlorite may fie as bleaching 
powder or as one of the modem “ Ugh strength ” 
calcium hypochlorites. This method is usually 
adopted for bleaching purposes m smaller 
factories. 

2. By passing chlonne into a solution of 
caustic soda until nearly all the soda is chlonn- 
ated: 


Cl 1 +2NaOH = NaOCI+NaCl4-H 1 0 

Substantial amounts of this solution are made 
at electrolytic alkali works, and sold at strengths 
of 10-15% available chlonne. Sodium hypo- 
chlonte may, however, be conveniently prepared 
«n situ from sodium hydroside solution and 
liquid chlonne. 

It has been found necessary to leave a small 
amount of free sodium hydroxide, say 03%, 
in order to make the solution stable. 

3 By electrolysis of bnne solution. Under 
Production of Chlonne, electrolytic cells devised 
to liberate chlorine from common salt solution 
have been discussed. In the case of the prepara- 
tion of sodium hypochlonte there is no necessity 
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when the electrolysis starts to keep the renin 
product*. chlorine nn<i caustic soda, apart ; 
indeed, they must Ire brought together. This 
contravenes tho generalisation that the pro- 
ducts of electrolysis must be kept separate in 
the cell and, consequently, a sodium hypo- 
chlorite cell compares scry unfavourably svith 
the chlorine cell svith subsequent recombination 
of chlorine and caustic soda outside the cell. 

As in chlorine cells (excluding those svith 
mercury cathodes) the primary products of the 
electrolysis arc hydrogen and caustic soda at 
the cathode, and chlorine at the anode. With the 
reiving of catholyte and nnolyte, sodium hypo- 
chlorite is formed : 

cl+2oh'— cr+ocr+ h 2 o 

or CL-f 2NaOH — NaCl-f NaOCl+ H 2 0. 

Since sodium chloride is reformed, the net 
reaction 

NaCI-j-H 2 0-=Na0CI+H 2 

is the result of the passage of tsvo faradays. 
A number of side reactions are important. Since, 
in spite of mixing, there sv ill be an excess of 
chlorine near the nnode, sodium chlorate svill be 
formed chemically : 

2HCIO + CIO' — CI0 3 '+2Cr+2H' ; 

hut, at ordinary ssorking temperatures, this 
reaction is slosv and unimportant. Electrolytic 
reactions arc more important. At tho cathode, 
hypochlorite is reduced by the nascent hydro- 
gen : 

C10'+2H‘=Cr+ h 2 o 

The efTccts of this reaction may be lessened 
by the addition of potassium chromate, a vana- 
dium salt, sodium resinnte, or Turkey red oil 
in presence of calcium salts. These agents 
appear to yield a thin porous diaphragm round 
the cathode and so prevent tho bulk of the 
solution from coming into contact ivjth the active 
hydrogen. 

If the hypochlorite ion concentration in the 
anode layer becomes appreciable hypochlorite 
ions ui|| bo released. According to Foerstcr 
and Muller (Z. Elektroehem. 1902, 8, 605), the 
net reaction is : 

eCIO’+3H.O 

‘ =6H-+2CI0 3 '+4CI'+U0 2 +6e 

This reaction limits the hypochlorite con- 
centration attainable, although loss may bo 
minimised, at the expense of the lesser evil of 
chemical formation of chlorate, by not mixing 
efficiently in tho immediate neigh bourliood of 
the anode. Moreover, since the ratio of chloride 
to hypochlorite must bo kept high, a large 
consumption of salt is necessary. 

Allmand and Ellingham (“ Applied Electro- 
Chemistry, ’’ London, 1924, p. 375) summarise 
the most favourable conditions for the electro- 
chemical production of hypochlorite solutions 
as ; 

(1) An electrode arrangement which will 
permit of nti undisturbed diffusion layer being 
formed at the anode. 

(2) A neutral electrolyte. 
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(3) Strong NaCl solution, both to lower the 
resistance and to permit the production of 
stronger hypochlorite solutions. 

(4) Low temperature. 

(5) High anodic current density. 

(6) Presence of potassium chromate. 

(7) Use of platinised platinum electrodes. 

In spite of the very formidable difficulties, 
several technical cells have boon developed for 
use in districts where sodium hypochlorite or 
liquid chlorine is not readily available. 

Kellner Cell: Vertical Type (Fig. 24).— This 
cell, now obsolete, consisted of a stoneware 
vessel divided into a number of small compart- 
ments by glass plates fitting into small grooves 
in its sides. The glass plates were wound with 
platinum-iridium wire, which formed bipolar 
electrodes. The electrolyte was circulated 
rapidly through the cell and a cooling coil. 



Fid. 24. 


The Ilaas-Oetlel Cell consists of a rectangular 
box divided into small compartments by n 
scries of vertical bipolar graphite electrodes set 
in grooves. Tho clectrolyser stands in a tank 
of brine and circulation is effected automatically 
by the gas evolution. 

The Schuchert Cell is a large stoneware 
trough divided into 8 to 10 compartments by 
means of vertical glass plates. Tho bipolar 
electrodes may be all carbon or half may be 
carbon and the other half platinum-iridium foil. 
Circulation is by means of the hydrogen evolved 
and is through all compartments in series, thus 
differing from the Kellner vertical and Haas- 
Octtel cells, where several passages through one 
compartment are obtained. Some types of 
Schuckert cell are provided with alternate 
cooling compartments. 

Kellner Cell: Horizontal Type (G.P. 165486, 
1902). — This cell consists of a long concrete 
trough divided into compartments by vertical 
plates of glass. The compartments are arranged 
as a cascade and the horizontal electrodes of 
platinum-iridium are bipolar, acting as cathode 
in one compartment and as anode in tho next. 
The electrodes pass beneath the glass divisions 
and the cathode is above the anode. The 
electrolyte flows by gravity through all the 
compartments in series (Fig. 25). 
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C cm pari ton of CtUs — The following table is 
based on figures given by Allmand and Elhrg- 
ham (op. cit.) • 

Crams avail. Iw hra. Tons of salt 
Ci« per per ton of per ton of 
Typo litre avail Qj. avail. O t 

Kellner (vertical) 12 6,600 12-5 

Haas-Oettcl . . 12 3 6.500 14 

SchucLert ... 20 6,100 7 5 

Kellner (horizontal) 25 6,100 6 

It will be seen that normally these cells cannot 
compete with sodium hypochlorite or liquid 
chlonne produced by an al kal i works. 

For further details, see Allmand and Elling- 
ham (op cit ) ; or the article “ Hypochlonte 
and elcktnsc he Bleiche,” by B ilhter and 
Tuchs, in VoL 2, part 2, of Engelhardt’a “ Hand- 
bueh der techni3chen Elektrochecne ” ; Kurt 
Arndt, “ Tcchmache Elehtrochemie.*’ 

Uses of Sodium Hypochlorite Solutions — I 
The chief me of sodium hypochlonte solution 




is the bleaching of high quality fabrics made 
from vegetable fibres. It is also used m 
laundries. Sodium hypochlonte solution 
possesses strong germicidal powers and is used 
very extensively as a disinfectant. It is also used 
in the production of unshrinkable woollen goods 
Chlorates. — The chlorination of hot alkali 
solutions gives a mixture of chlonde and 
chlorate in the molecular ratio of 6 to I, accord- 
ing to the equation : 

GKOH + SCI^BKCl+KClOj-t-SHjO 
This contrasts with the reaction in the cold 
to give hypochlorite : 

2KOH+Cl*=KCIO+KCl-f-H I 0 ; 
but heating the hypochlorite solution after 
neutralisation of the residual alkalinity causes 
decomposition to chlorate. Empirically the 
reaction may be written 

3KCIO— KC10,+2KCI, 


but the actual mechanism is possibly very 
complex. 

JUHCFACTCRE OF CHLORATES. — 1. CHEMICAL 

Methods — Originally potassium chlorate was 
manufactured by chlorination of potassium 
hydroxide solution, but this process was 
abandoned owing to the conversion of over 
five sixths of the expensive potassium into 
relatively useless potassium chloride. A 
suggestion of Liebig led to the adoption of a 
process depending on the chlorination of milk 
of lime to calcium chlorate and calcium chlonde, 

ecafOHj.+eci, 

= 3Ca(OCl) J +3CaCI,+ 6H 1 0 1 

3Ca(OCI)j=Ca(CIO a ) 1 +2CaCI t , 
followed by double decomposition of the 
calcium chlorate with potassium chlonde to 
give potassium chlorate : 

Ca(C10 s ) 1 +2KCl=CaCl,+2KCI0 J 

Since calcium chlorate, calcium chlonde, and 
potassium chlonde are all very soluble in 
water, and potassium chlorate is only sparingly 
soluble, the reaction could be carried out with 
little loss of potassium chlonde. 

The first stage, the preparation of calcium 
hypochlorite solution, was carried out in 
cast-iron vessels The temperature was kept 
below 35°C. to decrease the decomposition of the 
hypochlonte to chloride and oxygen, 
Ca(OCI),=CaCI,+ O t , 
a reaction catalysed by iron salts. 

When all the lime was neutralised spon- 
taneous decomposition to chlorate took place 
with considerable rise in temperature. The 
crude solution of calcium chlorate and calcium 
chlonde was concentrated and settled or filtered. 
After addition of a slight excess of potassium 
chlonde eolation, the eolation was once more 
concentrated, settled, and the clear solution 
cooled. The crude potassium chlorate was 
purified by recrystallisation. 

Two important variations of this process 
were worked out In the P£ehiney process the 
original solution of calcium chlorate and calcium 
chlonde was concentrated until a considerable 
amount of the calcium chlonde had crystallised 
out (probably as CaCl t .6H t O) In this way 
the amount of calcium chlonde remaining in 
solution could be reduced to a molecular ratio 
CaCl t - Ca(CIO a ) t of 1-2 : 1. There was,' there- 
fore, a gTeatiy decreased bulk of calcium chlonde 
solution with consequent decreased losses of 
potassium salts in the mother liquors. 

In the Muspratt process magnesia was used 
instead of lime. The molecular ratio of chloride 
to chlorate was only about 6-1 : 1, as against 
5 3:1 for the lime process. The liquor was 
evaporated and magnesium chloride hexa- 
hydrate crystallised out until the molecular 
ratio of chlonde to chlorate in the solution fell 
to 2 8:1. After double decomposition of the 
magnesium chlorate with potassium chloride 
and cry etalhsation of the potassium chlorate, 
magnesium chlonde was recovered from the 
mother liquors. This process had two serious 
disadvantages : 
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(1) Tho magnesium chlorido could not bo sold 
profitably. 

(2) Magnesium cldorido solutions aro very 
corrosive. 

Sodium Chlorate. — Owing to the great solu- 
bility of sodium chlorate, manufacture by 
chemical methods presented considerable 
difficulties. 

Pechiney Process . — The chlorate-rich solution 
obtained in tho Pd-chiney process for potassium 
chlorate was treated with solutions of sodium 
sulphate, precipitating all tho calcium as 
calcium sulphate. Tho solution of sodium 
chloride and sodium chlorato was concentrated 
by evaporation with separation of most of the 
sodium chlorido. Tho solubility of sodium 
chlorato increases rapidly with increasing 
temperature, but tho solubility of sodium 
chlorido increases little. Cooling of tho chlorate- 
rich solution, therefore, yielded sodium chlorato 
containing relatively little sodium chlorido. 

Jfu spratl Process ( see above ). — Tho liquors, 
containing inngnesium chlorato and reduced 
amounts of magnesium chloride, obtained as in 
tho process for potassium chlorate, were treated 
with sodium carbonate to precipitato all tho 
magnesium ns basic mngnesium carbonate, 
which was used to prepare magnesia for the 
initial chlorination. Tho solution of sodium 
chlorido and sodium chlorato was worked up ns 
in tho Ptchincy process. 

The chemical methods for tho manufacture 
of chlorates have been superseded by tho 
electrochemical mothods. 

2. Electoochemicai. Methods. — Under 
sodium hypochlorite [q.v.) it has been shown 
that chlorato may bo formed clcctrochemically 
by tho reaction : 

6C10'+3H,0 

*-6HM-2Cio 3 '+4Ci'-t-iJo,i-6c (i) 
or chemically by the reaction : 

2HCIO + CI0'=CI03'+2CI'+2H' (ii) 

Thcso two reactions aro the basic reactions in 
tho two types of cell which have been developed 
for tho production of chlorates. 

(i) Electrolysis of Alkaline Alkali Chloride 
Solutions . — Consideration of tho reaction (■) 
nbovo with tho necessary previous reactions, 

i2cr<=eci 2 +i2c. 

CCI 2 +60H'«=6ci0'-(-6Cl'-}-6H-, 

shows that, sinco hvpochlorito is both formed 
and decomposed by electrochemical reactions, 
tho formation of C gram-ions of chlorate is tho 
result of the passage of eighteen faradnys, of 
which twelve arc used to produco active oxygen 
in the form of chlorate and six yield gaseous 
oxygen. The maximum current efficiency is, 
therefore, 60-7%. Moreover, since hypoehlorous 
arid i« an extremely weak acid and n maximum 
concentration of hypochlorite ions at the anode 
is desirable, the alkali chloride solution must be 
alkaline. If the alkalinity is excessive, trouble 
is experienced owing to tho direct discharge of 
hydroxyl ions at the anode. 

tlnll and de Moutlaur (B.P. 4GSG, 18S7) 
described a process for tho production of 
alkali chlorates. A stoneware trough was 
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divided by a porous asbestos diaphragm. The 
cathodes were made of iron, or preferably 
nickel; the anodes were of platinum-iridium 
foil. The current density was 50 amps, per 
square decimeter, and tho voltage d-5 to 5-0. 

Although, according to Billiter (‘‘Tcchn. 
Elektrochemie,” II, 358), the current efficiency 
was only of the order of 25%, this process had 
considerable commercial success owing to its 
simplicity and the availability of x-ery cheap 
power. 

Hurtcr (B.P. 15396, 1893) also described a 
cell for tho production of potassium chlorato. 
by tho electrolysis of alkaline potassium chloride 
solutions. 

These processes have now been completely 
superseded by processes involving tho 
electrolysis of acidic alkali chlorido solutions. 

(ii) Electrolysis of Acidic Alkali Chloride 
Solutions . — Tho basic reaction of the production 
of chlorates by tho electrolysis of acid solutions 
of alkali chlorides is shown by equation (ii) above. 

This reaction proceeds extremely slowly in 
alkalino solution owing to the neutralisation of 
tho hypoehlorous acid. Hypoehlorous acid, is, 
however, a very weak acid, and the formation of 
chlorato may bo considerably accelerated by 
making tho solution weakly acidic. Moreover, 
tho temperature coefficient of tho velocity of 
reaction is high, so that increaso in temperature 
causes a very great increase in the rate of forma- 
tion of chlorato. Sinco formation of chlorate by 
tho dischargo of hypochlorito ions is disadvan- 
tageous (wasting energy), it is desirable to have a 
largo volumo of electrolyte compared with 
electrode area or total current, ns the chemical 
formation of chlorato proceeds throughout tho 
electrolyte, nnd is not restricted to tho neigh- 
bourhood of tho electrodes. Cathodic reduction 
is best avoided by tho addition of n small amount 
of potassium chromato. 

Originally platinum or platinum alloys wero 
extensively used ns anodes. Graphite is 
rapidly attacked at tho high temperatures 
(S0°-90 !> C.) originally employed, but the very 
great fluctuations in the price of platinum have 
Jed to tho uso of graphite at relatively low 
temperatures (40°C.). 

1. Barker Cell . — In tho cell dex-eloped by 
J. T. Barker for the United Alkali Co., tho 
container is n narrow- iron trough, tho lower 
part being covered with cemcnt. Tho cathode 
consists of the exposed part of the iron trough 
nnd a central iron cooling coil. Tho anodes aro 
vertical, cylindrical graphite rods. To decreaso 
oxidation of the anodes, the graphite is impreg- 
nated with paraffin wax or other inert organic 
material. The cell top is a plate of an asbestos 
composition and tho anodes are supported by 
ebonite rods passing through tho tops of tho 
graphite and resting across the top of the trough. 

A 1,500-nmp. cell is about 8 ft. long, 4 ft. 
deep, nnd 8 in. wide. The working temperature 
is about 40°C (Fig. 26). 

2. Aussiyer I ’crcin Cell.— In this ceil special 
attention has been pniil to the use of n large 
volume of electrolyte for a given electrode area, 
so that the chemical production of chlorate may 
bo accelerated while electrolytic discharge o’f 
hypochlorite ions is hindered.’ Only the lowest 
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quarter of the concrete trough is occupied by the 
electrodes which consist of alternate graphite 
slab anodes and iron strip cathodes All the 
anodes are connected to a graphite block, from 
which a graphite rod rises to above the electro- 
lyte The cathode connection is an iron bar 
passing through the side of the cell to which the 
individual cathodes are fastened. 

3. Angel Cell — In this cell also the volume of 
electrolyte is large, but the electrodes are 
suspended at the top of the cell with the space 
for the chemical reaction at the bottom Graphite 
anodes and iron cathodes are used, and a special 
feature of the cell is the setting of the cathodes 
relevant to the anodes If the electrodes are 
set parallel, their resistance causes most of the 
current to pass between the tops of the elec 
trades, with consequent rapid destruction of the 
tops of the graphite anodes. In the Angel cell, 
therefore, the iron cathodes are set at an angle 
eo that the distance from the anode is greater 


at the top of the electrode than at the bottom. 
This gives more even u ear and longer life of the 
anodes. 

The cell container is either iron or lead- 
covered iron. The temperature is maintained 
at 40°-50°C. by circulation of the electrolyte. 

Safety Precautions in the Manufacture and 
Use of Chlorates — Owing to the very high 
proportion of available oxygen, chlorates are 
dangerous in contact with combustible materials. 
In Great Britain special washed clothing must 
be provided for every worker engaged in 
crystallising or grinding chlorates. The use of 
wooden vessels for crystallising potassium 
chlorate has m the past led to disastrous fires 
and explosions. 

Uses of Chlorates — Chlorates have been used 
in the manufacture of matches and explosives 
and in the development of dyes. A recently 
developed use is that of sodium chlorate as a 
relatively non-toxic weed killer, but a dis- 




Fio. 26. 


advantage is the nsk of fire when wood or other 
combustible material is left in contact with these 
substances 

Perchlorates. — Although potassium and 
ammonium perchlorates are technically more 
important than the hygroscopic sodium per- 
chlorate, sodium chlorate is the usual raw 
material since its great solubility is advantageous 
for the electrolytic preparation of sodium per- 
chlorate Although the empirical sura of the 
cell reactions may be written 

NaC10 J +H t 0 = NaCI0 4 +H 1 , 
the actual mechanism of the reactions is very 
complex, chlorites being probably formed as an 
intermediate, while chlorides are inevitable by 
products of the reactions The mechanism of 
this formation has been represented as the 
result of. 

(i) cathodic reduction of chlorate, 

(u) chemical decomposition of chlorate, 

4NaCIO,=3NaCt0 4 +NaCI, 

(iii) tho reactions 

2HCIO t =HCIOj-fHClO 
3HC10 =HCIO,+2HCl 
The second of these possibilities is probably 
quite unimportant. 


As electrolyte a concentrated solution (60- 
70%) of sodium chlorate is used. The cathodes 
are iron and the anodes smooth platinum. A 
very high anode potential is essential and, 
therefore, graphite and magnetite are unsuitable. 
Normal cathode current densities of 10-20 amps, 
per Bquare decimetre are used, but tho anode 
current densities are extremely high, ranging 
from 30 to 70 maps per square decimetre. 
Originally low temperatures were used, but 
modem practice allows temperatures as high as 
60°C. 

The discharge of perchlorate ions, with con- 
sequent release of oxygen and drop in current 
efficiency, is not serious until very high per- 
chlorate chlorate ion ratios are reached. This 
fact is important, since potassium perchlorate 
and potassium chlorate form mixed cry stats, and 
a very high sodium perchlorate sodium chlorate 
ratio must, therefore, bo obtained in tbe electro- 
lytic celL 

In practice, current efficiencies are about 80- 
00 %. 

Perchlorates are used extensively in sotno 
types of explosives. In recent years pcrchlono 
acid has biren used as an important analytical 
reagent (r. Chemical Analysis, Vol. II, p. 534d), 
and magnesium perchlorate) anhydrone) as a 
drying agent in analysis. 
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JUbUography . — Allmand nnd Ellinghnm, 
‘‘Applied Electrochemistry,” 1924 ; “ Hnndbuch 
der technischcn Elektrocliemie,” vol. 2, part 2, 
edited by Engclhardt, article “ Die clektro- 
lytische i’crchlorntcrzeugung,” l>y Billiter and 
Fuchs; Wintelcr, Z. Elektrochem. 189S, 5, 
50, 217; 1901, 7, 635; Oechsli, ibid. 1903, 
9, 807 ; Ulan and Weingnnd, ibid. 1921. 27, 1 ; 
Coulcru, Chcm.-Ztg. 1906, 30, 213; Bennett 
nnd Alack, Trans. Electroehem. Soc. 1916, 
29, 323; Howard, ibid. 1923, 43, 51; 

Williams, Trans. Faraday Soc. 1920, 15, 134; 
Knibbs nnd Palfrcemnn, ibid. 1921, 16, 402, 
424 ; Foerster, “ Elektrocliemie wasscriger 
Losungen.” 

Hydrochloric Acid. — Commercial hydro- 
chloric acid is a more or less pure solution of 
hydrogen chloride, HCI, in water. 

Hydrogen Chloride is a colourless gas, of 
sp.gr. 1-2596 (air=l) and molecular weight 
36-404. Its ni.p. is -lIl-4 c C.nnd b.p. -85-0°C., 
nnd its critical constants are : temperature, 
51-5°C. ; pressure, 81-G atmospheres; density, 
0-424. Vapour pressures greater than one 
atmosphere are given by- the formula 

logic 7J=7-09- — - -0-0105T+0 000014T 2 

where T is the absolute temperature. 

The heat of formation of a gram-molecule of 
hydrogen chloride i,s 22,000 cals. 

Hydrogen chloride is very soluble in water, 
the solution being commonly known ns hydro- 
chloric acid, muriatic acid, or spirits of salt. 

The following tables are abstracted from 
“International Critical Tables,” to which refer- 
ence should be made for more detailed statements 
of physical properties. 


*-» C<J 

*5 o 3 - 

I)cn»Ity (k. per millilitre) at 

c . £ c 
££2 

0’C. 

10’C. 

20=C. 

50’C, 

100”C. 

1 

1-0052 

1-0048 

1-0032 

0-9929 

0-9030 

o 

1-010(1 


1-0082 

0-9977 


4 

1-0213 


1-0181 

■ ft? t 

0-9791 

6 

1-0319 

1-0303 

1-0279 

H nj " 


8 

1-0123 

1-0103 

1-0376 

8^11 1 

0-9992 

10 

1-0528 

1-0504 

1-0174 



12 

1-0034 


1-0574 

* 


14 

1-0741 

1-0711 

1-0075 

j 

mtj : t 

16 

1-OS49 

1-0815 

1-0770 

■ lit? ! 


18 

1-0958 

1-0920 

1-0878 

1-0743 

' " 

20 

1-1007 

1-1025 

1-09SO 

1-0S40 


2^ 

1-1177 

1-1131 

1-1083 

■Binxa 


24 

1-1287 

1-1238 

1-1187 

IB 08 

Ex * ' 

26 

1-1396 

1-1344 

1-1290 

1-1129 

R? i ! 

28 

1-1505 

1-1449 

1-1392 

1-1224 

1-0942 

30 

1-1013 

1-1553 

1-1493 

1-1318 


32 



1-1593 



34 



1-1091 



36 



1-1789 



38 



1-1885 



40 



1-19S0 




For density determinations by hydrometers, 
fft B.S.S. 718. 1930. 
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Vapour Pressures of Hydrogen Chloride 
Solutions at 25°C. 


Weight percent- 

Partial pressure of 

Partial pressure of 

age of HCI. 

water in mm. Hg. 

HCI in mm. Hs. 

G 

21-8 

0-00131 

10 

20-0 

00007 

14 

18-0 

0-0310 

18 

15-4 

0-148 

20 

14-1 

0-32 

22 

12-6 

0-68 

24 

11-4 

1-49 

26 

9-95 

3-20 

28 

8-75 

7-05 

30 

7-52 

15-1 

32 

0-37 

32-5 

34 

5-35 

G8-5 

36 

4-41 

142 

38 

3-60 

277 

40 

2-88 

515 


The behaviour of aqueous solutions of HCI 
under varying conditions of temperature and 
pressure has been studied by Roscoe nnd 
Dittmnr (J.C.S. I860, 12, 128). They found 
that concentrated hydrochloric acid on heating 
loses both gas nnd water, but as the proportion 
of HCI to H 2 0 is higher in the vapour than 
in the original liquid, the residual liquid 
gradually’ becomes weaker, until a sp.gr. 
of 1-101 nnd a percentage of 20-24 HCI nro 
attained at a boiling temperature of 1 10° ; 
the acid in this stnte distils without change, 
provided the atmospheric pressure is 760 mm. 
At a lower pressure the acid distilling unchanged 
is stronger, at a higher pressure it is weaker. A 
similar, but not identical, limit is attained when 
strong acid is exposed to the air at ordinary 
temperatures. 

The table (p. 70n) from Lunge nnd Hurter, 
“Alkali-Maker’s Pocket Book,” 1884, gives tlio 
percentages of HCI in aqueous hydrochloric 
acid of various -specific gravities nnd at a 
temperature of 15°. 

Lunge and Hurter’s “Alkali-Maker’s Hand- 
book” 1891 gives somcwhnt lower figures. The 
table in the right-hand column of p. 70 gives 
corrections of the hydrometer readings for 
vurying temperatures. 

The Manufacture of Hydrochloric Acid . — 
The Leblanc soda process, which had been 
gradually diminishing in importance since 1902 
in Great. Britain, ceased to be operated in 1920, 
although considerable quantities of saltcuke are 
still manufactured for the sulphate pulp, glnss 
making, and sodium sulphide processes (see 
“ Merseyside,” S.C.I., Liverpool, 1924). This 
decline of the Leblanc process provided n 
growing output for hydrochloric acid produced 
from electrolytic chlorine nnd hydrogen. 
There was a rapid increase in the manufacture 
of hydrochloric acid produced by combustion 
of chlorine in hydrogen which had' been already 
commenced by Castncr-Kcllner Alkali Co', 
Ltd., in 1912. This combustion on the principle 
of the Bunsen burner may be carried out in open 
or closed burners with an excess of hydrogen. 
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9 10 
10-09 
1109 
1209 

13 03 

14 03 

15 03 
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17 07 

18 07 

19 07 

20 06 
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22 00 
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1 24 05 
, 25 05 
, 26 04 
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28 04 
1 1 145 I 29 03 
j 1 150 30 03 


1 135 
i ico 
I 163 

1 170 
1 175 


3103 
J2 02 

33 03 

34 03 
33 01 


Grams 

HCI 

per litre 

1 cubic 
foot 
weighs 
lb. 

1 cubic 
foot con- 
tains lb. 
Of HCI. 

1132 

62 66 

0 70 

21-45 

62 97 

1 34 

3167 

63 29 


41 99 

63 60 

2 61 

52-41 

63 91 

3 26 

62 93 

64 22 

3 92 

73 55 

64 53 

4 5S 

84 27 

64 84 

5 25 

95 09 

65 16 

5 93 

106 01 

65 47 

661 

117 02 

6548 

731 

128-14 

66 09 

800 

139 36 

66 40 

8 69 

150 63 

66 71 

9 40 

163 10 

67 03 

10 11 

173 62 

67 34 

10 S3 

185 24 

67 65 

11 55 

196 96 

67 96 

12 28 

208 78 

CS 27 

13 02 

220 70 

68 59 

13 70 

232 68 

68 90 

14 51 

244 80 

69 21 

15 27 

257 02 

69 52 

1604 

269 34 

69 83 

16 79 

2S1 76 

70 14 

17 57 

294 28 

70 46 

18 35 

306 90 

70 77 

19 14 

319 63 

7103 

19 93 

332 44 

71 39 

20 73 

343 36 

71 70 

21 54 

358 34 

72 02 

22 35 

371 44 

72 33 

23 16 

384 64 

72 64 

23 99 

397 94 

72 95 

24 82 

411 34 

73 20 

25 65 

424 84 

73 57 

26 49 

438 44 

73 89 

27 34 

452 14 

74 20 

28 20 

4GG00 

74 51 

29 06 

479 84 

74 83 

30 00 


In the ojx-n burner excess hvdrogcO is burnt by 
udmvs'ton of aw aboxe the chlorvr.e flame, 
resulting in an absorption svstein freo from 
l he d itycr of explosion In the closed burner 
excess hydrugc-n carries the hydrochloric acid 
pas to the adsorption sj stem. Great care is 
•me«sarj in this case to a\ old explosions Solo 
lions of hvdrochlonc acid mode from gas thus 
prepared m.i\ with care be produced of analytical 
reagent quality 

In former days small quantities of acid were 
produced by decomposing common salt with 
sulphuric acid in caat iron cylinders, and in 
order to utilise completely the relatively expen 
sue sulphuric und an excess of common salt was 
u«cd The solid product left m the cylinder ■ 
Consisted of sodium sulphate mixed w 1th 20-30% 
NaCI and was commercially known as 
Cylinder cake This method of production of 
hydrochloric and has, however, practically 
VOAScd 

Some time after the establishment of the 
IaUhic a kLi process in this country all the 


hydrochloric acid of commerce was obtained as 
& by-product of that process, which at first 
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produced hydrochloric acid gas in great excess 
of that which could he sold as hydrochloric acid 
liquor. Tho difficulty of tho situation was 
aggravated by now sources of hydrochloric acid 
which nro«o when acetic acid began to be 
chlorinated in great quantities by the Badischc 
Anilin und Soda Fabrik for the manufacture of 
monochloracetic acid and artificial indigo, and 
one organic compound after another came to bo 
chlorinated. Lastly, since the output of chlorine 
from tho electrolysis of tho chlorides of potassium 
nnd sodium was not sufficiently readily taken 
up, processes converting electrolytic chlorine 
nnd hydrogen into hydrochloric acid are now 
operated on a very large scalo. 

Hydrochloric Acid obtained in manufacturing 
Sodium Sulphate (Salt Cake ). — When Leblanc 
decomposed salt in order to obtain sodium 
sulphnto ho proposed to convert the hydro- 
chloric acid gas evolved into ammonium 
chlorido ; but when the Leblanc soda process 
was introduced into this country that part of 
his suggestions was not carried out, nnd the 
acid gas was regarded ns possessing no value, 
nnd it was allowed to escape into tho air. This 
continued to bo tho enso even after that manu- 
facture had attained a comparatively large 
extension, but tho damage caused to tho neigh- 
bourhood hy tho acid gases soon brought about 
tho intervention of local authorities and courts 
of law, nnd manufacturers had to pay com- 
pensation for the datnnees they had done. 
Repented penalties compelled tho alkali manu- 
facturers to seek means for condensing the acid 
gas. This was first successfully done in 183G by 
Gossagc's coko towers, but for many years after 
this there was still considerable damage done 
by escaping acid gas. Tho continued disregard 
by tho old alkali manufacturers for the rights of 
their neighbours led in Belgium, in 1850, to a 
Parliamentary Commission, and in this country 
in 1803 to Lord Derby’s Alkali Act, nnd the 
several subsequent Aots, by means of which 
British alkali makers were compelled to adopt 
efficient means for condensing their liydro- 
ohloric acid, nnd similar legislation has been to 
tho benefit of other manufacturing countries. 

Tho “ Annual Report on Alkali, etc., Works ” 
mndo by the inspectors under tho Alkali Acts 
forms an invaluable record of all tho various steps 
taken for improving the condensation of hydro- 
chloric acid, nnd havo helped to spread a better 
know ledgo of that process and havo caused 
manufacturers to improvo it up to tho highest 
standard of efficiency. 

Tho Alkali Act of 1803 mndo it incumbent 
on manufacturers of salt-cako to allow no more 
than 5% of the hydrochloric acid to escape 
into the atmosphere. An additional Act of 
1874 prescribed that no more than 0-2 grain of 
HCI might bo present in a cubic foot of the gas 
escaping from the factory into tho air. This 
corresponds to 0-454 g. HCI per cubic metre, 
or about three ten-thousandths by volume. 
Tho latter clause applies also to the chimney 
gases nnd not merely to tho gases escaping 
directly from tho condensing apparatus. 
Although these requirements were at first 
declared by many to bo impossible of fulfil- 
ment, the actual results proved at once that 


they were quite possiblo, and the escapes regis- 
tered by the Alkali Inspectors have averaged 
far below the limits assigned by the Acts. 
In 1885 only 2-13% of tho total hydrochloric 
acid was allowed to escape, and the chimney 
and other gases escaping into the air contained 
only 0-10 grain HCI per cubic foot. No 
change has been made in the limit fixed in 1S74, 
nnd the working of that Act remains satisfactory. 
Compare the survey of these Acts by tho 
Chief Inspector under these Acts in J.S.C.I. 
1802, 11, 120. 

Although the various processes and apparatus 
used for tho manufacture of sulphnto of soda 
produce gases differing within wide limits in 
temperature and concentration of HCI, an 
efficient condensation, i.e. practically complete 
absorption of tho HCI in water to form n 
liquid acid of 1-15—1-17 sp.gr., is usually 
obtained. 

The efficiency of the condensation of gaseous 
HCI in water is dependent on threo considera- 
tions : 

1. Temperature of the gas nnd of the liquid. 

2. Concentration of HCI in the gas> s to bo 
scrubbed and of the acid liquid to bo r reduced. 

3. Timo of contact between the gas and the 
liquid, and the average distance between tho 
gaseous particles nnd tho liquid 
particles, and also tho thickness 
of the liquid layer, and on its 
motions internal and ns a 
whole. 

On issuing from the sulphnto 
of soda plant the acid gases 
require cooling. Tho apparatus 
used for this purpose depends 
on the temperature of tho 
gases. 

If the gases issue from the 
pot or pan of a handworked 
salt-cake furnace, the tempera- 
ture is comparatively low. In 
this case the cooling is usually 
done in a row or rows of 
earthenware pipes. The pipes 
used are often unglazed, but 
arc rendered impervious to 
moisture nnd gas by boiling in 
tar. In some cases the earthen- 
ware pipes are substituted by 
glass pipes of 12 in. diameter, 
made slightly taper, ns shown 
in Fig. 27. The glass pipes are, 
of course, more liable to break- 
ages by accident, nnd also 
through the effect of violent 
changes of temperature, than 
the earthenware pipes, hut in 
sheltered positions they last 
well. 

For tho hotter gases issuing from an ordinary 
muffle-worked sulphnto of soda furnace or 
from tho cylinders of tho Hargreaves process 
cast-iron pipes arc commonly u^cd to cool tho 
gases to a safo temperature before passing 
them ns before into earthenware or glass pipes. 
Tho action of the hydrochloric acid gases on cast 
iron is very slight at a temperature well above 
tho condcnsing.point of liquid acid. 
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When open furnaces, whether “’hand " or: 
" mechanical ’’ (such as the Mac tear furnace), are | 
u«ed, the acid gases are 
mixed with the products 
of combustion, and are 
consequently much hotter 
and more dilute. Under 
these conditions extensive 
senes of cast>iron pipes 
are used for the preh nunarv 
cooling before passing the 
ga«os into the earthenware 
pipes for final cooling 
The earthenware pipes 
used arc usually 12 in. or 
13 in. diameter socket 
pipes, the jointa being made 
with a cement of tar and 
China ehy. The cast iron 
pipes i ary from 1 2 to 20 in 
in diameter, according to ‘ 
the quantity of gas and 
the arrangement of the 
cooling ajetem of pipes, 
they arc socket pipes, the 
joints being made by 
ramming into the socket iron filings moistened 
with ammonium chloride solution 
The arrangement of the cooling pipes depends 
on the relit n e positions of the salt cake furnaces 
and of the and condensers and the space 
ailable \\ Ik n the salt cake furnace is a long 


purpose of collecting any liqA Ic l deposited. 
The cisterns are usually made lA •hu lountry 




of silieious sandstone found in Vorkshire, and 
known as “Yorkshire flag ” The cisterns are 
composed of flags 
4-6 in thick, bound 
together by strong 
iron tics, and the 
joints made tight by 
thick indiarubber 
cord laid in a groove 
between the faces of 
the two stone3 or 
by a mixture of tar 
and fireclay, as in 
Tigs 28, 29, 30 
Hv one or more of 
the above arrange 
inents of pipes and 
cisterns the acid 
gases arc cooled to 


Tig 28. 


distmcc from the condensers, a single direct line 
of pipes mix l>e n Htiflirunt meins of rooling , 
where the ili'-tincc is small the necessary 
amount of cooling surface is obtained bj adding 



extra lengths of pipe that run vertically up and 
down and that start from a small stone cistern 
and return to another stone cistern for the 


45°, 


l to 1 


The cooling of w 
gas is far more im 
portant than the 
coolingof strong gas 
The gases next 
enter the apparatus 
where the hjdro 
chloric acid gas is to 
be converted into a 
liquid acid of com- 
mercial strength, 
and that m such a 
manner that jiracti 
cally hardly a trace 
of acid escapes con. 
densation 
The apparatus 
almost nni'ersatly 
used arc tall stone 
low era. packed 
with broken coke 



IV 31 


jpeeially arranged, down which a stream of 
water is allowed to trickle, and U P , ,c ji he 
gases are caused to flow (Fig- 3I )- Thee6 
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towers were indented and patented by Gossage, 
in 183G. 

The eohe toner has the merits of simplicity 
and, w lien carefully packed, of efficiency. 

The comparative efficiency of various modes 
of treating liquids with gases has been dealt 
with in a series of papers by Hurter, who also 
pnes some interesting data on coke-packed 
toners (J.S.C.I. 1883, 4, 039 ; 1887, 6, 707 ; 1893, 
12. 227, 989. Sec also thirl. 1919, 38, 75T ; 
1920, 39, 23 : Ind. Eng. Chem. 1924, 16, 1213; 
C'hcrn. Met. Ping. 1923, 29, 146; Trans. Amer. 
I n~t. Mm. Met. Ping. 1919, 12, 231 ; 1929, 22, 
Ifl'i). 

Coke toners are erections of considerable 
height, varying from about 40 ft. to GO ft. The 
hori70nt,d sectional area may vary from 25 to 
180 «q. ft. They are proMdcd with a grating a 
feu feet o\er the bottom, on which rests the 
coke which forms the “packing” of the 



loner. This coke, which must be of as hard a 
quality as possible (onlx the best oven-coke is 
applicable for this purpose), is disposed m 
such a way that the gas is as much as po-'ible 
diMcled in a large number of channels (none of 
them being so wide that the bulk of the gas 
c in pass up through it), and that the current 
of gas is constantly changed in direction. Tor 
this object long pieces of coke arc laid parallel 
in a row ; the next row is made to cross the 
loner one. and so forth. The size of the pieces 
is gradually diminished from bottom to top. 
Ill order to axoid an excessive quantity of the 
gas passing up the side of the condenser along 
the wall, it is usual to place a Inver of finer 
coke round the condenser for a .exv inches from 
the wall. Bx this arrangement there is effected 
both a great division and constant mixture of 
the gases, and at the same time a suitable 


spreading of the feeding water oxer a very large 
surface. One great advantage coke has over 
flints or other packings is that, owing to the 
roughness of its surface and its porosity, it 
alxxays retains a large store of liquid, which 
tends to keep the working of the condensers 
steady under a fluctuating flow- of acid gases, 
and to tide ox er difficulties occasioned by any 
unintentional stoppage of the liquor supply. 
The water (or sometimes xxeak acid) is fed in at 
the top by some contrivance assuring a uniform 
distribution over the whole area of the tower; 
and in trickling down it keeps the surfaces of 
the coke moist, and a very large area of contact 
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between flic gases and the liquid is thus pro- 
duced. Tlic-c towers are so simple to construct 
and so effective that of recent years there has 
been a growing tendency in England to do away 
xxith all cooling pipes cisterns, wash towers, etc., 
and to u=e a couple of xerv large stone towers to 
do the whole work of cooling and condensation 
for tw o or ex cn more salt-cake pots and furnaces. 
The tow ers arc w orked in scries, the w cak acid 
from the second or final tower being run down 
the first tower. In this way both complete 
absorption of the acid nnd the production of a 
strong liquid acid, i.c. one of oxer 1-13 sp cr., 
are assured. To condense the acid from two 



hand salt-cake furnaces the two towers may 
each he 5 ft- square and 50 ft. high. 

No difficulty is now experienced in pumping 
the weak acid made in the second condenser 
on to the top of the first condenser, either by . 
stoneware ram pumps, ebonite ram pumps, 
stoneware acid eggs, or occasionally even yet by 
the Harlehuret membrane pump, patented in 
1876. The ascending pipe is usually of stone- 
ware or ebonite, occasionally of lead. 

Brick towers are not to be recommended, as 
it is practically impossible to keep the numerous 
joints so tight that no acid ooze3 out. Columns 
of stoneware pipes cannot be made of a large 
area, and, therefore, are not very well adapted 
to large works, at least if mtended for coke 
towers ; but they do very good service at 
smaller works, or as supplementary to ft large 
condensing plant of stoneware receivers. The 
material mostly employed for coke towers is acid- 
proof sandstone or, in France, Volvic lava, just as 


foundation, even if it amounts to much less 
than would cause the erection to break down 
altogether, is extremely injurious, because it 
will almost unavoidably lead to the tower 
getting out of level, in which case the liquid will 
principally descend on the lower side; thus 
the necessary distribution of the liquid is not 
attained, and the action of the condenser » 
most injuriously affected. 

It has been already stated that the feeding 
of the towers with water or with weak acid 



for acid tanks. The system of joining the flags 
together is the same as shown in Figs. 28 and 
29, or else as in Fig 30, or as shown in Fig. 32, 
in which the flags ore kept together by means 
of grooves worked m the stone, and without 
tho ai<l of any ironw ork, which is always a source 
of anxiety in acid condensers. 

Tho coke towers are generally placed at a 
high level, and are, if necessary, put upon pillars, 
for the purpose of running the acid from them 
by gravitation either into chlonne stills or into 
store cisterns for sale. They must, of course, 
have a verj secure foundation, in the construc- 
tion of which not merely the great weight of the 
tower must be considered but also the proba- 
bility that there will be now and then leakages 
of acid winch may make the foundation unsafe 
This can be avoided by asphalting the ground 
in such a way that any acid running down 
cannot penetrate into the sod, but is conveyed 
to a safe distance. Any damage done to the 



and thus securing a uniform distribution indepen- 
dently of an exact level of the top of tho tower. 

Most manufacturers have discarded these 
acid wheels and have introduced troughs pro- 
vided with a number of overflows all at the 
same level, feeding tho same number of water- 
lutes. This arrangement is indicated m Fig. 31. 
This figure represents a tower built as Fig. 32, 
tho cross-hatched outer portion representing tho 
timber framework to support the feeding cistern. 

Another form of apparatus for dissolving 
tho hydrochloric acid gas is theLunge-Rohrmann 
plate tower, shown in Figs. 35, 36, and 37. 
It consists of an earthenware tower packed 
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with a series of perforated plates E, E, the per- 
forations being mado to alternate in successive 
plates, so that each hole corresponds to a solid 
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place in the plates just above and below. Figs. 
30 and 37 show one of the plates in detail. 
As is to l>e expected, the evidence for and 


against the improved packings for the con- 
densing towers is very conflicting, and as the 
cost of them is naturally higher, the coke-packed 
tower has fully maintained its position. 

In France and Germany a somewhat different 
system of cooling and condensation is in general 
use. The earthenware and glass pipes mentioned 
above as being used almost exclusively in this 
country for the cooling of the gases arc more or 
less completely substituted by a series of 
earthenware IVoulfe’s bottles, known technically 
as bombonnes or tourils ( see Fig. 38). The 
scale of the drawing is too small to show that the 
vessel on the right is about 1 in. higher than 
the vessel on the left ; the liquids travel down- 
hill from right to left, and consequently tho 
gases are made to travel from left to right. 
The size of the bombonnes varies from 40 to 100 
gallons. They aro arranged in sets of 40 up to 
100, as shown in Fig. 39, and, in spite of the 
relatively high temperature in the leading 
bombonne, eventually givo a liquid acid of 
1-15-1-18 sp.gr. They are made of tho best 
stoneware, which is able to stand somewhat 
violent changes of temperature. After leaving 
the bombonnes, the acid gases are finally 
scrubbed with water in a coke-packed tower, 
similar in design but usually much smaller than 



those used in tin's country. Tho weak liquid 
acid produced in this tower supplies the stream 
of weak acid required by the bombonnes. The 


figure docs not show the means of running off 
the strong acid from the lowest bombonnes in 
the series, nor the cisterns, etc., for receiving the 
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acid. Coolers and absorption plant can now references given for the produe{ lon c f chlonne 
be made of fused silica (\ itreo'il) in the form of from these bodies earlier in the article. So far 
grids made of S-pipes, and as the«e can be as is known, none of the processes is used, 
u ater-cooled by sprays a reduction in the size Mond (1SS3) heated the ammonium chloride with 
of plant required is effected so much sulphuric acid that the acid sulphate 

In the condensation of hydrochloric acid was formed and all HCI expelled. The acid 
las in water with the apparatus at present used sulphate was converted by means 0 f ammoniacal 
ind described above, there is little reason for vapours into the neutral salt of commerce, 
difficult! in avoiding losses of HCI through in- O. N. Witt (1886) expelled the HCI from 
complete absorption. The difficult more com- NH t CI by means of syrupy phosphoric acid, 
aionly experienced is to combine the complete which formed ammonium phosphate. On heat- 
ibsorption enforced by law with a high strength ing this at a higher temperature the ammonia 
iquid acid. was driven out and the phosphoric acid re- 

The impurities found m commercial hydro generated Jurisch (Dingl. poly, j. 1838, 267, 
ihlonc acid made by the above processes are, 431) has shown that this proce ss no t p rac 
:hiefly, sulphuric acid, feme chlonde, arsenic ticable, because there is no material know n which 
:nchlonde, and either free chlorine or aul resists the molten phosphoric acu), and only 63% 
ihurous acid to 86% of the N H s is recov ered. JJond passed 

Sulphuric acid is the largest impurity The the vapour of ammonium chloride 0 , e r nickel 
lydrochloric acid condensed from the pan or pot oxide, heated to at least 330°, \\ hi eh absorbed 
;as is always much purer than that from the tho HCI and allowed the N H s to p as3 on , After 
•oastcr gas The quantity of sulphuric acid in a certain time the process was changed by raising 
:he gases from the salt cake furnace sometimes the temperature to 500° or 600° aqd decomposing 
(mounts to 2% and upwards, it was very the nickel chloride by steam, 'then HCI was 
:roubIesome in the Weldon, and fatal in the driven off and NiO regenerated, (Several 
Deacon, chlonne process, and m some other patents taken out in 18S6 ) 
triplications of hydrochloric acid The 6ul During recent years, when t^ 0 chlorination 
phuric acid in the salt cake furnace gases can of organic compounds has ndv ance j i,y vast 
lie removed to a large extent by a small con- strides, the hydrochloric acid g as produced 
lcn«or or dry scrubber before condensation, when a hydrogen atom is substituted by a 
A large number of suggestions has been made chlorine atom has to be collected and utilised. 
Tor the purification of the salt cake furnace The hydrochloric acid gas evolved » almost 
;ases, so as to render them suitable for the pure, easily condensed, and y idd 8 an acid quite 
Deacon process, but the only one of these pro- free from the usual impurities 
cesses to achieve practical success is the Hascn Hydrochloric acid has also been produced 
clever process (B 1* 3393, 18S3) (See at end by passing chlorine over wood at 8 temperature 
of Deacon Chlorine Process ) of 150°-350°, whereby charcoal i 3 also formed 

Arsenic gets into the hydrochloric acid (Bosnian Electricity Works at Juice, G P. 
through the sulphuric acid employed in its 158086) 

manufacture , the arsenic is thereby converted Lastly, hydrochloric and has been prepared 
into AsClj, and passes as such into the conden- by processes inverting the pract )cea of tho last 
sing apparatus 51any plans have been pro- hundred' years, namely, it lias been prepared 
posed for its removal— most frequently a treat from its elements as a direct an<| definite pro 
ment with sulphuretted hvdrogen or with cess without the formation of by-products, or 
sulphides Bettendorff(Dmgl poly J 1869,194, for any other reasons than its ov\ n preparation 
233) precipitates the arsenic from concentrated and the utilisation of the two el em ents formed 
hydrochloric acid by stannous chloride, and then by the electrolysis of potassiut n an j sodium 
distils the decanted acid Duflos dilutes the chlorides The gases are mix^d an d passed 
acid to sp gr 1 13, and digests it with strips of over charcoal (G P. 114219), 0 r they are 
sheet copper at 30 r C for 24 hours, and repeats burnt together at jets (Soc. Itali^na di Elettro- 
this treatment with fre»hly scoured copper chimic.v, JSCI 1915, 34, 1 Hi), or they are 
This removes all the arsenic and the free combined together by Roberts' p a tent (Electro- 
chlorine, and reduces the feme chloride to chem and Met Ind 1910. 8, 7(H), an d by this 
ferrous chloride, which remains behind on last process the acid has been manufactured in 
distillation Bcckurts (Fischer’s Jahresb I8S4, Niagara smeo 1914. 

30, 318) distils hydrochloric acid with ferrous The conveyance nnd storage c>f hydrochloric 
chloride and removes the first 30% containing acid of strengths varying from :>7 to 40% has 
all the arsenic. undergone changes m recent times following 

Selenium is sometimes found in such quan improvements in the technique »,f the apphea- 
titics in hydrochloric acid as to give trouble tion of rubber preparations to metal nnd other 
in its application (Davis, J.S C.I. 1883, 2, surfaces. Steel tanks lined with material vary- 
157). mg from soft to hard rubber or ebonite are used 

Hydrochloric Acid from Sources other than the for conveyance of acid in hulk (them, and Ind. 
Leblanc Process — Attempts have been made to 1924, 43, 186R; 1932, 51, 206, 224; Chcm. 
produce hydrochloric acid from many sources. Met Eng. 1928, 35, 673; 1929, jjg, 152; Ind. 
notably from the residuvlliquors of the ammonia- Eng. Chem. 1927, 19, 130; Ind. them. 1928, 4, 
soda process A number of suggestions has 75) The familiar glass carboy is s tiIJ, however, 
been made for the direct production of HCI: used to a large extent for the con\ e y a nee of this 
(i) from CaCl t , (u) from MgCl a ; (ui) from acid. 

NH 4 CI In this connection compare the The applications of hydrochlor lc ac ;d include 
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the manufacture of ammonium chloride, both 
by neutralisation in solution and subsequent 
crystallisation, and by the dry process involving 
sublimation described in B.P. 273093, 274203, 
290045 (Moore, Polack and Castner-Kellner 
Alkali Co., Ltd.). The older application of 
hydrochloric acid for the production of chlorine 
by the Weldon and Deacon processes is no 
longer of importance in Great Britain. 

It is used for extracting the phosphates from 
bones in the production of osseine for gelatine; 
for preparing zinc chloride, stannous chloride, 
nnd ferrous chloride ; for the preparation of pure 
carbonic acid from limestone; for the manufac- 
ture of aniline hydrochloride; nnd in the manu- 
facture of many coal tar colours and inter- 
mediates. 

In recent years the operation of cleaning 
(pickling) metal with hydrochloric acid prior to 
rolling into sheet, wire drawing, and coating 
with zinc, tin or lead, has been modified by the 
use of so-called “ inhibitors ” or “ restraincre ” 
sold under trade names such ns Galvcnc, Rhodinc, 
1’irklcltc, etc. The effect of the addition of a 
small percentage of an “ inhibitor ” to hydro- 
chloric acid is to depress the rate of solution of 
metal without affecting the rate of solution of 
the fdm of oxide (scale). See Evaluation of 
Pickling Inhibitors, Pirnk and Wenzel, Chcm.- 
Ztg. 1032, 56, 193,214. 

Liquid hydrogon chloride may bo stored in 
steel containers if the gas has been thoroughly 
dried. The low specific gravity of the liquid 
nnd the great weight of the cylinder militate 
against commercial development of this product. 

F. II. 

CH LORI SOL. Sodium hypochlorite solu- 
tion. 

CHLOROCRUOR1N. A pigment related 
to ha-moglobin which occurs in the blood plasma 
of certain polychreto worms (H. M. Fox, Proc. 
Roy. Soc. 1026, [B], 99, 199). 

CHLOROFORM, TRICHLORO- 
METHANE, CHCI 3 . Chloroform was dis- 
covered by Liebig (Pogg. Ann. 1831, 23, 242) 
nnd independently about the same time by 
Soubcirnn (Ann. Chim. I’hys. 1831, [ii], 48, 131). 
Its constitution was determined by Dumas (Ann. 
Chim.Phys. 1834, [ii], 56, 1 15), to whom the name 
chloroform is also due. Chloroform is very' 
widely employed as a general anaesthetic and is 
an important solvent finding application in 
the manufacture of fnts, rubber, resins, alkaloids 
nnd other products. It is a useful preserva- 
tive. 

Chloroform may bo obtained by chlorination 
of a number of organic substances such ns 
alcohol, acetone, acetaldehyde, acetophenone, 
turpentine, terpencs, etc., but only a few of 
thc=e are of practical utility. 

Chloroform was originally manufactured from 
ethyl alcohol, but for many years past this has 
been replaced by acetone. Owing to the much 
cheapened production of acetaldehyde at the 
present time chlorination of the latter product 
bids fair to displace the use of acetone. Accord- 
ing to Fever (Z. Elektrochem. 1919, 25, 115) 
the formation of chloroform from alcohol by the 
action of bleaching powder is represented by the 
following equations, the reaction taking place 


in three stages involving oxidation and forma- 
tion of aldehyde, as follows : 

(1) CH,-CH,OH+ HOCI 

= CH 3 -CHO+ H : 0+HCI 

(2) CH,-CHO+3HOCl 

= CHCI 3 ~ H'C00H-f2H ; 0 

(3) H-COOH+HOCl^COj+HjO-f HCI 

The action of bleaching powder on acetone 
appears to be best represented by the equation 

2CO(CH 3 ).-t-6CaOCL 

= 2CHCI 3 + (CH 3 'COO),Ca-i-2Ca(OH), 

+3CaCI 2 

Manufacture of Chloroform from Acetone and 
Bleaching -powder. — This is the process most 
generally employed. The method differs in 
minor details with the various manufacturers, 
but the following may be taken as representative. 
The reaction is carried out in a cast-iron still 
of about 800 gallons capacity, which is 
provided with stirring gear, steam-coils, and cool- 
ing coils, nnd is connected with a condenser; 
300 gallons of water are run into the still, and 
800 lb. of bleaching powder are added through 
a manhole, which is then Bccurely bolted down. 
During nddition of tho bleaching powder tho 
mixture is very thoroughly stirred. (In some 
processes tho mixing is carried out in a separate 
vessel, and the suspension is strained from tho 
larger unbroken lumps of bleaching powder 
before being allowed to run into tho still.) 
Tho container ( A in tho diagram shown on p. 78) 
is charged with 70 lb. of acetone, which is then 
6lowly run into tho bottom of tho still by means 
of tho valve Ii. Tho introduction of the acetono 
is accompanied by a rise of temperature which 
is not allowed to exceed 110°F., cooling being 
effected if necessary by stopping tho flow of 
acetone nnd circulating cold water through tho 
cooling coil in the still. When all tho acetone 
has been introduced the contents of the still 
arc raised to 134°F. At this temperature chloro- 
form begins to distil over. Tho temperature is 
then very gradually raised to 150°F., so as to 
keep the chloroform steadily distilling. To- 
wards the end of the reaction tho mixture is 
stirred and tho temperature raised until no 
more chloroform distils over. 

The crude chloroform obtained is separated 
and purified first by ngitation with concentrated 
sulphuric acid. This operation is carried out in 
the vessel shown in the diagram ; 1,500 lb. of 
crude chloroform are introduced into tho vessel 
nnd thoroughly stirred, by means of the agitating 
gear shown, with 600 lb. of sulphuric acid. Tho 
stirring is continued until a sample of the chloro- 
form when thoroughly shaken with pure con- 
centrated sulphuric acid does not impart tho 
slightest colour to tho latter. The time required 
for complete purification is usually about 
3 hours. The chloroform is next separated from 
the sulphuric acid and finally distilled over lime. 
The yield obtained from the above quantities 
averaged from over 2,000 batches was 124 lb., 
the highest yield in any one case being 131 lb. 
Variation in yield is attributed to tho varying 
composition of the bleaching powder, though 
doubtless other factors influence the result. 
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Bleaching powder containing less than 33% solution of acetaldehyde with a solution of 
of available chlorine gives unsatisfactory results, hypochlorite. A yield of 80% of chloroform js 
while samples containing more than 35% of claimed for the following process! (G.P. 347460). 
chlonne are also often unsatisfactory. The best A 20% aqueous solution of acetaldehjde is 
results appear to be obtained with bleaching allowed to Sow into a solution of bleaching 
powder containing about 34% of available powder containing 93 g. of active chlonne 
chlonne. per litre. The mixture is vigorously stirred and 

Manufacture from Acetaldehyde . — This con- the temperature main tamed at 45°C. After 
gists essentially of the treatment of an aqueous addition is complete stirring is continued for a 



short time, the solution neutralised, and the Tided with a stirrer and maintained at a tempera- 
chloroform separated by distillation. Purifi. ture of 70“-80°C. The chloroform is removed 
cation is effected in the usual way (see also by leading steam into tho mixture as it passes 
G.P. 339914 and F.P. 521700). A continuous into a separating vessel, the chloroform distilling 
process for the production of chloroform, in off through a condenser whilo the residual liquors 
which a mixture of acetone and acetaldehyde is are continuously discharged, 
treated with a solution of hypochlorite contain- Other Methods of Manufacture . — Chloroform 
ing 40 g. of active chlonne or more per litre, « has been manufactured in America from carbon 
described in U.S.P. 1915354. The mixture of tetrachloride by reduction with nascent hydro- 
the solutions is led into a reaction vessel pro- gen. The most usual method is to stir vigorously 
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a mixture of the tetrachloride and finely divided 
iron in water, the reaction being initiated by tho 
addition of a small amount of hydrochloric 
acid (U.S.P. 753325, 1107025). Numerous 
attempts have also been mado to manufacture 
chloroform by chlorination of methane (natural 
pas), but so far without any pronounced success. 
A number of patents have also dealt with 
electrolytic methods of production from alcohol 
or acetone, but very little appears to have been 
made in this way. 

Chloroform is a heavy colourless liquid with 
a characteristic odour. It has b.p. 01-2° (Basker- 
ville and Hamor, Ind. Eng. Chem. 1912, 4, 278; 
Wade and Finnemore, J.C.S. 1904, 85, 946), 
f.p.— 61-19° (Keyes d al. J.C.S. 1923, 124, II, 
376), ri’ 5 1-4989 (Baskcrvillo and Hamor, l.c.). 

It is not inflammable but burns with a greenish 
smoky flame when mixed with alcohol and the 
mixture ignited. It is slightly soluble in water 
(0-5%) and miscible with most organic solvents. 

When a primary amine is heated with 
chloroform in an alcoholic solution of potas- 
sium hydroxido an t'socynnido is formed : 

CHCI,+ RNH,+3KOH 

= RNC+3KC1+3H 2 0 

Tho reaction employing aniline as the primary 
nmino affords a ready method of detecting 
chloroform in considerable dilution (1—5,000 to 
6,000) the characteristic odour of phenyl iso- 
cyanido being easily recognised. Tho reaction 
is, howover, not specific, being given by bromo- 
form, iodoform, chloral, etc. Chloroform also 
reduces Fehling’s solution. 

Anwtlhdic Chloroform. — Chloroform for anaes- 
thetic purposes is required to bo of a very high 
standard of purity and tho various pharma- 
copoeias detail the tests for a number of im- 
purities which may occur in tho product and 
render it unsuitable for use as an nmesthetic. 
Puro chloroform under the influence of light, air, 
and moisture is decomposed more or less rapidly 
according to conditions, tho main products of 
decomposition being carbonyl chloride (phos- 
gene ) and hydrochloric acid, according to tho 
equations; 

CHCI 3 -f H 2 0+0.=C0C!,+ HCI+H ! ,0 2 
CHClj-f H.Oj=COCI 2 + HCI+HjO 

The presence of a small amount of ethyl alcohol 
in tho chloroform has been shown to exert a very 
definite stabilising effect, and most pharma- 
copoeias specify tho addition of alcohol for this 
purpose. The amount permitted by the “ British 
Phnrmncopada ” is from 1-2%. According to 
Baskcrvillo and Hamor (Ind. Eng. Chem. 1912, 
4, 30S, etc.) alcohol appears to act by reason of 
its property ns a reducing agent, oxidation of 
alcohol taking place in preference to that 
of chloroform. At the same time the products of 
oxidntion appear to exert a retarding action and 
chloroform containing tho amount of alcohol 
mentioned above, when properly packed and 
stored so that tho action of light and air is 
reduced to a minimum, will keep in a satis- 
factory condition for years. Tho theory of the 
action of alcohol is supported by the fact that 
many other organic reducing substances also 


inhibit the decomposition of chloroform. The 
action of such substances for the preservation 
of chloroform for anmsthctic purposes has been 
investigated by Bodendorf (Apoth.-Ztg. 1929, 
44, 351) by exposing chloroform containing the 
suggested preservative to the action of fight from a 
quartz lamp, when it was conclusively shown that 
alcohol is the most satisfactory stabilising agent. 

For the estimation of chloroform in small 
amounts W. H. Cole (J. Biol. Chem. 1926, 71, 
173) has suggested a colorimetrio method based 
on the colour reaction obtained with pyridine 
and caustic soda. The method is said to be 
capable of detecting 0-001% of chloroform in 
solution, but its use for the determination of the 
compound in biological fluids has been criticised 
by Yeager (Proc. Soc. Exp. Biol. Med. 1929, 26, 
403). It has, however, been modified for the 
purpose by Gettler and Blume (Arch. Path. 
1931, 11, 554). A colorimetric method for tho 
estimation of chloroform in alcoholic solutions, 
tinctures, etc., has been described by Moffitt 
(Analyst, 1933, 58, 2). It depends upon the 
production of a blue colour at the ordinary 
temperature with /3-naphthol and potassium 
hydroxide, a reaction which readily lends itself 
to colorimotric comparison. A similar colour is 
given with a-naphthol, but in this case the reaction 
is also given by other chlorinated compounds. 
With /2-naphthol, how-ever, closely related com- 
pounds such as carbon tetrachloride, dichloro- 
ethylene, ethylene chloride, etc., give no colour. 

A. J. E. 

CHLOROGENIC ACID (I), Caffetannio 
Acid (II). Tho substanco described as (I) by 
Paycn (Ann. Chim. 1849, [in], 26, 10B) is now 
recognised to be the chief constituent of Roch- 
leder’s (H) (Annalen, 1846, 59, 300, and many 
later authors). The alcoholic extract of Liberian 
coffee yielded on evaporation 3-3% of crystalline 
potassium-caffeine chlorogenatc, which loses caf- 
feine when shaken with moist chloroform ; dilute 
suiphurio acid then liberates (I), C 10 H ]s O 0 , 
needles, with 4H 2 0, m.p. 208°, [aJ D —35-2° 
(Gorier, Annalen, 1908, 358, 327 ; 1911, 370, 111 ; 
Freudenberg, Ber. 1920, 53, [BJ, 232). Tannase 
from Aspergillus niger splits the acid into quinic 
acid and caffeic acid, indicating a depside 
formula (Freudenberg, l.c.). The position of the 
finkago was determined by H. O. L. Fischer and 
Gerda Dangschat (Ber. 1932,65, [B], 1037), who 
assigned to (I) tho constitution 3-[3:4-dihy- 
droxycinnamoylj-l-quinic acid, 


C(OH)CO a H 
H.C^ ^bH, 


HO-HC CH-0-CO-CH;CH 
^CbbOH 


/ 



OH 
OH 


Gorier isolated (I) from coffee leaves, the latex of 
Casiilloa elasiica (Rec. trnv. chim. 1912, 31, 
281), sunflower seeds (Arch. Pbarm. 1909, 247, 
436), and from Strychnos nux vomica (ibid. idem. 
197). If Gorter's colour reaction (ibid. 247, 187 ; 
Annalen, 1911, 379, 111) could be trusted, (I) is 
widely distributed in tho vegetable kingdom 
(cf. Charaux, J. Pharm. Chim. 1910, (viij, 2, 


so 


CHLOROGENIC ACID. 


292 ; van der Hoar, Pharm. Weekblad, 1920, 1 
67, 194) Caffeie acid gives the same colora- 
tion (Freudenberg, 1 c.) The estimation of (I) in 
coffee has been studied (B, 1934, 40, 119, 379, 
426, 524,700,779, 985). Inspiteof thename(II), 
(1) docs not precipitate a dilute gelatin solution, 
but when wanned with a 10% solution gives a 
precipitate on cooling (Freudenberg, l e .) 

J.N.G 

CHLOROPHYLL. The colouring matter 
of green leav es. A couture of tw o closely allied 
substances — chlorophyll a, C 5 5H,,O.N.Mg,and 
chlorophyll!., C S5 H, Q O g N,Mg. 

It occurs widely distributed in plants, mainly 
in the leaves and green 6tems, in the chloroplasts, 
together with the jeUow (carotenoid) pigments 
carotene and xanthophjll It is present in both 
green and brown alga?, the latter of which also 
contain another carotenoid, fucojanthin It is 
the active catalyst in the photosynthesis of 
sugars from carbon dioxide and water, and is 
therefore of fundamental importance It is the 
only enzj me of known chemical structure 

For the bulk of our knowledge of chlorophj 11, 
we are indebted to the brilliant investigations of 
Richard Willstatter and Hans Fischer, and their 
collaborators 

Historical — (See Willstatter and Stoll, “ Un- 
tereuchungen uber ChlorophjU," Berlin, 1913 1 , 
Marcblewski, “ Cbemie der Chlorophj lie," 
Braunschweig, 1909) Of early attempts to 
isolate the green leaf pigment, those of Berzelius 
(Annalen, 1838, 27, 296) and Verdeil (Corapt 
rend. 1851, 33, 699) may be mentioned The 
latter belieird that it contained iron, like the 
ha?moglobin of blood, an idea which persisted 
for some time Other erroneous conceptions 
which complicated early work were that the 
pigment contained phosphorus and potassium 
Valuable exploratory work was subsequently 
carried out by Schunck (Proc Roy. Soe. 1885, 
38, 336, etc ), and Srbunrk and 3Ja/cbJeiFskj 
(Annalen 1S94, 278, 329) It was thought at 
one time that samples of chlorophj U isolated 
from different sources and at different seasons 
were not identical. This was disproved by 
Willstatter, whose investigations (1906-1913) 
led to a general clarification of the subject More 
recently, the chemistry of chlorophj 11 has been 
examined with great thoroughness by IlanB 
Fischer (1029-1936) with the result that the 
structure is now certain in main outline and only 
a few details remain to be settled Chlorophj'U 
has not yet been synthesised, although progress 
in this direction has been made. The exact rile 
of the pigment in the photosynthetic process 
remains to be settled. 

Extraction — Both fresh and dried green leaves 
can he used as sources of chlorophyll The 
common nettle, first used by Stokes (1852), is a 
convenient source, being cheap, nch in chloro- 
phyll, readily dried while maintaining its colour 
well, and being poor in enzymes. Extraction 
is best earned out at room temperature with 
acetone containing 15-20% of water (Will- 
stattcr). The acetone solution is treated with 
light petroleum and extracted with water to 
remote the hulk of the acetone and then with 

1 Referred to henceforward as WiUiUtter, 
** Chlorophj lb'* 


methyl alcohol to remove xanthophyll. Finally 
the petroleum solution is washed free from 
acetone and methyl alcohol with water; this 
precipitates the chlorophj 11, which is filtered off 
by means of a column of talc. The talc is 
washed with petroleum (to remote all carotene) 
and the chlorophyU extracted with ether. Tbo 
ethereal solution is dried bj’ means of sodium 
sulphate and the chlorophj 11 precipitated by the 
addition of petroleum. (For details see \Vill- 
statter, “ Chlorophj 11,” Chapters 3 and 4 ) The 
extraction with alcohol, which is used for certain 
technical purposes, leads to a chemical change 
(see fcfloir). 

A commercial chlorophj 11 is manufactured for 
the colouring of soap, oils and perfumes. For 
thi9 purpose green leav es (nettles) are extracted 
with ethjl alcohol, the solvent distilled and the 
residue extracted with benzene. The residue 
from this second extraction is the basis of the 
commercial product. A i cater- soluble p/gment 
is obtained by hydrolysis with caustic soda. 
This material lias a jellow ish green shade ; to 
obtain a bluish green, 1% of copper sulphate is 
added in the original alcoholic extraction The 
product presumably contains copper in place of 
the magnesium atom present in the chlorophj 11 
molecule (see belou.) 

The Chlorophj’U content of dried nettle leaves 
13 about 0 8% and about 80% of this (6 5 g. from 
1 kg of leav es) can be extracted by WiUstStter’s 
procedure. 

The chlorophj 11 so obtained is * mixture of 
the a and 6 components, w hich are present in 
land plants in the proportion of about 3 . 1. In 
brown algm the proportion of the 6 form is much 
smaller. In spite of claims to the contrary, it is 
probable that only two forms of chlorophjU 
exist (Winterstein and Schon, Z. physiol Chem. 
1934, 230, 139 , but see Conant and Dietz, 
Nature, 1933, 131, 131 ; J. Amer Chem.Soc. 1933, 
55, 839). ChlorophyU-b can be remoter} from a 
petroleum solution of the mixed pigment by 
extraction with 90% methj I alcohol (Willstatter 
and Isler, Annalen, 1912, 390, 209), a method 
which has been improved by Stoll and Wiede 
mann (Helv. Chun. Acta, 1933, 16, 739) 
Another method of separation is by chroraato 
graphic adsorption on a column of calcium 
carbonate or preferably, powdered sugar 
(Tswett, Ber. 1908, 41, 1352 ; Winterstein and 
Stein, Z physiol Chem. 1933, 220, 263) By 
this method the two forms of chlorophyll can bo 
separated from one another and fromthe caroten- 
oids which accompany them in the plant. In 
the examination of structure it is usual to 
separate not the two forms of chlorophjU itself, 
but the corresponding degradation products, 
the pba?ophorbides, which are easily separated 
by acid fractionation (see belotc). 

Physical Properties — The mixed chlorophyll 
obtained by acetone extraction is & dark green 
waxy solid. Pure chlorophyll a is obtained 
microeiyatallme by adding petroleum to its 
ethereal solution. Slow evaporation of a solution 
in a mixture of these solvents gives thin lanceo- 
late leaflets. Chlorophj 11 1> can be obtained 
similarly in a microcrj stalline form. In powder 
form chlorophyll a appears bluish black, it give* 
a green streak and has a steel blue reflex. Thb 
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ponder of the - 6 form is v cry dark green. 
Chlorophyll a is soluble in ether, absolute ethyl 
nl( oliol, acetone, chloroform, carbon disulphide 
and benzene ; moderately soluble in cold methyl 
alcohol, more soluble in hot ; eery sparingly 
soluble in light petroleum, but the solubility is 
raised considerably by the addition of a little 
alcohol. It is practically insoluble in alcohols 
containing 20% of nater. The solutions are 
bluish-green with a red fluorescence. The 
solubility of chlorophyll-6 resembles that of the 
-a component, but is slightly lower throughout 
The difference is most marked in the case of 
light petroleum. The solutions are yellow - 
green to green with a brownisli-rtd fluorescence. 

Chlorophyll-a sinters and melts between 117° 
and 120 J ; cldorophy 11 6 sinters between 80° 
and 92° and melts to a thick bquid between 
120° and 130°. 

Absorption Spectra. — Both components of 
chlorophyll hate complex absorption spectra. 
The mam areas of transmission are in the legion 
of 600 nip (green) and 70 Omp (red). The 
main bands in the spectrum of chlorophyll-a 
hate ma\ima at GG2i/ip and 433 tup ; there are 
also strong bands at G12mp and 458 mp and 
weaker bands between the green and orange-red. 
The end-nbsorption commences at about 4l3mp. 
The absorption spectrum of chlorophyll-6 
differs from this principally in hating the main 
red band split into two and in the deepening of 
the band in the blue at 487 mp, which becomes 
the strongest hand, l'or further details, sec 
WillstfilUr, “ Chlorophyll,” p. 1C9 ; llans 
1'istlicr, Oppcnheimcr’s " Handbuch der Bio- 
ehcmic," 1923, p. 351 ; Conant and Knmerhng, 
J, Amer. Chun. Soc. 1931, 53, 3522 ; and a 
senes of papers by Stern, Wendcrlem and their 
collaborators, Z. physiknl. Chem. (A), 1934, 
170, 337 ; 1935, 174,'si, 321 ; 1930, 1 75, 405 ; 
176, 81 ; 177, 40, 165, 363, 387. 

Optical Ailuity . — It was thought for a long 
time that chlorophyll was optically mactite, but 
in 1933 Stoll and Wiedemann (Hclv. Cluni. 
Aetn, 1933, 16, 307) using red light (A, 720 mp) 
found tlmt both chlorophyll a and -6 were 
kecorotatory with faj.'f, about — 2G3°. The 
pliytyl- and magnesium-free derivatives, the 
phorlmles (see bclou), were also active. Fischer 
and Stern have confirmed and extended thc=e 
observations (Annnlcn, 1935, 519, 08 , 520, 
88) 'ilicre is a difference between these 
workers’ observations on the ease of raccmisa- 
tion ol the solutions. The porphynns derived 
from chlorophyll (see bclou) arc all optically 
inactive. 

Head ions and Structure. — As stated above. 


the two components of chlorophyll have the 
formula : 

chlorophyll a, C 5S H. : 0 5 N 4 Mg 
chlorophyll-6, C 55 H T0 O 6 N 4 Mg 

Chlorophyll-6 contains one more atom of oxygen 
and two less of hydrogen than chlorophyll-a ; 
actually’ it contains an aldehyde group in place 
of a methyl group. 

“ Crystalline chlorophyll," chlorophylhdcs . — 
It was found by WiUstivtter and Utzmger (An- 
nalen, 1911, 382, 129) that when ethyl alcohol 
was used in place of acetone to extract green 
leaves, the pigment was isolated as bluish-green 
crystals. This involves a chemical change 
catalysed by an enzyme, chlorophyllase, present 
m the leaf. The change is shown below for the 
■a component 

CjHjO H 

Clilorophj 11-a 

I. 

The compound (I), ethyl chlorophy Hide, is the 
mmn constituent of crystalline chlorophyll. 
The other reaction product is phylyl alcohol, a 
wax-like, unsaturated primary alcohol. The 
structure of this has been proved to ho 

MeXH [CH,]j-CHMe [CH.] 3 -CHMe[CH^] 3 
•CMe.-CH CH 2c OH 
both by degradation and synthesis (F. G. 
Fischer and Lovvcnberg, Annalen, 1929, 475, 
183). 

A similar enzymatic alcoholy’sis with methyl 
alcohol yields methyl chlorophylhdc, 

C 31 H 33 0 3 N 4 Mg-C0, CH 3 . 

It was found by Willstattcr, Hocheder and Hug 
(Annalen, 1909, 371, 1) that the same phytyl 
alcohol was obtained by the decomposition of 
the chlorophyll from a large number of different 
plnnts. It is the presence of the phytyl group 
in the molecule which enables chlorophyll to 
form colloidal solutions. 

Ph.iophorbidcs (Willstattcr and Hocheder, 
Annalen, 1907, 354, 205). — Hydrated oxalic acid 
in alcohol leads to a straighUorward elimination 
of magnesium from chlorophyll. The product 
is an olive-brown solid, phmopbytin (II). 
Similarly, treatment of methyl chlorophy lhde 
with a 17% solution of hydrochloric acid in 
ether leads to the formation of methyl phreophor- 
bide (III) If stronger acids are used, the pliytyl 
or methyl esters are also hydrolysed with the 
formation of the corresponding free acid, 
plueophorbidc (IV) : 


Oxalic acid 

C 3 4H 33 0 3 N 4 Mg CO 2 *C 20 H 39 > ^34^33^3^4^2*^^2*^20^39 

II. 


j MeOH, inzjme 
Cj«H 33 0 3 N 4 Mg-C0,Me 
! ill! HCI 

T 

C 3 ,H 33 0 3 N 4 H s -C0.Me 
III. 

Voi III. — G 


{ TO oS ct 


HO 


j HCI 

T 

c 34 h 33 o 3 n 4 h 2 °co 2 h 

IV. 
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The above reactions are shown for the -a se 
Ja actual practice a mixture of phjropb orbi dea-a 
and -h are obtained. These can be separated by 
partition between ether and hydrochloric acid 
as follows : 

Actd Separation (WdlstStter, “ Chlorophyll,” 
p. 262). — Thu is a useful general method for the 
separation of substances of similar structure by 
taking ad\ antage of small differences in basicity. 
The mixture is dissolved in ether and extracted 
with hydrochloric acid in gradually increasing 
strength. The and number of the substance is 
the percentage concentration of hydrochloric 
acid which extracts two thirds of the substance 
from an equal volume of its ethereal solution. 
For example, methyl phmophorbides-n and -b 
have acid numbers of 16 and 21 respectively. 
The former is completely extracted by 18% 
acid, the latter requires 23% acid. Extraction 
of an ethereal solution of a mixture with 17% 
acid leads to an almost complete separation. 
Tho procedure cannot be used with compounds 
containing magnesium, such as chlorophyll itself, 
or the chlorophj lhdes, unless the elimination of 
petal is immaterial 

From this point tho structure and reactions of 
the more fully studied -a component of chloro- 
phyll and its degradation products will bo dealt 
nth exclusively. 

Chlorine — Two of the five oxygen atoms of 
chlorophj 11 a are in a carboxyl group which 
carries the phytyl group. Two other oxygen 
atoms are present in the form of a carbomethoxyl 
group. This is comparatively hard to hydrolyse 
by acids, but if phicophorbide-o is boiled very 
rapidly with methjl alcoholic potash for 30 
seconds a tnbasio acid ehlonn e is obtained. 
This j’lelds a characteristic tnmethyl cater 
(WilLtattcr and Utzingcr, Annalen, 1911, 382, 
171). Tho change involves a hydrolysis of tho 
stable carbomethoxyl group and a conversion of 
the fifth oxjgen into a carboxyl group : 
ycCOMe 

C a ,H..ON.< +2H.O 

^CO.H 


The. waplveatKwt ia that fifth oxygen atom » 1 

part of a pseudo-acidic group. From H. Fischer’s 
work this is a cyclic P ketonic ester grouping 
It was previously thought to be a lactone group 
Essentially the same change has been brought 
about by the conversion of methyl phtcophor- 
bidc-a to the tnmethyl ester of ehlonn e by the 
action of diazomethane in methyl alcohol 
(II. Fischer and co-workers, Annalen, 1932, 498, 
194 ; 1933, 506. 107). 

Hydrolysis of chlorophylls itself with potash 
under non nxidising conditions gives a similar 
reaction, but in this case tho product is the 
potassium salt of hoc filorophyllin-iL, 
C 1 iH n N i Mg(C0 1 K) 1 . 

This is converted into chlonn-e by treatment 
with acids, the atom of magnesium being ex- 
changed for two of hydrogen. 

Drastic Degradation by AUalu — Alkalis at 
high temperatures convert the magnesium-free 


derivatives of chlorophyll, particularly chlorin-e, 
into a senes of porpAyrntt. These are ted, 
crystalline solids with low acid numbers, and 
are based on the common structural unit, 
porphin (V) : 


CH 


CH 

'V 

i HN- 


CH 

<V \ 


SHC 

\ 


cm 

II 


CH p 


Vo. 

The conventional lettering and numbering of the 
porphin group is shown above, and a convenient 
abbreviation in Va. Porphin and the porphyruw 
(which are its derivatives, substituted in the 
numbered positions) possess a characteristic 
type of absorption spectrum, and the power to 
form stable derivatives with metals, in which 
the two imino hydrogen atoms are substituted, 
ep. by a divalent metal atom. The porphin 
nucleus exhibits a resemblance to the aromatic 
typo {see Linstead, Chem. Soc. Annual Rep. 
1935. 32, 359). 

Tho porphyrins isolated from chlorophyll 
derivatives are tabulated below. They all con- 
tain the following substituents : hydrogen atoms 
the a-, p-, and 8- carbon atoms, methyl 
groups on tho 1-, 3-, 5-, and 8- carbon atoms, 
ethyl groups on the 2- and 4- carbon atoms. 
The other Bubstituent groups are indicated in 
the table : 


Rhodoporphyrin, 
C»H m N 4 (CO,H), 
PhyUoporphynn, 
CjiHjjN^COjH) 
Pyrroporphyrin, 
C,.H„N«(Cp 1 H) 
iiiyliojctioporphyrin, 
Cj,H,,N 4 . . . 
Pyrromtioporphyrin, 
C st ,H„N t . . , 
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Fyrroatioporphyrin, tlic last-named and 
simplestof these compounds, wasatone time be- 
lieved to be identical with the oxygen-freo fetio- 
porphjTin isolated by degradation of the hcemin 
of blood (rctioporpbyrin-III). Although this is 
not the ca.se, the substances arc very closely 
related, the rotioporphyrin from tho blood pig- 
ment having an ethyl group in place of a 
hydrogen ntom on C„. All these structures have 
been confirmed by synthesis (H. Fischer and co- 
workers, Annalen, 1928, 481, 221 ; 1929, 473, 
211 ; 475, 211 ; 1930, 480, 109, 189 ; 482, 232). 
Pyrroporphyrin from chlorophyll has been 
converted into mesoporphyrin (VI), a degrada- 
tion product of hremin. 



Dr attic Degradation to Pyrroles . — Derivatives 
of chlorophyll can bo converted into simple 
pyrrole derivatives by two methods, involving 
oxidation and reduction respectively. March- 
lew ski (J. pr. Chem. 1902, [ii], 65, 181) oxidised 
phvlloporphyrin with chromic acid to the 
nniiydride (VII). WillsUittcr and Asahina 
(Annalen, 1910, 373, 227) oxidised rhodo-, 
phyllo-, and pyrro-porphyrins and chlorin-c to 
a mixture of mcthylethyl ranleinimide (VIII) 
and lunnatic acid (IX, i.c. the imidc correspond- 
ing to I'll). 

O 

CO CO 

MeC --- C-CHj CHyCOjH 

VII. 

NH 

/ \ 

CO CO 

I I 

MeC-- CEt 

VIII. 


NH 

/ \ 

CO CO 


Me 


i —l 


CHj-CHj-CO,H 

IX. 


For recent work on this subject, see Fischer and 
Hrcitncr (Annalen, 1936, 522, 151). 

IVillstAttcr and Asahina (Annalen, 1911, 385, 
188) reduced phylloporphyrin with hydrogen 
iodide and noetic acid to a mixture of alkyl 
pyrroles containing hremopyrrole (X), krypto- 
pvrrole (XI), and phyllopyrrole (XII) : 


NH 

MeC^ '\h 

” Je, 


MeC- 


X. 


NH 

HC CMe 


MeC- 


XI. 


-CEt 


NH 

MeC^ \Me 


MeC- 


XII. 


-CEt 


The facts enumerated above lead to tho 
following skeleton structure (XIII) for ckloro- 
phyll-a : 

Et CH Me 



XIII. (Doublo bonds and pyrrole ravbon 
atoms omitted for clarity.) 

Tho magnesium atom is attached to nitrogen 
atoms because it is known that oxygen-freo 
compounds, such ns the retioporphyrins, can 
form magnesium derivatives. Tho rarhon 
atom on C y is the source of tho y-methjd group 
of phylloporphyrin, and the CO group on C, 
is the source of the 6-carboxyl group in rhodo- 
porphyrin. 

Tho full formula for chlorophyll-o, proposed 
by H. Fischer (Annalen, 1935, 520, 8S), is ns 
follows : 



XIV. (Ph.-rophorbide-a hns the same formula 
with H, H for Mg, and H for phytyl.) 


It is not possible in the present nrticlo to give 
the complcto evidence justifying tho various 
structural features of this formula, other than 
thoso already discussed. Koine of tho more 
important points are discussed below, and 
references arc given to tho original memoirs. 
The render is also referred to the general biblio- 
graphy at the end of the article. 

(1) The general arrangement is the same as 
that of the skeleton structure (XIII1. Fischer’s 
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formula (XIV) is not, however, based 
simple porphm structure, because the o _ 
double bond between C s and C t is eatorated 1 
Chloroph j 1] is therefore a dihy dro porphm deriva- 
tue, a? first suggested by Conant (Conant and 
Kamerling. !/, Conant, Chow and Dietz, 
J Amer. Chem Soc , 1934, 56. 2185) The«e 
saturated asymmetric carbon atoms are the 
seat of the optical activity In a recent paper 
(Annalen, 1936, 525, 259) Fischer and Lautsch 
have succeeded in removing the two “ extra '* 
hydrogen atoms quantitatively by means of 
silver oxide or silver acetate m acetic acid 

(2) Carbon atoms 6 and y are connected to 
form a eytlo pentane ring This ring contains a 
pseudo acidic P hetonic ester grouping, in which 
is the carbomethoxy I group which, as has already 
been mentioned, resists hydrolysis It is this 
ring which i» opened when chlonn t is formed 
from phfcophorbide a The presence of the 
heto group was proved independently by 1 
Fischer it al (Annalen, 1934, 508, 224) and 
Stoll and Wiedemann (Helv Chim Acta, 
1934, 17. 163) by the preparation of an oxime 
from methyl phacophorbide a The presence of 
the cyc/opentane nng is deduced from Fischer's 
work on phiroporphynn o,,* 

C„H„0,N 4 , (XV, R=CO,Me) 
(Annalen. 1929, 474, 65 , 1930, 478, 54. 284 . 
480, 197) This substance is prepared bv 
reducing phvophorbide-a to a leuco compound 
by meins of hvdnodic and acetic acids, followed 
by aerial oxidation The whole process is an 
isomeric change, involving the reduction of the 
v inyl group on C,. followed by the removal of 
the two** extra ” hydrogen atoms on C s acd C 4 . 
Phrroporphynn-a i easily Joses its carbo- 
mcthoxyl group by ketoiuc fission to yield 
' \phyllotrythrm (XV, R = H). 

Et CH Me 



CO t HR 


This substance (Marchlewshi, Z physiol Chem 
1929. 185, 8) is « bo formed by tlie biological 
degradation of chlorophyll, and can be isolated 
from the feces of ruminants. Its structure has 

* The of the f wo «cf fit Inna J hvdrosm atoms, 

plurd at Ci and C. al<o*c, cannot a« yet be recstded 
as certain lor a |*mH>lc alternative, xrr Chem Soc 
Annual J.ep 10)3. 32 314. Hwher ffoposes to dts- 
tliutulsh lliesedlhydro derivatives, la which hvdrocea 
atoms arc ad led to the porpliin nnrjeus. b> the 
g nrrvl term phorbtn ( tnnali n, 1011, 524. 244) 

* The au^ix -a implies the preparation from a 
derivative of chlorophyll-* the 5 refers to the number 


been established by Fischer by analytical 
methods (Annalen, 1931, 485, 1 ; 486, 107) and 
by synthesis (ibid. 490, 91 ; 1932, 494, 86 ; 
497, 181). 

(3) The reasons for placing the phytyl group 
in the propionic acid side-chain, (C,), and hence 
the methjl group on the carboxyl adjacent to 
Cy are given by Conant and Hjde (J. Amer. 
Chem Soc 1929. 51. 3668; 1931. 53, 2382, tf. 
Fischer, Sus, and Kleb3, Annalen, 1931, 490, 38). 

(4) The substituent group on C, in chloro- 
phyll and the phorbides is vinyl (and not ethyl, 
as in the corresponding porphyrins). It reacts 
ndditively (i) with diazoacetic ester (Fischer and 
Medick, Annalen, 1935, 517, 245) and (n) with 
cold hjdriodicandin a stream of oxygen (“oto- 
reaction,” Fischer and Riedmair, Annalen, 1933, 
505. 87) The vinyl groups of the phorbides 
undergo the following changes in these reactions: 

(i) RCH CH,+ N.:CH CO.Me 

-* RCH CH. +N, 

\/ 

CH CO s Me 

(ii) RCH CHj+Hl -► RCH I CH a 

-v RCH(OH)CH, 

| aerial 
| oxidation 
RCO CH, 

The Phase Test (Molisch ) — This is a colour 
reaction given by both forms of chlorophyll, and 
by derivatives such as the phorbides, phy Hides, 
and chlonn e, in which the dihydropoqihin 
(phorbin) arrangement is maintained It is not 
given by porphyrins An ethereal solution of 
chlorophy U or a deriv ative is shaken with methy 1 
alcoholic potash The colour changes from green 
to bright yellow-brown and then back to green 
The reaction is essentially an aerial oxidation, 
consuming two equivalents of oxygen (Steele, 
J Amer Chem Soc. 1931, 53, 3171) A similar 
reaction occurs when an alcoholic solution of 
chlorophyll is evaporated to dryness or allowed 
to stand in contact with air. The chloroph) It 
■s said to be allomerised and Joses its power of 
crystallisation (Wdlstitter and Utzinger, An- 
nalen, 1911, 382, 129). This was first recognised 
as an oxidation 6y Conant et at. (X Amer Chem. 
Soc 1931, 53, 359, 2382). The products formed 
in the»e reactions have been studied by Conant 
and by Fischer, but their chemistry is complex 
(c/. Chem Soc. Annual Rep. 1935, 32, 385). 

Partial Synthesis of Chlorophyll — As has 
already been mentioned, Fischer and his co- 
workers have synthesised phjlloerythrm, (XV, 
R=H) For a complete synthesis of cbloro 
phy 11 it is necessary (i) to convert this into 
phDDOporphy nn a, (XV, R = CO,Me) ; (u) to 
isomcnse this to phicophorbide a, (uj) to intro- 
duce the phytyl group into the side chain on C 7 ; 
and (is) to introduce the central magnesium 
atom into the phceophytin so formed The last 
two stages have been achieved by Fischer el at 
(Annalen, 1934, 510, 136 ; 1933,519, 244) ; the 
remainder of the synthetic problem awaits 
solution. 

Chlorophyll b — This differs from chlorophy II -a 
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m< thyl on C 3 (formula XIV), but the structure 
Ins riot been coriclusivdv established 

Jiihhiy/rnphy ■ — R "W illstuttor and A. Stoll, 
“ UntcrMichungcn ubcr Chlorophyll,” Berlin, 

1 5)1 3 ; II I isc Ik r in ()pp< nhcimcr’s “ Handhuch 
di ' Biochcmie,’’ 1023, p ,131 , 1030, S” , 1933, 
202 , .ICS 15)31, 243 , I! 1\ Lmstcad, Chein 
hoc Annual Rip 1033, 32, 302 ; 1937. 34, ,37.3 ; 
for the occurrence of substances of the chloro- 
I'l'jll smes in organa minerals, arc A Trcibs, 
Anguv Chun 15)10,49,682 

R P L 

CHLOROPHYLLASE is an enzyme of the 
(sternse class discovered by Willstatter and 
Stoll (Annalen, 1010. 378, lb , 1911, S80. 148), 
which in ethyl alcoholic solution splits ofT phytol 
from i liloropliy 11, forming ithyl chlorojihy llidc 
The enzyme is widely distributed in leaves It 
remains in the leaf residues after the chlorophyll 
Ins hern extruded with alcohol The method 
of preparation has been improved b\ Xoach 
(Hiorhcm Z 1927, 183, 1.35) It is inactivated 
in the leaf powder by dialysis, but restored by 
the addition of CaCI* 

ETA 

CHLOROPRENE t Butadienes and 
Boev Oil TINS (CONJLOATI tl) 

CHLOROXYL. Cinehophcn hydrochloride 
Qumophnn hydrochloride Cinehophcn is 2 
pinny ifpunoline 1 carboxylic acid, 

C c H 5 C 0 H S N COOH 

(AVi L,Ih,, London), B P C. 

CHLOROXYLONINE, Cj-.H^CUN, an 
alkaloid occurring m East Indian eatinwood 
(Pr Ion so hue) ( Chloroxyhn sinetema DC 
Riitnccie) It erystalhscs from EtOH m 
eolourless prisms, in p 182°-IS3°, (a]Jj 6 —9° 18' 
(in chloroform), is soluble in excess of ammonia 
solution and is neutral to litmus The salts are 
crystalline and dissociate in PRO , nuricliloride, 
B HCI AuCI,, groups of reddish yellow needles, 
m p. 70°. Cldoroxy lonine contains four meth- 
oxy 1 but no hy droxy 1 groups (Auld, .7 C S 1909, 
95, 00 1 ) It produces dermatitis when applied 
to the skin and is the cause of this trouble Home- 
times experienced by satmviood workers (Cash, 
Brit Med ,1. 1911, Oct 7, and Bull Imp Inst 
1911,9,351). 

G B 

CHLORPICRIN or CHLOROP ICR I N . 
(Trichloronitromethnnc), CCI 3 NO,, is formed 
by the action of atjan regia on many organic 
compounds, eg eymcnc, styrene, etc (Dntta 
and Pcniandes J. Amer Chein Soc. 1910, 38, 
lb 13), on neetone or the by-products of the 
acetone industry (Boyd, J SCI 1923, 44T, 222), 
nnd by the action of nitric acid alone on many 
aliphatic chloro compounds such as chloral 
nnd chloroform (Danitill and Sonre, Bui Soc 
R omit na Stunt, 19.32, 35, 53). It is most readily 
Jirc pared by the action of clilonnnting nnd 
oxidising aeents on organic mtro compounds , 
thus Grom and Rovu obtained cldorojiicnn by 
tre sting mtro j> phi ny line diamine, dmitmniline, 
mtro acetyl p phenxlenedinmine, etc , with sod- 
ium hypochlorite. Hie oxidation of picric acid 
or its salts with chlorine and hisic matennls 
to yu Id thloropicrm forms the subject of minx 
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patents differing chiefly in the nature of the 
basic constituent which may be a metallic oxide, 
carbonate, or borate (B P 142S7S), lime (L S P. 
141.3198 ; see also l’rahm, Rec trax elnm 

1931, 50, 1123), or bleaching powder (L S P. 
1327714. 199G3S8), etc 

Chloropicrm is a mobile oil, m p — G9°C , b p. 
112 C, of great chemical actix it\ , solutions in 
organic solvents often depositing ammonium 
chloride in the light (Piutti, Gazzctta, 1921, 51, 
l, 145) or yielding other products bx photo- 
chemical reaction (Alexejevvski, Cliem Zentr. 
1933, 1, 3G83) Reducing agents readilx attack 
ehloropicnn, iron and hydrochloric acid giving 
a theoretical xield of rnetliy lamuio (1'rankland 
et al , J C S 1919, 115, 159) while merenptans 
are reduced with formation of disulphides 
(Nekrassoxv and Melnikow, Ber 1929, 62, [B], 
2091). Grignard reagents effect replacement of 
the three chlorine atoms by alkyl or an 1 radicals 
accompanied bx luminescence (Midland 7,. 
Physik, 190G, 4. 417, Ashng and Duflord, 
Phx steal Rex 1933, (2], 44, 315) 

Chloropicrm is best recognised bv the colour 
reaction xv ith dimethy Undine paper or by the 
formation of nitrite on reduction with metallic 
calcium (Alexejew ski, J Cliem Ind Russ 1951, 
8, 50) Quantitative determination in the 
atmosphere is eflected either by absorption in 
acetic acid nnd reduction with iron, or by 
thermal decomposition ox er potassium carbon ate 
at 350°, the chlorine m both methods being 
estimated grax imetncallv (Deckert, Z. Hyg 
1929, 109, 485) 

Chloropicrm is highly poisonous (toleration 
limit for man, GO cu mm per cu m. air (Tlury, 
Z ges exp Med 1921, 13, 5G7), causing lachry- 
mal ion, coughing, vomiting anil eventually 
death by overwhelming edema of the lungs 
It has n corrosive action on the skin nnd fre- 
quently produces abscesses (Underhill, Ai eh Int 
Med 1919, 23, 7.33), exposure of wounds, cuts, 
etc , toitsaction invariably producing ulceration 

The lethal properties of chloropicrm have led 
to its wide use as a disinfectant (T I*. 077340), 
preservative (Plucker, Z Unters Lebensm. 

1932, 63, 313), insecticide, fungicide, fumigant, 
etc Its ready' detection recommends it ns a 
warning agent in illuminating gas (G P. 
447G55) nnd in hydrogen cyanide (Zentr. 
Gevvcrbehyg u Unfallv erhutung, 1927, 14, [3], 
Go , US P. 19494GG) It has found muny other 
uses, among which may be mentioned its use m 
veterinary practice (Client. Rep. US Dept 
Agr. 1924, 12), the purification of xnccines (P.P. 
012075), nnd the extermination of nits, foxes 
nnd other pests (Coinpt rend Acad Agric 
Prance, 1921, 7, 508) Among purely chemical 
uses may be mentioned its employment m the 
manufacture of crystal violet (li.S P. 1402195) 
nnd ns an oxidising agent m the synthesis of 
quinoline nnd derivatives (B P. 198402) Chloro- 
picnn has been Used in gas warfare and is 
regarded ns the tv pical gas of the non persistent 
deadly type (i Cheviical AVaiu vrf) 

Literature . — Review of important work up to 
nnd including 1931, Jackson, Chein Rev 1934, 
14,251. Complete summary 1S48-1932, United 
States, Dept of Agric., Miscellaneous Publi- 
cations, Xo 17G. 
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CHLORQUINOL, 2-ehIoro-1.4-dihydroxy- porated In plain or milk chocolate, to give nut 
benzene, m p. IOC®, b p, 263®. chocolate and nut milk chocolate. All these 

C H LO R Y L E N , A brand of trichlorcthylene. forms of confectionery chocolate are run, whilst 
Used ns an antineuralgic (Severing, London), still In a molten condition, into moulds, giving, 
B.P.C. on cooling, bars, blocks, rakes and numerous 

CHOCOLATE, from the Mexican word fancy shapes. 

“ Choeolatl.” i« the term applied to certain types Many types of chocolate confectionery are 
of cocoa preparations intended for human con- manufactured and sold, in which the chocolate 
■uroption, either in the form of a beverage or as forms an envelope or cot ermg for other sul>- 
a confection. No legal standards have been stances such as creams, biscuits, dried fruits, 
adopted in the United Kingdom, although pro- nuts, frmtjelly, liqueurs, and medicinal prepare- 
posals to this effect have been made [eg. R. tions such as pills The most important of these 
Whymper, Congress of Cocoa and Chocolate fancy preparations are the creams. The interior 
Makers. Berne, 1011, and N P. Booth. Seventh cream vs made either of powdered sugar or a 
International Congress of Applied Chemistry, mixture of this with glucose, ruth or without 
1903). The majority of chocolate preparations flavouring and colouring materials The mix- 
contain sugar, but some, usually prepared for ture is heated until it melts and, while in the 
special purposes, are unsweetened or have liquid state, is poured into starch moulds of the 
saccharin as the sweetening agent. Those to be desired shape on a table which can be agitated 
consumed in the form of beverage often contain by mechanical means. On cooling, the creams 
a certain proportion, about 20%, of arrowroot set into a stiff granular mass They are then 
or some other farinaceous substance. They may coated with the hot liquid chocolate paste In 
be in block form or as finely ground powder, order to render the paste more mobile when 
The largee proportion of chocolate, however, is heated and to gn o smoothness to the finished 
in the form of confectionery and tins also falls article, additional fat is added to the chocolate, 
into well-defined classes This may bo cither cocoa butter or a substitute 

Manufacture — The most simple type is fat such as illip6. The covering is effected 
what is usually known as plain chocolate, con- either by dipping the creams in the pvde or by 
sisting essentially of cocoa and sugar. The cocoa, pounng the latter over the creams, uniformity 
in the form of block cocoa from fermented beans being increased by means of the rocking tabic 
[tee Cocoa), is first prepared by grinding in a In recent years ra.ichmerj has been devised, 
null between granite or steel rollere at a tempera and is non in use, to carry out the costring 
ture (approximately 35*-40'C ) sufficiently high process. 

to melt the cocoa butter present and to reduce Chemical Examination — The chemical c< 
the whole to liquid form In order to give a animation of chocolate follows well defined lines, 
product which is smooth to the taste, the the principal features being the extraction, 
particles of fat free cocoa must be ground as determination, and examination of the fat, tho 
finely as possible. Mason (Analyst, 1933, 58. determination of tho percentage of sugar, and a 
410) states that in well known proprietary brands microscopical examination of the fat-free residue 
the maximum length of the particles varied from which will indicate the necessity for tho deter- 
1 to 200/i The sugar used in the manufacture nunation, if present, of cocoa shell or farinaceous 
of good class chocolate consists of white high matter. In the case of chocolate-cos ered goods 
grade crystals, while in lower quality choco- the covering and interior are separated, the 
latca an inferior grade is sometimes u«ed. It proportions determined, and the two parts then 
should be dried and ground to a fine powder examined independently. 

and may, with advantage, be warmed pre Owing to the extensive use of substitutes for 
\iously to admixture, in order to maintain the cocoa butter the complete extraction of the fat, 
temperature of the ina«s In special cases where not only for the determination of the proportion, 
sugar is inadmissible, as in chocolate intended but also for its subsequent examination, is a 
for use by diabetic subjects, the sugar is replaced matter of considerable importance. TheboxMct 
by saccharin It is then usual, in order to method, using light petroleum as a solvent, 
giie the necessary body to the chocolate, to takes considerable time, and various methods 
add some form of meal or flour (preferably hare been suggested, for all or which rapidity, 
leguminous) and pea, bean, or linseed meal ore without loss of accuracy, is churned. Bloomberg 
preferred for this purpose flavourings, chiefly suggests extraction for 4 hours with anhydrous 
vanilla, but less frequently cinnamon, cloves, ether In support of this, Fincke (Hull Off. 
mice, nutmeg or their essential oils, are almost intern fabr. choc. 1932, 2, 327) states that, if 
invariably added, usually m alcoholic solution there is a possibility of a substitute fit being 
In the cheap forms of plain chocolate substances present, ether is preferable to light petroleum, 
ore u«ed which many regard as adulterants, as the latter will not dissolve out the wax which 
Chief among these are wheat or potato flour, is likely to be present in tho adulterant fit. 
rice, arrowroot, dextrin and ground cocoa shell Lcppcr and Waterman (J. Assoc Off. Agnc. 
Milk chocolate is prepared by including in the Chcm. 1925, 8, 703), however, state that pro- 
molten mass a certain quantity ol dried milk Inmnary drying is necessary and, further, that 
powder Atthough, of course, the proportions the method is inaccurate owing to the extraction 
used by different makers vary greatly, the of theobromine and other substances They 
following may be regarded as a ’ypirai com- suggest a method of exhausting the sample by 
j>osition : 15% fat free cocoa matter, 23% several extractions with light petroleum, collect- 

cocoa butter, 40% sugar, and 20% milk powder mg the extract in atared Krlcnmejer flask, and 
Nuts, chiefly hazel or almond, are often incor evaporating the solvent, drying, and weighing 
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in the tisn.il manner. Hughes (Client. News, 
1010, 110, 104) suggests thnt the sample should 
be subjected to two preliminary washings with 
5 0% alcohol, the mixture being centrifuged and 
the liquid decanted off. The process is then 
repealed several times with a mixture of equal 
volumes of ether and light petroleum, the suc- 
cessive ethereal layers being decanted off into a 
fared flask, the solvents evaporated and the 
fat dried nnd weighed. In order to avoid 
tho evaporation of the solvent and tho weigh- 
ing of the dried residue, Hasso and Bake 
(Chcm.-Ztg. 1923, 47, 557) suggest the extraction 
of the fat by a mixture of equal volumes of ether 
nnd methyl ethyl ether. Tho difference between 
the respective refrnctometer readings of tho solu- 
tion and of tho solvent is referred to tables 
which givo tho appropriate percentage of fat. 
Iluffy (Mitt. Lobensm. Hyg. 1926, 17, 75) 
has attempted, with somo slight modification, 
to apply the Gerber method of estimating fat 
in milk, cheese, and meat. The preseneo of sugar 
in the chocolato presents a complication on 
account of its carbonisation by the sulphuric 
neid. It is claimed that this has been overcome 
by treating 3-5 g. of tho chocolate with 20 ml. of 
ether in a strong walled tube. The mixture is 
well shaken nnd centrifuged j 10 ml. of tho clear 
liquid can then be transferred by a pipette to a 
bolyroinetcr containing 13 ml. of sulphuric acid 
(density 1-5). This is shaken vigorously, centri- 
fuged for 5 minutes, nnd the reading taken. 
Hiirtel nnd Jaeger (Z. Nahr.-Genussm. 1922, 44, 
291) suggest that tho total fat should be ex- 
tracted from milk choeolate with light petroleum 
nnd its Boiohcrt-Mcissl value determined. This 
value, multiplied by the percentage of fat nnd 
divided by thirty, gives the proportion of milk 
fat, which is taken to bo one-quartcrof tho whole 
milk solids. In n later communication, how- 
ever, Hiirtel (ibid. 1924, 48, 32) states thnt if n 
certain kind of milk powder has been used, it is 
impossible to obtain nil the fat by extraction 
with ether or light petroleum. Jn considering 
tho fat extracted front milk chocolate, the 
possibility thnt skimmed milk has been used 
should not bo ignored. The butyric nnd saponi- 
fication numbers afford a reliable nnd rapid 
indication of this. 

Tlie proportion of sugnr present can readily 
bo determined by the polnrimeter, nfter clarify- 
ing the solution with basic lead ncctnte. For 
accuracy in this method von Fellcnberg nnd 
Unify (Mitt. Lobensm. Hyg. 1932. 23, 0) state 
that certain precautions, which they describe, 
nre essential, owing to tho disturbing effect of 
the fat-free cocoa matter. Mnenra and Hinton 
(Congris. Intern. I'abr. Chocolat. et Cacao, 
1930, 311) have made an extensive investigation 
of the subject nnd evaluated the. various known 
methods for plnin nnd for milk chocolate. The 
examination of the latter presents special 
difficulty, owing to the varying nnd uncertain 
character of the milk used in manufacture. 
Hiirtel nnd Jaeger (/.c.) give n method in which 
the amount of milk solids is determined from 
the content of milk fat (e. fitprn). Whilst the 
determination of the lactose mn«t bo made on the 
original substance, the proportion of casein can 
be determined by treating tiie fat-free dry residue 


with sodium carbonate, ns described in the paper. 
This is elaborated by Bcythien nnd Pannwitz (Z. 
Nahr.-Genussm. 1923, 46, 223) who state that 
tho ratio of casein to lactose in twenty milk 
chocolates varied from 1-16 to 2-74. A method 
of determination of tho milk content of choco- 
late, based upon the proportion of CaO in tho 
ash, is suggested by Grossfeld (ibid. 1922, 44, 
240). 

The presence of lecithin in cocoa and its pre- 
parations is of technical, and therefore of 
chemical, importance. Although tho reason is 
not clear, the presence of lecithin promotes tho 
mobility of hot cocoa or chocolate mass, hot 
this is not so marked xvhen milk has been added. 
Nottbohm nnd Mayer (Z. Unters. Lobensm. 
1933, 65, 55) have stated thnt free lecithin is 
nbsent from enrno beans but thnt choline from 
phosphntidcs, other than lecithin, may occur in 
the nlcoholic extract, possibly produced by tlio 
action of tho hot alcohol or by tho roasting 
process. It is generally accepted, however, 
thnt some lecithin is present in tho cocoa mass 
in varying proportions under 1%. The pro- 
portion is sometimes increased hv tho addition 
of commercial lecithin, thus making possible tho 
extraction of an additional 5% of fat without 
loss of mobility in the hot mass. Various 
methods for tho determination of lecithin havo 
been proposed, one being tho Koxhlct extraction 
with alcohol, the solvent being evaporated off 
nnd tho residue treated with 30% H„0 = nnd 
sulphuric acid. Tho solution is then neutralised 
with ammonia nnd the phosphnto from tho 
lecithin precipitated with a mixture of strychnine 
nitrate nnd ammonium molybdntc. The pre- 
cipitate is filtered, dried nnd weighed. Winkler 
nnd Snlo (J. Assoc. Off. Agrie. Ghent. 1931, 14, 
537) after extracting with alcohol nnd light 
petroleum, tnko tip the dried extract with chloro- 
form, add alcoholic potash, and evaporate agnin 
to dryness. Tho residue is then taken up in 
nitric acid and tho P-,0 5 determined. A vent nnd 
Morgan (J.S.C.I. 1932, 51, 169) consider thnt 
the best solvent to uso in tho extraction is a 
mixture consisting of four parts of benzene nnd 
one of alcohol. 

If the microscopic examination of the fnt-frec 
residue indicates the presence of foreign starch 
or shell, the former can ho estimated by the 
ordinary diastase method, allowance being made 
in the calculation of the result for approximately 
14% of starch in the fnt-frec cocoa material, 
nlthough it is better to make nit independent 
determination of this value. The proportion 
of shell can ho estimated by determination of 
the crude fibre, allowing for 6-10% in the fat- 
free rib nnd I S-25% in the fat-free shell, although 
in this case also an independent determination 
of the standards is to be advised. OflulL (.1. 
Assoc. Off. Aerie. Client. 1932, 15, 540) suggests 
certain modifications which render the fibre 
method applicable to milk chocolate. Jensen 
(" The Chemistry, Flavouring nnd Manufacture 
of Chocolate Confectionery and Coioa ”) quite 
properly emphasises tho point that the fibre 
determination alone i« probably only positive 
when over 25% of shell is present.' A more 
decisive analytical interpretation may he placed 
upon the ratio of the nitrogen to fibre which 
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differs very considerably for nib and husk ; butters " or “ green butters " are used, and, 
fibre 'nitrogen for the former being 0 99-1-27, more recently, hydrogenated coconut and palm- 
n\ erace 1 2, and for the latter 5 3-6 0. average kernel oils ; the latter are harder than the corre- 
5 6 ~ spondmg natural fats, and are also claimed to 

The dietetic value of chocolate has often been assist In the prevention of “ sugar bloom " of 
emphasised and has been the subject of eon- chocolates. The use of hydrogenated oik, such 
siderable discussion Knapp (" Cocoa and as arachis, cottonseed or sunflower-seed oik, of 
Chocolate.” 1920), quoting from the Journal of appropriate melting point has been proposed, 
the Koval Agricultural Society of 1914, states but as a rule the texture of such products is not 
that the “food value" of the cacao bean is satisfactory The use of Dikft fat (7 t?., from the 
represented by 183 units as compared with seed kernels of species of Jmnyia), which 
turnips 8. carrots 12, potatoes 26, nee 102, possesses ft suitable melting point and “ snap *’ 
wheat 106, peas 113. and oatmeal 117 He ako has also been suggested from time to time (<•/. 
quotes the United States Department of Baudon, Bull. Mat Grasses, 1926, 10, 38). 
Agriculture to the effect that the fuel value m It may be noted that the definitions for 
lb. calories of cocoa (0 5 oz to 1 pint of water) chocolate products adopted (the English delega- 
is 65 compared with tea (0 5 oz per pint) 15, tion dissenting) by the International Congress 
and coffee (1 0 oz per pint) 16. The figures of Manufacturers of Cocoa and Chocolate at 
represent the products without milk or sugar Antwerp (1930) intentionally imply a. prohibition 
He states thnt 1 pmt of cocoa made of one third of the use in “ chocolate ” of fats other than 
milk. } oz of cocoa, and 1 oz of sugar would repressed cacao butter the veto also extends 
ha\e a fuel value of 320 calories, and is therefore to the use of solvent extracted cacao fat or the 
equivalent, Ui this respect, to i lb of beef or fat from the germs and shell of the cacao bean. 
4 eggs Knapp further quotes data showing Similar standards have been adopted or are 
thnt eating chocolate has 2,538 calories per lb under consideration in the food legislation 
compared with sugar 1,815, oatmeal 1,811, of many countries, including Austria, Belgium, 
bread 1,180 beef steak 960, eggs 594, milk 314, Germani, Italv, the United States, Switzerland, 
potatoes 302. apples 214, and cod fish 209 France, New Zealand and South Africa, which in 
Sasaki and Wakayama (J Agnc Chcm Soc general forbids the undeclared inclusion in choco- 
Japan, 1932. 8, 160) found that plain chocolate late products of all fats other than expressed 
contained antincuritic a itamm B, 3 g of choco cacao butter (apart, of course, from the incidental 
lato per day being enough to cure antincuritic introduction of milk fat or nut-fats associated 
vitamin deficiency in pigeons Jensen (/e), with the corresponding ingredients of milk or 
however, considers that the vitamin content of nut chocolates) The Imperial Economic Com- 
ordinary plain chocolate is unimportant, but mittce in its Report on “ Cocoa " (22nd Rept. 
the consumption of good class milk chocolate 88 '503, 22. 1932, HMSO) has recommended 
ensures valuable calcium and phosphorus assimi that analogous legislation forbidding the use 
lotion by the definite vitamin D activity of more than a small proportion of cacao butter 
Vitamin A is ako present m proportion which substitutes in the manufacture of chocolate 
. increases the food value of milk chocolate pastes, etc , should be enacted in the British 

I F. G H. T Empire , the provision of a small margin for 

CHOCOLATE FATS (Confectionery other fats is suggested in accordance with 
Fats) l nder this name may be grouped those the amendment of the English delegates to the 
fats winch arc employed in the manufacture of Antwerp Congress, m order to allow the non- 
chocolate anil confectionery, for which purposes fraudulent inclusion of wholesome materials 
a non greasy, digestible fat, which displays a which might genuinely improve the product 
peculiar hard and brittle consistency (" snap ”) Up to the present (1938) no legislative steps 
together with a relatively low melting-point (not have been taken to implement tbe Committee's 

over ST'-SSX' ) is required This particular recommendations in the United Kingdom, where 

combination of properties is well exemplified the chocolate manufacturers regard such 
by cacao-butter (jr), which is both the regulations as undesirable, 
typical and most pmrd fat of this class, and E L. 

is employ cd for the highest grades of chocolate, alio C H OL A N I C ACID e. Cardiac Glyco- 
ctc. , but for cheaper products, cacao butter sides (Vol II , p 383a). 

may be replaced, cither wholly or m part. CHOLELYSE. A preparation of oleic acid 
by cheaper substitutes Animal fats, which for cholelithiasis. 

were used in earlier days, are liable to impart CHOLESTEROL is s member of a group 
an unpleasant “ animal flat our " to the choco of naturally occurring unsaturated secondary 
late, and at present only edible fats of vegetable alcohok, containing a nucleus of four reduced 
ongin are employed. Among the most impor rings. The presence of some one of these sterols 
tant of these are Borneo (ilhp£) tallow (71) seems to be essential to the life of all celk, but as 
(which, apart from its faintly greenish colour, yet little is known as to the part they play 
closely resembles cacao butter in physical in metabolism. In the tissues of animals, with the 
properties, and forms an excellent substitute) exception of certain invertebrates, cholesterol Is 
and the refined and deodorised *' steanns ” present and appears to be synthesised in tiro, 
prepared from coconut and palm -kernel oik Sitosterol and sttgmasterol occur in plant cell* 
by removing the softer portions of the fat and the highly unsaturated trgosterol is a 
by expression ; in addition, babassu and characteristic of many fungi (e ?• yeast, ergot, 
rouromuru fata (r Coconct Oil Group) and moulds). 

aometimea shea fat and other " v egetable In 1775, cholesterol w as discovered by Conrad 1 
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in gall-stones, of which it forms the chief con- 
stituent. It occurs cither free or ns its fatty 
acid esters in all animal tissues ; brain and 
nerve tissue, suprarenal glands and egg yolk arc 
particularly rich in it. It is readily extracted 
from gallstones ; it may be prepared by grinding 
up sheep's brain or other animal raw material 
with sand and plaster of Paris, or the minced 
tissue may be dried at 100°, ground in a coffee mill 
and the mass extracted with ether or acetone. 
The residue from the extract, after removing the 
solvent, if* saponified with alcoholic potash, the 
nlcohol distilled off and the cholesterol separated 
by extraction with ether. The formation of 
rmubions may be largely avoided by saponifying 
the ether extract of the tissue with an alcoholic 
solution of sodium ethoxide at ordinary tem- 
perature. After filtering off the compact 
mass of soaps which separates, the cholesterol 
crystallises out on concentrating the alcohol- 
ether filtrate. 

Properties . — Cholesterol is insoluble in water, 
sparingly soluble in cold, easily in boding alcohol 
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(sp.gr. 0-S7), and in CHCI 3 , ether. CS., less 
soluble in acetone, petroleum, benzene and 
glacial acetic acid. It is soluble in fats, fatty- 
acids, and in solutions of bilesalts. It crystallises 
from ether or CHC1 3 in silky needles, m.p. 150° 
(corr.), from 90% alcohol it forms characteristic 
plates, containing one molecule water of crys- 
tallisation. Sp.gr. 1-046 ,- optically active; 
[a] D — 31 -12 = in ether solution, — 30-61° in 
CHCI 3 . Sublimes unchanged at 200’, but is 
decomposed nt higher temperatures, hydrogen 
being evolved at 300°-320°. Distils unchanged 
in vacuo. 

Constitution . — Our knowledge of the structure 
of cholesterol is based on a long series of 
researches initiated by Mauthner in 1S93 and 
carried out by, amongst others, Diels, Borsche, 
and especially by Windaus and his co-workers 
from 1903-1932. The formula which now finds 
general acceptance is a modification by Wieland 
and Dane (Z. physiol. Ohem. 1932, 210, 268) of 
that advanced by Rosenheim and King (Cliem. 
and lnd. 1932, 51, 464, 954). 
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The connection with the bile acids first 
suggested by Lifschutz (Ber. 1914, 47, 1459) 
was definitely established by Windaus and Neu- 
kirchen (Her. 1919, 52, [B], 1915) ; the researches 
of Wieland and his colleagues on the structure of 
the bile acids have led to the identification of a 
series of degradation products, common both to 
cholesterol and tho bile acids, which has been 
of the greatest importance in establishing 
their constitutions. The similarity of the 
structure of these substances with that of tho 
group of sexual hormones is also of physiological 
importance. 

Hydrogenation . — Reduction with platinum 
and hydrogen gives cholcstanol (dihydrocholc- 
sterol), m.p. 142° (Willstiittcr and Mayer, Bcr. 
1908,41,2199), of which coprostanol (coprostcrol) 
occurring in the intestines is an isotneride 
(Dorce nntl Gardner, J.C.S. 1908, 93, 1625). 
Reduction with nickel and hydrogen nt 
200'’ gave a mixture of dihydroderivatives, 
8- and c-cholcstnnols ; S-cholcstanol on boiling 
with amyl nlcohol and sodium amyl oxide gave 
eoprosterol, separated as the digitonido and 
recovered from this bv boiling in xylene 
(Windaus, Iter. 1916, 49, 1724). S- nnd c- 
t’holcstanols were shown to lie the isomeric 
forms of cholcstanol nnd coprostanol respec- 
tively which depend on the inversion of the OH 
group. Neither 8- nor c-cholcstnnol gives a 
precipitate with digitonin nnd they should now 
t>e known ns rpieholestanol nnd rpicoprostanol 
respectively. 


Oxidation . — Various oxidising agents, c.g. 
nitric nnd chromic acids, have produced a long 
series of oxidation products some of which aro 
referred to below. By the action of ozone an 
ozonidc containing 7 ntoms O is formed (Dorce 
nnd Gardner, J.C.S. 1908, 93, 132S; 1909, 95, 
638; 1910,109,46). 

The Presence of a Secondary Alcohol Group 
was proved since the ketone cholcstenone (m.p. 
78°) was formed by oxidation with CuO at 
300° (Diels and Abdcrhaldcn, Ber. 1904, 37, 
3092) or b) r oxidation of cholestcryl bromide 
with chromic ncid in acetic solution at 70’ 
(Windaus, Ilcr. 1906, 36, 518) nnd removal of tho 
Br by zinc and acetic ncid ; in the latter rcnction 
Tschcschc has shown that the cthenoid link in 
cholcstenone has moved from the 5:6 to the 4:5 
position. 

The. Position of the Elhenoid and Secondary 
Alcohol Groups. — Originally- Windaus postulated 
the presence of a terminal vinyl group ; if, how- 
ever, cholesterol is oxidised with fuming nitric 
ncid (Windnus.Ber. 1903.36,3752; 1917,50, 133) 
nnd tho unsaturated nitro-derivativc obtained 
treated with zinc nnd acetic ncid, nitrogen is 
removed n« ammonia nnd the kcto-aleohol, 
cholestanonnl. C. T H t6 0. (m.p. 140’), is formed, 
which on further oxidation with chromic acid 
gives choledanedione (m.p. 170’-171°); this 

may also be obtained by oxidising cholesterol 
with cold chromic acid or KOBr solution to 
choUstar.trioh oxidising further to cholritancme. 
diol, splitting off water and reducing the 
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cholestenedione thus formed {Win dam and CO, on heating. The carbinol and ethenoid 
Kirchner, Ber. 1920, 53, [B], 614). groups most therefore be in separate ring", and 

If cholcstanonel it converted to tie corre- since no two carboxyl groups can be attached to 
eponding chlorokctonc. the latter on oxidation the same carbon atom, the — CH CH — and 
and reduction yields ft C„ dibasic arid which on — CH OH groups must also be separated by at 
further oxidation is converted to a tetrabasic acid least two carbon atoms (Winds us and Ton 
containing 27 C atoms, and which does cot lose Stadcn, Ber. 1921, 54, [B], 1059). 
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S/rvcture of the Side-chain — Oxidation of dibasic acid produced was converted to an anhy. 
cholesterol with nitric acid led to the isolation dndenndby applying Blanc's rule thata6 carbon 
of a senes of products amongst which Windaus chain dibasic acid (e g adipic) on heating give* s 
(Z physioL Cbem. 1918, 102, 160; Windaus cyclic ketone and a 6-carbon dibasic arid {eq. 
and Kesau, Ber. 1913, 46, 1246) identified glutanc), an anhydnde, a 5 carbon nng structure 
dinitrowopropane, and acetic, succinic, methyl waa attributed to Ring II. The same reasoning 
succinic, and a glutanc acids, acetone, hydroxy- led to a 5-carbon nng structure being later attn- 
uobutync acid, methyl vwhexylkebone and wo- bated to RmglV. The applicability of the Blanc 
octane, each of which may be regarded aa denved rule to the determination of nng structure wa* 
from an 8-carbon side cham having the structure criticised by Rosenheim and King (Cbem. 
— CHMe[CH,]jCHMe,. Since acetone and and Ind 1932, 51, 464) and on other grounds a 
cholamc acid are formed by the oxidation of 6 carbon nng structure is now attnbuted to both 
coproetane, which is known to contain the same Rings I and II. Evidence that Rings III end 
side-chain as cholesterol, this structure for the IV are present in the nucleus of cholesterol 
side chain was confirmed when Wieland, Jacobi, was supplied by the work of Wieland and his 
and SchJichting (Z. physiol. Cbem 1926, 161, colleagues on the bile acids (q.v.). By bacteml 
80), by means of alternate Gngnard condensa- reduction of cholesterol in the intestines, copro- 
tions and oxidations, removed successive sterol, isomeric with dihydrocholesterol, is 
carbon atoms from the side-chain of cholamc formed. This gives on reduction p^eudochole- 
acid until finally letiocholanone, stane (isomenc with cholestane) which on oxida- 

tion yields a cholanic acid identical with that 
.SS' inh3oinji*ifxmr»lhr«'iin]irimu , in‘ , Jub: Jthrdhw 

I hydroxyl groups of the latter mav be reduced 

''CH, giving C I4 H jo O^ cholamc acid. The Batarated 

hydrocarbon, cholestane, C„H 4S . obtained by 
(m p, 105®), was left, the ketone group being complete reduction of cholesterol (Mauthner. 
present in nng IV, to which the side-chain was Monatsh. 1907, 28, 1113; 1909, 30, 635) 
attached. yields on oxidation acetone and crystalline 

Ring Structure of the Nucleus — Up to 1931 cholanic acid, C„H (0 O, (Windaus and Keu- 
the presence of two reduced rings had been kirchen, Ber. 1919, 52, [BJ, 1915) isomeric with 
established in the cholesterol molecule Di- bile cholamc acid. The empirical formula 
hydrocholesterol on oxidation gave the dibasic C X7 H„ for the saturated hydrocarbons chole- 

acid C„H,,0,, which on heating lost CO, and stane and coprostanc, itself indicated the presence 
water, giving a cyclic ketone, C,,H u O, and of a 4 nng sj stem (Diels and Linn, Ber. 1908,41, 
this on further oxidation gave a Cn-dibasic acid, 544). Further knowledge as to the structure of 
which lost water on heating, forming a cyclic the skeleton of the sterol nucleus was supplied 
anhydnde. To nng I, therefore, by Blanc's rule a by the work of Diels et al. ( Ber. 1 927, 60, [BJ, I <9, 
cyclohexane structure was assigned (Windaus Annalen, 1927, 459, 1) on the dehydrogenatin' 1 
and Palmer, Ber 1919, 52, [BJ, 162). When product* of cholesterol and chohe acid, 
cholesteno, containing the unsaturated link in Mauthner and Suida (Monatsheft. 1896, 17, 29) 
Ring II, waa converted through its mtro-denva- obtained as thermal decomposition products of 
tire to a ketone and the latter oxidised, the ebolesteryl chlonde, a mixture of hydrocarbon 
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of the formula C„H M , -which no longer con- 
tained the 8-carbon side-chain of cholesterol; 
from the dehydrogenation products of this com- 
pound by hydrogen and selenium at 240 = -310', 
Diels isolated chrysene. Cholesterol similarly 
treated gave cliryseno and two hydrocarbons, 
C IS H, S and C 2S H 2I . The presence of four rings 
in the nucleus’ was thcreforo established. The 
hydrocarbon C, 9 H 1(! was identified by Rosen- 
heim and King and by Kon as 3-methylcyclo- 
pentenophenanthrene. In chrysene, the Me 
group at position 13 in cholesterol has entered 
the 6-carbon ring IV forming a 6-carbon ring. 
Cj.Hjj v as identified as a pentacyclic hydro- 
carbon, formed by ring closure between the 
terminal side-chain and the nucleus, thus giving 
evidence ns to the position of attachment of 
the side-clmin. The grouping 



must, therefore, be present in the cholesterol 
molet ole. 

When it had been established that the nucleus 
contained 17 C atoms, the side-chain 8 C atoms, 
2 C atoms remain to bo accounted for. 
Evidence has been given above that a methyl 
group occurs at position 13, and the other methyl 
group is placed at position 10 for the following 
reasons, when ring 1 of the cholesterol molecule 
was broken down step by step to a monobasic 
acid by the action of Grignard’s reagent this 
arid was very difficult to estcrify indicating 
that a tertiary carbon atom containing a methyl 
group was probably adjacent to tho COOH 
group. For this and other reasons position 10 
has been assigned to the second methyl group. 

X-ray examination of the sterols by Bernal 
(Chain, andlnrl. 1932, 51, -166) showed that the 
previously accepted formula; did not accord with 
the crystallographic measurements, whereas 
Rosenheim nnd King’s formula (ibid. -164) is 
supported both by the crystallographic measure- 
ments nnd the optical evidence. 

Isomerism in the Cholesterol Series . — A large 
number of isomeric derivatives exist. Structural 
isonierides arise from variation in the position of 
the double bond. Stcreohomerides due to tlic 
inversion of the OH group occur nnd may be 
differentiated by the action of digitonin, those 
containing tin OH group in tho same position as 
cholesterol being precipitated by digitonin, no 
such precipitate being formed when the O H 
group is in the inverted position. .Stereoisomer- 
ism due to the relative position of Rings 1 and II 
al.-o takes place. Thus cholesterol nnd ehole- 
sti no may be converted to copro-terol nnd copro- 
Mono by the action of HCI. Cholestatic and 
its derivatives are regarded ns the Irans-dcrira- 
lives; the coprostnnc series as the rfs-com- 
poutuls. Windaus (Bcr. 1904, 37, 4733) pre- 
pared isomeric ovyketodibasic acids, C.-Hj.Oj, 
one forming a lactonic acid (m.p. 102'- 193') 


which on heating with potash gave an oxyketo 
acid incapable of lactonisation (trans form), and 
concluded that the reduced ring structure must 
be capable of cis-trans isomerism. 

Nomenclature . — Considerable confusion exists 
in tho nomenclature of the cholesterol deriva- 
tives since names were given before the relation- 
ships of the various compounds had been eluci- 
dated. It has been suggested by Rosenheim and 
King (Chem. and Ird. 1934, 53, 91) that certain 
useful simplifications showing structural con- 
nections should now be made. The term pseudo 
has been used to denote both steric and struc- 
tural isomerism ; it seems desirable now to use 
the term “ cpi ” for all substances formed by 
steric inversion of the OH group, c.g. cpi- 
cholestanol, cpicoprostanol, these substances 
do not give insoluble digitonidcs. Tho term 
copro should be given to the cis- derivatives 
related to coprosterol ; some of tho changes 
involved would be ; 


Old nomenclature. 

Xew nomenclature. 

(Ci»- derivatives.) 

(Cis- derivatives.) 

Coprostcrol (saturated 

Coprostanol 

alcohol) 

Allocholcsterol (un- 

Coprostenol 

saturated alcohol) 
Coprostanone 

Coprostanone 

Coprostcnono 

Coprostcnono 

Pseudocholestano 

Coprostano 

I’seudocholestcno 

Cholesteno 


Cholcstcryl Esters .— Those of the lower fatty 
acids are prepared by heating cholesterol with 
the anhydrides of the acids ; those of tho 
higher fatty acids by boiling the cholesterol 
with the ncid and a dehydrating agent. Theso 
substances on melting form anisotropic liquids, 
many of tho esters having three stable liquid 
phases. Tho acetate melts at 114°, tho pro- 
pionate at 98°. The benzoate melts at 144°-145° 
to a turbid liquid which examined with tho 
polariscope shows definite crystal structure and 
at 178° passes to a clear liquid, tho p-nilrobenzn- 
atc melts at 189°, p-aminobenzoate nt 238°. 
The laurate can be heated several degrees above 
its melting-point without melting (Shriller and 
Ko, J. Biol. Chem. 1928, 80, 1). 

Detection . — Cholesterol crystallises in charac- 
teristic thin rhombic plates from 90% alcohol. 
Under the microscope they often show notched 
angles and exhibit a curious overlapping 
arrangement. A number of colour tests arc 
given by the unsaturnted bterols ; tho most 
important for cholesterol is Salkowski’s test, 
in which 2 c.c. of a CHCI 3 solution of 
cholesterol aro shnken with an equal volume of 
cone. H 2 SO { , the CHCI 3 layer passes through 
blood-red and cherry -red to purple, which 
lasts for several days ; poured into a basin, it 
becomes successively blue, green and yellow- 
owing to absorption of water. Tho sulphuric 
ncid layer is strongly fluorescent. 

Iodine l'alue . — This may be satisfactorily 
determined by Hiibl’s method if the condition’s 
arc closely defined ; Wijs reagent gives variable 
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and much too high results, owing either to 
substitution or, according to Schoenheimer, 
because rc formation of the double bond takes 
place with liberation of iodine (J Biol. Chem. 
I93o, 110. 461) The xc'in acids aLo give 
abnormally high values with Wijs solution. 
The anthracene hydrocarbons react similarly 
with Jlubl and M ijs reagents, whereas the phen- 
wvthreoes give much higher values with \\ ijs 
than with the Hu hi solution (Smedley Maclean 
and Thomas. Biochem J 1921, 15, 321) 
Dam recommends a solution of bromine and 
pyridine sulphate (S g Br. 10 g cone H t S0 4 , 
and 8 g pvndine per litre) (Biochem Z 1924, 
152, 101) 

EeU motion — The total amount of cholesterol 
in a ti'Mie may be determined by precipitating 
the alcoholic solution of the un»aponifiahle 
fraction with a 1% solution of digitonin in 90% 
alcohol . after standing for some hours, the 
precipitate, containing 25% cholesterol, is 
collected on a Gooch filter, washed with alcohol 
and ether, duel at 100*. and weighed If it vs 
desired to estimate separately the free and 
combined cholesterol, the alcoholic solution 
of the ether soluble extract mu«t first be pre 
cipitated with the digitonin solution and the 
residue then saponified and the cholesterol 
estimated in the unsapomfiable fraction 
Preacher (Z Xahr Genusam 1917, 33. 481) re 
commends that after saponification the soap 
should be decomposed with hydrochloric acid, 
and the chloroform solution of the fatty acids 
separated, filtered and treated with the 
digitonin solution at 50°. the liquid being stirred 
during the precipitation A micro method for 
the estimation of cholesterol by oxidation of the 
digitomde is described by Ohey (J Biol Chem 
1930, 88, 367) In fats where adulteration with 
vegetable oils has taken place, it is important to 
discriminate between the vegetable and animal 
sterols , for this the acetates or dibromidea must 
be prepared and their melting points examined. 

Marcusson and Schilling recommend the 
following method (Chem -Ztg 1913, 37, 1001). 
50 g fat are shaken far 15 minutes in a separating 
funnel with 20 c c 1% alcoholic solution of 
digitonin The bottom layer of oil is run off, 
the alcoholic upper layer containing the ffoccu 
lent precipitate of digitomde is shaken with 50 
to 100 c c ether. The precipitate is washed 
with ether, dried, powdered, again washed, and 
then heated with 1 5 c.c. acetic anhydride in a 
test tube for half an hour On cooling, chole- 
sterol and sitosterol acetates cry stallise out. The 
tn p. of the recry stallised acetates arc respec- 
tively 111“ and 128°. Cholesterol and sitosterol 
may also be separated by crystallising theif 
dibromidcs from ether and glacial acctio acid 
(Wind# us, Chem Ztg 1906. 30. 1011) A 
mixture of 4 g cholesterol and 4 g sitosterol is 
dissolved in Sl> c c. ether and 60 e c. 5% bromine 
in glacial acetic added After standing for one 
hour at 0“, the precipitate is washed with 
40 c.c. glacial acetic acnl, and with 40 
50% acetic acid, the washings being added 
to the filtrate and a further precipitate added 
to the original precipitate, which is then washed 
with water and dried. The precipitate contains 
the cholesterol dibromide, the filtrate the sito- 


sterol compound. The cholesterol is recovered 
by heating the precipitate with 100 c c. glacial 
acetic and 5 g. Zn dust for 2 hours, the excess of 
zinc filtered off, and a large quantity of water 
added The sitosterol is obtained by treating 
- milarly the solution of the sitosterol dibromide 

Cholesterol occurs with other sterols in » 
preparation of wool fat known as hnolm and 
uved mainly for medicinal purposes ; own,- 
to the ease with which, when mixed with olne 
oil, it is absorbed by tbe skin, it is used in 
the preparation of ointments and salves ; it u 
aho used in the manufacture of cosmetics and 
pomades and for softening leather. Wool fat, 
which contains about 70% sterol and 30% 
fatty acids, is saponified by caustic soda giving 
an emulsion which on dilution with water gives 
the so called wool milk. On centrifuging ltn 
pure lanoline separates out and is purified by 
repeatedly kneading with water and centn 
fuging The purified product is alterwardi 
kneaded with 30% water and forms the hydrous 
w ool fat of the B P Anhy dious lanolin absents 
about 100% of water, does not become rancid, 
and is antiseptic A commercial preparation of 
cholesterol extracted from the spinal cord of 
cattle is also available 

iso Cholesterol, m p. 137°-13S°,[a] B — +60°, also 
occurs in wool fat and may be separated from 
cholesterol by heating the mixed sterols for 
30 hours in a sealed tube with four times their 
weight of be run ic acid The benzoates are 
insoluble m boiling alcohol and are separated by 
crystallising from ether Cholesteryl benzoate 
crystallises in shining plates, loocholesterol 
benzoate as & light powder, m p. 190°-191‘. 
noCholesterol gives no colour reaction with 
chloroform and sulphuric acid and is not pre- 
cipitated by digitonin. When shaken with 
sulphuric acid, the yellow solution gradually 
changes to brownish red , in the Liebcrmann- 
Burchard test, a brow n red colour is obtained 
\\ indaus and Tscbescbe (Z. physiol Cbem. 
1930, 190, 58) showed that isocholesterol is a 
mixture of two sterols both containing 30 carbon 
atoms 

Ben 

Alcohol Acetate mate 
m p m p m p 

Agnosterol, C, 0 H 44 O 162° 173“-174“ 203" 

Lanosterol,C„H io O 140°-141° 113“-114“ 191* 

I.S M 

CHOLESTEROPHAN. Dimethyl par* 
bamc acid, 

^/NMe — CO 


CO 


\nm* 


CHOLIC ACID. Cj,H, 0 Oj. 3 7:12tn 
hydroxycholanic acid (r. Bile Acids). 

CHOLINE AND RELATED SUB- 
STANCES. Choline, Inmtlhyl ■ p - hydroxy 
ethylammonium hydroxide, 

HO CHj CHj NMejOH, 

is formed by the hy drolysis of lecithin and hence 
probably occurs in combination in all living 
cells ; its isolation from animal and vegetable 
tissues has been recorded very- many time*, wit 
has no significance, since it is readily set ft** 
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from phosphatides by chemical processes or by 
cnr.vmc action. KaufTmann (Z. physiol. Chem. 
1911, 74. 175) has shown that when perfectly 
fre=li ox brain is worked up rapidly, with suitable 
precautions, hydrolysis may be avoided and no 
choline is obtained. The free choline in semen 
i« the result of enzyme action (Kahane and Levy, 
Compt. rend. 1930, 202, 2180). The best natural 
source is crude lecithin ; hard egg-yolk is ex- 
tracted with ether and then with alcohol ; the 
extracts arc mixed and evaporated and the 
residue is hoiled for 1 hour with 50 parts of 
cold saturated baryta solution. After removal 
of the baryta ns carbonate or sulphate, the 
filtrate is evaporated and the residue is extracted 
with absolute alcohol. Alcoholic mercuric 
chloride then precipitates choline mercuri- 
rhloridc, C 5 H, 1 0NCI-6HgCI 2 ,H.,0, which salt 
can he crystallised from hot water ; it is very 
slightly soluble in the cold. After removal of the 
mercury by hydrogen sulphide and evaporation 
of the filtrate, choline chloride is extracted from 
the residue by alcohol. For the isolation of 
small quantities of choline, along with betaine, 
from plants, see Schulze (Z. physiol. Chem. 1909, 
60, 155). The final separation depends on the 
ready solubility of choline chloride in absolute 
alcohol, which leaves betaine chloride behind. 
Choline is, however, best prepared synthetically, 
by the method of Renshaw (J. Amer. Chem. 
Soc. 1910, 32, 128) ; rather more than one 
equivalent of trimethylamino gas is passed into 
ethylene chlorohydrin in a tube cooled to —12° 
to —20'’, which is subsequently heated to 80°- 
90° ; the yield is almost quantitative. (For 
another method, starting from ethylene di- 
hromidc, sec Kruger and Bergcll, Ber. 1903, 36, 
2901.) 

Choline can bo recognised to some extent 
qualitatively by means of its dichroitic crystal- 
line period ide (Florence’s test, for semen ; 
Jlocarius, Z. physiol. Chem. 1901. 34, 339 ; 
Rosenheim, J. Physiol. 1905-1906, 33, 220). 
This salt is precipitated at a concentration 
of choline of 10 -0 by adding a concentrated 
solution of iodine in potassium iodide. If the 
choline solution contains sodium bicarbonate, 
the weak base betaine is not precipitated, and 
can be separated ns periodide after acidification 
of the filtrate from the corresponding choline 
salt (Stnnck, Z. physiol. Chem. 1905, 46, 280 ; 
1906, 47, S3 ; 48, 334). The rcincckate of 
choline, [Cr(SCN),(NH 3 yNMe 3 C.,H 4 -OH, 
"ith a solubility of 1 0~ s may also be employed 
qualitatively and quantitatively. The mcrcuri- 
chloride mentioned above forms crossed hexa- 
gonal prisms, m.p. 249°-251 c , soluble in 50 parts 
of water at room temperature, but practically 
insoluble in absolute alcohol. The plntini- 
chlnrnlr , (C S H ( t O N ),PtCl c , dissolves in 5-8 
parts of water at 21° and is dimorphous ; the 
conversion of the regular isotropic into the 
nnbotropie monoclinic form is the surest means 
of identifying choline without nnnlvsis (KaufT- 
ninnii and Vorlfmdcr, Bor. 1910,* 43, 2735). 
1 lie oi trichloride dissolves in 75 parts of water at 
and in hot alcohol. Neither the gold nor 
the platinum salt has a characteristic melting- 
point. 3 he free base and many of its salts are 
syrupy (for details, sec Gulewitsch, Z. physiol. 


Chem. 189S, 24, 513). For soluble non-deliqucs- 
cent salts, see G.P. 290523, 290740. Minute 
quantities of choline can bo recognised and 
estimated by physiological means, after con- 
version into acetylcholine (Guggenheim and 
Lofiler, Biochem. Z. 1916, 74, 208 ; Fiihncr, 
ibid. 19)6, 77, 408). 

Acetylcholine, HO-NMe-pCf-L-CH-cOAc, 
has during the last decade come to be recognised 
as a substance of great physiological importance. 
Its powerful action in lowering the blood pres- 
sure (many thousand times as great as that of 
choline) was noticed by Hunt and do Taveau in 
1911 (U.S. Hyg. Labor. Bull. 73). It was first 
recognised in ergot by Dale (J. Physiol. 1914, 48, 
3) and isolated by Ewins (Biochem. J. 1914, 
8, 44). Dale and Dudley (,T. Physiol. 1929, 68, 
97) isolated it from the spleen of horses, in 
which tissue physiological tests indicated the 
presence of 10 mg. per kg. BiscliolT, Grab and 
Knpfhammer (Z. physiol. Chem. 1930, 191, 179 ; 

1931, 199, 135 ; 200, 153) claim to have isolated 
28 mg. per litre from ox blood by means of 
Rcineckc salt, but this relatively enormous yield 
has not been confirmed by others. Acetyl- 
choline is secreted by the endings of the para- 
sympathetic nerves, when the nerves are stimu- 
lated, and so acetylcholine is responsible for the 
humoral transmission of certain nervous im- 
pulses ; thus it passes into the fluid perfusing 
a frog's heart, when the vagus nerve is stimu- 
lated, and the fluid can then affect a second 
heart (Loewi). In these experiments the 
amount of acetylcholine is too small to bo 
isolated, but its presence may be inferred from 
its rapid hydrolysis and inactivation by boiling, 
by alkali, or by an enzyme. This onzyme, 
cholinc-cstcrase, was isolated from horse serum 
by Stedman, Stedman and Easson (Biochem. J. 

1932, 26, 2056) ; its action is inhibited by 
physostigmine and similarly constituted syn- 
thetic urethanes. Hence physostigmine poison- 
ing is in reality a poisoning by the subject’s own 
acetylcholine. The synthesis of acetylcholine 
in ox brain has recently been demonstrated by 
Stedman and Stedman (Biochem. J. 1937, 3i, 
817) ; they isolated 18 mg. as the double chloro- 
platinatc of choline and acetylcholine from 
minced ox brains, after 2 hours incubation at 
37° ; physiological tests (on leech muscle) 
indicated that 4S mg. hod been formed. The 
last-named paper and one by Dudley (Biochem. 
J. 1929, 23, 1064) should be consulted for the 
difficult technique of isolating this very unstable 
ester in the presence of much larger quantities 
of choline. 

A large number of other esters of choline and 
its homologucs have been investigated (Hunt 
and do Taveau, l.c. ; Mcnge, J. Biol. Chem. 191 1, 
10, 399 ; U.S. Hyg. Labor. Bull 96 ; Ewins, 
Biochem. ,T. 1914, 8, 366 ; Foumcau and Page, 
Bull. Soc. chim. 1914, [iv], 15, 544). They nro 
all less active than the acetyl derivative, to which 
the pyruvyl ester perhnps comes nearest. The 
nitrons acid ester, formed by oxidising choline with 
nitric acid, was long regarded as “synthetic” 
muscarine and considered to be an nldehvde. 
until Ewins (Biochem. J. 1914, 8, 209) showed 
its true nature. A/ nscarinc of A manita mttscarin, 
the Fly Agaric, has a pharmacological action 
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related to that of acetvlcholme and, according I 
to K6fL Duisberg and Erxleben ( Ar . n aien, 1931, 
4S9, 156) prohatly the constitution 

HO NMe,CH(CHO)CHEt OH. 

The alkaloid ttnapin in black mustard weds is 
the chohne ester of smapie arid. In connection 
with the physiological action of mate vencm, 
Fonrocan and Page {lx.) found pclmilyl- and 
t'raryl- choline to be strongly hmmolytic. Acetyl 
choline and some related derivatives have been 
used tentatively m therapeutics ; the mo*t ira 
portant of thee is perhaps cariaminoylcholine 
{Dory I of E. Merck) Other substances in which 
cholin- u esterified with phosphoric acid have 
been isolated from animal tissues (liver) ; they 
seem to result from the partial hydrolysis of 
lecithin and sphyngomyelin ; for these and the 
Liocfcemistrv of choline, set Kahane (BulL Soc. 
Chim. biol. 1937, IS, 207). 

Other tascs related to chohne are nevnne or 
rtnytlrimeth'/lammemiiim hydroxide, 

CHj CH NMe,OH. 

formed from choline by putrefaction and having 
a similar physiological action, but 10-20 times 
as tone, p Aminaeihyt alcohol or fl-hydroxy 
cthylamine {cclamtn'), HO CHj CHj NH^. vis 
obtained byThudjchnm in 1884 by tie hydrolysis 
of the brain phosphatide kephahn (l.e. lecithin 
without y methyl groups). Colamme has also 
been obtamed from other phosphatides (Tner, 
Z. phy*iol. Clem. 1913. 86. 1, 141, 153. 407) 
For a fuller account of choline and related sub- 
stances, see Guggenheim, “ Die biogenen 
Amine," 2nd ed-. Berlin, 1924 (3rd ed. in pre 
paration), and for the biochemistry of choune, 
Kahane, BulL Soc Chim. biol. 1937, 19, 205. 

CHOLINE ESTERASE is an enzyme of 
the Lpase class which hydroly«es acetylcholine, 
HO NMe,CH,CHOAc (r. Ckolece). In 
view of the outstanding importance of acetylcho. 
Lne as the substance by means of which the para- 
sympathetic nerves produce their effect, the 
existence in the body of an enzyme capable of 
destroying it is of interest. 

It u apparently a specific enzyme and widely 
distributed m the tissues (Galehr and Planner, 
Pfiuger's Arehiv 1927, 218, 453. 506). A 
method of preparing it from blood serum is 
described by Stedman and Stedman (Biochem. 
J. 1935, 29. 2563). Its activity is best deter- 
mined by titration with 0-02 .V-NaOH with 
bromotbymol blue as indicator (Stedman, 
Stedman and White, Biochem. J. 1933,27, 1055). 
It is destroyed by heat above 56’. 

It act* on other esters of chohne ; an increase 
in the sue of the acyl group increases the rate 
of hydrolysis unless a side chain has been intro- 
duced, when a decrease occurs (Easson and 
Stedman, Proc. Roy. Soc. 1936, B 121, 142). 

Tbeorder is a-bntyry l>propionyl>iwbotyryl 
>»cety l>beozoyL 

The influence of j> a on chohne esterase to 
some extent dependj on the substrate : the 
optimum Leg above p H 8-0. The enzyme is 
remarkable in being reversibly and specifically 
poisoned by a group of synthetic urethanes allied 
to esenne, particularly phyeoetigmme and mo- 


tine. Easron and Stedman (be.), who have 
most recently studied the question, assume that 
the substances which inhibit the enzyme act by 
combining with it m the same wav as tie 
chohne esters and thus blocking the activs 
groups. In this connection an interesbcg 
calculation has been made in regard to the 
activity of the enzyme, namely, that each 
art i re group in it hydrolyses about 1,490 mob. 
of acetylcholine per second. The amount of 
inhibitor required to produce a large inhibition 
of the enzyme is very mmute. 

CHOLUM or CHOLAM r. Cnnuiv 
Miu-et. 

CHONDRIN. An albuminous substance 
allied to and resembling gelatin, obtained by 
boiling cartilage with water. It dries to a hard, 
horny substance which softens to a jeDy in cold 
water, and is soluble in boiling water. An 
aqueous solution is decomposed by 2% alumin- 
ium hydroxide into chondroitin sulphuric acid 
(c. CnovDEoms) which remains in solution and 
has [a]t, —46 59 D and the chondnn residue 
flajj, — 3S6 85°) which is adsorbed in the colloid; 
this reaction affords a method of differentiating 
between chondnn and glutm, as a solution of the 
latter gives an immediate precipitate with 
banum chlonde, whilst a solution of chondnn 
gives no appreciable precipitate, but if the 
solution is t Hired with 1 0% aluminium hydroxide 
and filtered, the filtrato gives with banum 
chlonde an immediate precipitate of the banum 
salt of chondroitin sulphunc acid (Rakuzrn and 
Brando. J Russ Phya. Chem. Soc. 1926, 52, 
397 . Z. Enters Lebensm 1926, 52, 397 ; 
P-akuzm, Chem. Ztg 1923, 47, 602) 

CHONDODENDRINE, CHOND0- 
DRINE, an wcxjuinolme alkaloid. 

CHONDROITIN is a tetraaaccbande con 
sutmg of two glucuronic acid and two chondros- 
amine units. 

E. F. A. 

CHONDROSAMINE is 2 aminogalactoe. 

It has been obtained from some of the muons 
and mucoids and has been investigated by 
Levene and La Forge (J. Biol. Chem. 1914, 18, 
123; 1915,20.443). 

E. F. A. 

CHOPIN EXTENSIMETER r. Batio 
(VoL n, p. 76i). 

CHOPPING NUT or ESERE NUT r 
Can bab Beau (Vol. IL p. 19Sd). 

CHROMATOGRAPHY c. Caeotesoiw 
(Vol II. p. 395) and CitoncAL Axitt sis (ibid, 
p 625). 

CHROMITE or CHROME-IRON-ORE. 
A member of the spinel group of minerals, con 
sistwg essentially of ferrous oxide and chromic 
oxide, FeO Cr,O t or FeCr 1 0 4 . analogous to 
the alummates. The ferrous oxide is, however, 
often partly replaced by magnesia, and the 
chromic oxide by alumina, so that there is » 
passage to chrome spinel or picotite ; on the 
other hand, with a replacement of chromic oxide 
by feme oxide, there may be a transition to 
magnetite (Fe.O, or FeFe,0 4 ). All the** 
minerals are cubic in crjstallisaticri and beJocg 
to the same isomorphous group— the spin** 
group. The actual amount of chromic otws 



95 


CHROMITE OR CHROME-IRON-ORE. 


varies considerably, ns shown by the following 
analyses ; the ordinary ore, ns mined, contains 
on an average 45% Cr 2 0 3 . 



Cr,0 3 

AljOj 


I. 

67-9 

— 

— 

II. 

44-15 

22-41 

5-78 

m. 

59-20 

7-15 

n.d. 

IV. 

41-23 

24-58 

2*28 

V. 

50-54 

12-13 

— 


FeO 

M*0 

32-1 

— 

11-70 

15-67 

25-02 

4-42 

16-99 

14-77 

18-01 

14-08 


I. Calculated for FcCr.O,. 

H. franklin. Macon Co., North Carolina. 

111. I’rlce’fl Creek', Yancey Co.. North Carolina (J. H. 
Pratt, Amer. J. Sci. 1809, 7, 281). Also 
SIO, 2-80, MnO 0 00. 

IV'. Tarnpadel, Lower Silesia (H. Traube, Z. dent. 

Ceol. Gcs. 189t, 49. 50). 

V. Dun Mountain, New Zealand. 

(For analyses of chromite Isolated from meteorites, 
tee W.Tassin, Proc. U.S. Nat. Museum, 1908, 
34, 085.) 


In general appearance, chrome-iron-ore is 
very like magnetite, but it is readily distin- 
guished from this by the dark-brown colour of 
its Btreak or powder, and by tho fact that it is 
only slightly, if at all, mngnctic. Sp.gr. about 
4-5. Crystals are of rare occurrence, tho mineral 
being usunlly found as grains disseminated in 
basic rocks of igneous origin, especially those 
rich in olivino (viz. tho peridotites). Sometimes 
tlicso grains arc segregated into nodular masses 
of considerable size and with a granular to com- 
pact texture. Rocks of this kind, when sub- 
jected to weathering processes, become hydrated 
and altered into serpentine, and for this reason 
most of tho workable deposits of chrome-iron- 
ore arc in serpentino rocks. With tho denuda- 
tion and breaking down of these rocks, tho 
heavy grains of the chemically resisting chromite 
collect in the beds of streams and rivers ; and 
some of tho deposits worked in the Ural Moun- 
tains nro of this nature. 

Chromito is tho only commercial sourco of 
chromium and its compounds. It is used for tho 
preparation of tho oxides and chromates em- 
ployed ns pigments, and in dyeing, calico- 
printing and tanning ; in tho manufacture of 
chrome-steel and ferrochroine, and for chrome- 
bricks and furnace linings. It is mined in 
Asia Minor, Sorbin, Greece, tbo Ural Mountains, 
Now Caledonia, India, Balucliistnn, Rhodesia, 
Quebec, California and Oregon ; and formerly, 
to a considerable extent, at Baro Hills, near 
Baltimore in Maryland, and in Lancaster Co. in 
Pennsylvania. Quarries w ere, at ono time, 
worked on Unst, ono of tho Shotlnnd Isles 
(Special Reports on tho Mineral Resources of 
Great Britain, Vol. 5, Mem. Gcol. Survey, 1916). 

differences . — Chrome ore and chromium, Im- 
perial Mineral Resources Bureau, London, 1920. 
On the chemical composition of chromite, sec 
L. AY. Fisher, Amer. Min. 1929, 14, 341. On 
Canadian deposits, F. Cirkcl, Dept, of Mines, 
Canada, No. 29, 1909 ; and tho-o of Rhodesia, 
F. K. Keep, Bull. Gcol. Survey Southern 
Bhodcsin, 1930, 16, 

„ L. J. S. 

CmroMiTE as a RrntACTonv Mateiual — 
Chromite is one of tho most important neutral 
refractories, especially in metallurgical furnaces. 
It is said to have been used in France in 1872 
and earlier in Austria. In addition to a high 


melting-point, in the neighbourhood of 1,950'C., 
it is not acted upon by siliceous fluxes, and for 
that reason is often placed as a “ buffer ” layer 
between the basic magnesia and acid Dinas 
brick in Siemens-Martin and other furnaces. On 
account of its resistance to gases, flue-dust and 
slag particles, chrome bricks are used for the 
ports of gas-fired furnaces, tap-holes, etc. It is 
employed for the construction of furnaces for tho 
smelting of copper and nickel ores (Glenn, Eng. 
and Min. J. 1901, 72, 637 ; J.S.C.I. 1902, 21, 
52), and is also very resistant to oxides of 
antimony, lead and bismuth. 

Chromite should contain over 40% of chromic 
oxide and less than 6% of silica, tho remainder 
being composed of ferrous oxide, alumina, lime, 
and magnesia. In some cases it is employed in 
the form of lumps or loose powder which can bo 
packed in position and afterwards sintered or 
even fused into a monolithic layer. The material 
may also bo ground, mixed with a suitable 
binder, moulded into bricks, which must bo fired 
at a high temperature. It has been stated that 
clay could not be used as a binder, but chromite 
mixed with from 10 to 15% of Zettlitz kaolin 
gave a very refractory product (Simonis, Staid 
u. Eisen, 1908, 28, 334 ; J.S.C.I. 1908, 27, 283). 
The most usual binders are refractory clays, 
bauxite, magnesite and lime, the last giving a 
highly refractory brick. Chromite bricks are 
heavy (sp.gr. about 4-5), close-textured and 
fairly strong mechanically, but, like magnesia 
bricks, fail suddenly at about 1,400°C. under a 
load of 60 lb. to the Bq. in. AVologdino (Bull. 
Soc. d’Encour. 1909, 108, i, 879 ; J.S.C.I. 1909, 
28, 709) gives tho following figures for the heat 
conductivity : 

Chromuo I. ... 0-0057 C.G.S. units. 

„ II. . . . 0 0055 

„ agglomerated 0 0028 „ 


Tho electrical resistivity at various temperatures 
has been measured by Hartmann, Sullivan and 
Allen (TranB. Electrochem. Soc. 1920, 38, 279) 
and by McLeod and M'Mnhon, working under 
Professor Stansfield at McGill University (ibid. 
1912, 22, 89). Tho two sets of measurements 
which differ somowhat aro given in the following 
table : 


Cold . 
800’C. 
000°C. 
1,000’C. 
1,100’C. 
1.200 5 C. 
1,300’C. 
l.JOO’C. 
1,500'C. 


Hartmann el. at. 

Stansfield el. al. 

-18-1 Megohms. 



803 Ohms 

2,800 Ohms per cm. cubo 

525 „ 

700 ., 

171 „ 

420 

78 „ 

430 

03 „ 

450 

77 „ 

410 


320 „ 

41 i* 

— 


Chromite appears to expand regularly with 
increasing temperature and has a larger thermal 
expansion than any other ordinary refractory 
material, except magnesite, amounting to 1-6% 
at 1,GOO°C. (B. Bogitch, Compt. rend. 1921, 
173, 1358). 

During tho last few years, a considerable 
amount of attention has bren given to the effect 
of relatively largo admixtures of chromite with 
other refractory materials, especially chrome- 
silica, chrome-magnesite, and chrome-alumina 
mixtures. In some cases, possibly most marked 
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with chrome alumina mixtures, beating to a confirmed, a wheat plant being hilled by a 
high temperature may bring about chemical 0 0064% solution of sodium dichromate, whereas 
reaction between the oxides with the formation it required a 0 5% solution of chromium sulphate 
of new compounds, but in others the chromite to give a similar result. The red coloration 
retains its identity. At the same time, its given by sodium 1 S dihydroxy naphthalene 
presence modifies the behaviour of the mixture 3 6-disulphonatc was utilised for the identifies- 
in service Thus, chrome silica bnchs are tion of traces of chromium in plant ash Work- 
mechanically’ stronger at high temperatures men exposed to the dust of potassium dichromate 
than plain chrome bricks, and tend to spall less hav e suffered from skin eruptions and mftamma- 
than either chrome or silica bricks. Similarly, tion of the septum of the nose There is a 
chrome-magnesite bricks have a greater rests risk of chromium poisoning in lithography, 
tance to spalling than many fireclay bricks and a founding, tanning, and dyeing where chromium 
higher " refractoriness under load ” than normal compounds are handled, and also from the spray 
silica bricks (Budnikoff and Mandelgnn, Ber from chromium plating baths (Dobbs, JSC.I. 
Deut. kerara Ges 1932, 13, 521 , Lynam and 1930, 49, 163T). The protection of workers has 
Rees, Trans Ceram. Soe. 1936, 35, 138 ; ibid been studied by the Metropolitan Life Insurance 
1937, 36, 110 ct , Chesters and Lee, ibid. Co. (Service Bur. Bull. No 403; J. Amer. 


1937, 38, 294). Rieke and Ungewiss, Ber. Deut. 
Keram Gcs 1935. 16. 482) 

The following analyses, taken from various 
sources, illustrate the composition of chromites 
for refractories : 

Cr,Oj 51 23 62 20 53 66 

Fe.O, 36 63 28 10 16 20 

Al,0, 317 2 60 13 90 

MgO 3 70 1 10 9 22 

CaO 5 10 3 07 0 78 

SiO, 1 87 2 60 6 20 

101 79 99 67 98 96 

W C. H 

CHROMIUM. Symbol Cr, at wt 6201, 
at no 24, isotopes 50, 52, 53, 54 The common 
chromium mineral and the only important ore 
of chromium is chromite, FeCr 2 0 4 (qv.) 
Chromium also occurs in chrome diopside and 
in the mica known as fuchsite, which is dis- 
tinguished from other varieties by its brilliant 
green colour, in chromium garnet and in certain 
chlontu. chromium minerals which accompany 
the chromite As lead chromate it occurs in 
crocowte, PbCr0 4 , and as basic lead chromate 
in the rare mineral melanehroite or phamto- 
ehroite (formerly phanicite) 3Pb0 2Cr0, 
Me'eontcs often contain chromite but rarely 
more than 1% The red colour of the ruby 
(I’apish and O Leary, Ind Eng Chcm (Anal ], 
193 1 , 3, 13), thegreemsh colour of serpentine, vtrde 
antico marble, emeralds and many other minerals 
arc due to the prearnco of oxides of chromium 
(Snintc-Claire Deville and Carron, Ann Chim 
1865, (n ], 5, 108, cf. Vrmeuil, Compt. rend 
1910, 150, 183). Mitchell (Astrophys J. 1930, 
71, 1) confirmed the presence of chromium 
hues in the solar spectrum Spectrogniphie 
analysis has reicaled the presence of traces of 
chromium in the ash of all the organs, somewhat 
more concentrated in the thyroid and spleen 
(I)utott and Zbinden, Compt. rend 1930, 
190, 172) Demar^ay reported the presence of 
chromium in traces in wood ashes (i6id. 1900, 
130, 01). 

Koenig (Landw. Jahrb. 1910, 39, 775, 
JCS 1911. 100, it, 624) described the stimula- 
tue anil toxic effects of various chromium com 
pounds on plants. The results obtained by other 
workers, that the higher the degree of oxidation 
of chromium the more toxic its effect, were 


Leather Chem. Assoc. 1936, 31, HO; ef Foil, 
ibid. 31, 65, Halle aux Cuirs, 1935, 149) 
Chromic salts are less toxic than chromates 
(Akatsuka and Fairhall, J. Ind. Hyg 1934, 
16, 25; D. Brard, “Toxicologic du chrome,” 
Pans, Hermann A Cie, 1935). 

Chromium has many uses in the arts; it forms 
a series of alloys with iron, carbon, nickel, 
manganese, etc , which include the stainless 
steels ; it is deposited electrolytically as a 
bright coating which does not tarnish, in tho 
process of chromium plating Chromic salts are 
used in tanning leather and for the preparation 
of chromium green. Chromates, usually sodium 
or potassium dichromate, are also employed in 
tanning, and to an important extent in wool 
dyeing and as chroroated gelatm in photo- 
mechanical and colour printing The alkali 
chromates are employed in the preparation of the 
pigments, lead chromate (chrome yellow), and 
nno chromate (zinc yellow) In organio 
chemistry chromio acid is used as an oxidising 
8gent, chromic oxide serves as a catalyst w 
the synthesis of methyl alcohol and in the 
cychsation of hydrocarbons. Cf. Homer Ad 
kins, “Reactions of Hydrogen with Organic 
Compounds over Copper Chromium Oxide and 
Nickel talysts," University of Wisconsin 
Press, 1037. 

The scientific interest of chromium is con- 
siderable, the metal can assume a passive state, 
it forms many series of coloured compound", 
corresponding to all the valencies from 2 to 6 
inclusive. Cr 11 . The blue solutions of chromous 
salts containing the ion Cr++ arc powerful 
reducing agents. Cr 111 The chromic salts 
derived from Cr 2 O s exist in two states, violet 
crystalbsable solutions which on boiling become 
green and do not then cryatalbse. These solu 
tions may contain unstable hydrated ions, eg 
(CrCI 5H 2 OJ++. Cr' 1 . They ellow chromates 
and orange dichromates derived from the tri- 
oxide CrOj ionise m solution to Cr0 4 and 
Cr 2 O r — . Cr 1 '. Quadrivalent chromium u 

contained m the senes of salts derived from 
triphenyl chromium hydroxide (C ( H s ) 2 CrOH 
Cr v . 1 he corresponding tetrapbeny I chromium 
salts (C g H s ) 4 CrX contain quinquev alent 
chromium 'lhe ebromohy droearbons 
(CgHjJjCr and (C,H,) 4 Cr 
have been prepared in the free state. There ars 
three senes of perch romati*. nxl MjCrO*. 
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blue MCr0 6 , nnd brown co-ordination com- 
pounds [(NHj) 2 Cr0 4 ]. A very large number 
of ehromammines and analogous substances con- 
taining pyridine, urea, etc., have been described. 
The ethylene diamine compound [CrCI 2 -2en]CI 
and al“o the doublo oxalate K 3 [Cr(C 2 0 4 ) 3 ] 
have been separated into optically active forms. 
The resolution indicates an octahedral structure 


for these and other co-ordination compounds of 
chromium. 

For a review including chromite, chromium, 
and ferroehrome, see Roush, Mineral Ind. 1 1136, 
54, C1-C9. The following statistics of the produc- 
tion of chromite ore during recent years have 
been supplied by the Imperial Institute in 
May, 1938. 


World's Production or Chrome Ore. 
(Long Tons.) 


Country. 

1930 

1931 

1932 

1933 

1934 

1935 

1930 

1937 

British Empire 









Southern Rhodesia . 

202,385 

80,334 

15,445 

34,493 

70,901 

104,240 


271,265 

Union of South 








Africa .... 

13,508 

22,967 

19,005 

33,541 

60,388 


172,890 

105,958 

India .... 

50,684 

19,913 

17,805 

15,520 

21,576 

KiHBI 

49,480 


Other British Empire 

1.G70 

22G 

454 

918 

2,781 


1,739 


Foreign Countries 








Greece .... 

23,032 

5,545 

1,531 

14,550 

30,209 

29,309 

40,599 

55,0G1 

U.S.S.R. (a) . . . 

G5.G0G 

72,123 

76,242 

80,913 

85,943 

181,500 


(d) 

Yugoslavia . 

50,583 

57,402 

38,524 

25,833 

40,604 

51,540 


58,918 

Cuba 

38,380 

11,882 

500 

21,837 

57,325 

(6)42,081 


(c) 93,098 

Japan .... 

11,421 

9,573 

12,295 

19,081 

20,792 

35,730 

37,808 

id) 

Turkey .... 

27,750 

24,987 

— 

74,189 

117,951 

148,090 

1G1.292 

189,408 

New Caledonia . 

G0.91G 

72,979 

08,332 

49,281 

54,310 

54,437 


47,204 

Philippine Islands . 

— 



— 

_ 

(6)1,272 

2,873 

75,209 

Other foreign 







countries . 

1,827 

3,589 

C03 

3,544 

1,133 

840 

4,304 

5,044 

Total . . 



251,000 





id) 


(«) Figures up to and including year 1934 refer to the year ending Sopt. 30th ; figures for 1935 
nnd 19G3 refer to the calcndnrycarand probably contain somoore needing concentration, (6) Exports, 
(c) Imports into the United States, (d) Not available. 


Fora discussion of chromite oro nnd chromium, 
world production, prices, nnd imports, see 
Anon. Mineral Ind. 1935,44,58 ; cf. “Imperial 
Institute Monograph on Mineral Resources, 
Chromium Ore, new edition in preparation. 

Pure Chromium . — Adcock (J. Iron and Steel 
Inst. 1927, 115, 309, 435) obtained tho metal of 
a high degree of purity by the electrolysis of a 
bath containing 300 g. chromic acid and 10 g. 
sulphurio acid per litre. A yield of 22-G g. 
per kw.-lir. of compact metal was deposited on a 
rotating steel tube which formed tho cathode. 
This chromium contained hydrogin which was 
removed by melting tho product in ivcuo, and 
oxygen which could only be eliminated by 
heating in n currant of pure dry hydrogen at 
l,500°-],600°. Tlio' final product, although 
spectroscopically pure, was criticised in the 
discussion of the paper ( l.c . 435). Tho difficulty 
of tho preparation is shown by tho fact that tho 
product could not bo melted even in alumina 
crucibles in vacuo without being contaminated 
with oxygen. 

Many methods depend on tho reduction of 
chromic oxide. Rohn (Z. Motallk. 1924, 16, 275) 
heated the oxide to 1,500° in a Heraeus tube 
furnace in a stream of purified dried hydrogen. 
The best of these methods is probably tho 
thcimit process of II. Goldschmidt (Annalen, 

Vol. III.— 7 


189S, 301, 19) in which a mixture of chromic 
oxide and granular aluminium is brought to 
exothermic reaction and fusion of the whole 
mass by firing it with a fuse made of 
barium peroxide nnd aluminium powder. Tho 
metal, 98-99% pure, separates from a layer 
of sing. 

Commercial Chromium is made by one of two 
methods, the thermit process above described, 
nnd by reduction of chromic oxide with tho 
theoretical proportion of silicon, to which some 
lime is added to form a slag, in an electric 
furnace. The chromium thus obtained is 
98-99%, and may contain up to 0-9% Fe 
nnd not above 0-8% silicon ns major impurities. 
Tho metal from tho thermit process contains 
a maximum of 0-9% aluminium. Neither pro- 
duct contains more thnn 0-2% carbon (A. B. 
Kinzcl nnd W. Crafts, “ The Alloys of Iron and 
Chromium,” vol. 1, 1937, McGraw-Hill Book Co. 
Inc., London nnd New York; Trcitschke nnd 
Tnmman, Z. nnorg. Chem. 1907, 55, 402). 

Pyrophoric Chromium has been prepared by 
heating chromium amalgam, HgjCrand HgCr, 
in vacuo below 300°. The amalgam is prepared 
elect roly tically or by the action of sodium 
amalgam on solutions of chromic salts (Ferio 
Compt. rend. 1S95, 121, 822). 

Physical Properties.— Electrolytic chromium is 
















CHROMIUM. 


98 


a very hard bluish white metal which takes a 
brilliant polish. The hardness is about 9 on 
Mohs scale, or 2,000 by the scratch test which 
gives 1,950 for case-hardened steel (U S. Bureau 
of Mines, Information Circular, I C. 6566, 
1932). The presence of occluded hydrogen has 
been considered to be the cause of part at least 
of the hardness (Adcock. lc.). According to 
JIakaneva and Biryukov (Z. Elektrochem 1935, 
41, 623) heating the metal to remove hydrogen 
may even increase the hardness. The face-' 
centred cubic lattice structure of chromium 
confers maximum hardness, the hexagonal and 
body-centred cubic lattices being less hard and 
converted into the first named structure on 
heating. The density of degassed electrolytic 
chromium at25°/4°is 7 138±0 003andat -50°/4° 
is 7 156±0-001 (Huttig and Brodkorb, Z. anorg. 
Cbem. 1923, 144, 347) Donng found 7 085 
for 98% chromium mado by the thermit process 
(J. pr Cbem. 1902, [u], 66, 63). International 
Critical Tables, u, 456, and also Landolt-Bom- 
stein Tabellen, 1927, Erg&nz. l, 104, give the 
density aa7 1, for later values, c. xbid. Ergani II, 
i, 210 , III, J, 2S2. The coefficient of thermal 
expansion between 20° and 100° 13 0 0000067 
(Hidnert Phys Rev. 1932, [2], 39, 18G). 

Very divergent values have been published 
in the father literature for the melting point of 
chromium, l,420°-2,000°, figures which indicate 
the difficulty of preparing a pure specimen 
L. Muller (Ann Physilc. 1930, [v], 7, 48) deter- 
mined the cooling curve of electrolytic chromium 
with a thermo-couple between 2,000° and 1,400° 
and found the m p 1,805°. F Hoffmann and 
Tingwaldt (Z. Metallic 1931, 23, 31), employing 
an optica! pyrometer, observed them p ofelectro- 
ly tic chromium contained in a magnesia crucible 
in on evacuated resistance furnace, and also the 
melting temperature at a hole in a bar of sintered 
chromium powder heated by an electnc current 
The first method gave 1,800°±10° and the 
second 1,765±10“. Fnemann and Sauerwald 
(H. anorg. Chem. 1931. 203, 73) found 1,915°- 
1,925° in vacuo and 1,650° m a mixture of H, 
and N a . According to Greenwood (Proc. 
Roy. Soc. A, 1909, 82, 396) the metal boils at 
about 2,200° , it can bo distilled in an electnc 
furnace under ordinary pressure (Tiede and 
Birnbrauer, Z. anorg. Chera. 1914, 87, 149) but a 
carbide distils in a grapbite tube. 

The specific heat at —252 5“ is 0 014 (Dewar, 
Proc. Roy. Soc. A, 1913, 89. 158). at -190° 
values near 0 03 were found by several observers 
(inter alia Richards and Jackson, Z. phyaikaL 
Chem 1910,70,414); av erago values at 0 °, 0 1W, 
and 100°, 0-110, have been recorded (Schimpfi, 

« bid 1910, 71, 257; Schubel Z. anorg. Chem 
1914, 87, 81). At 1,000° Umino found 0 135 
(Sci. Rep. Tfihokw, 1926, 15, 697). According 
to Jaeger and Rosen bohra (Proc. K. Akad 
Wetensch. Amsterdam, 1934, 37, 489) thermal 
effects duo to polymerisation may cause 
uncertainty in determining the specific heat of 
chromium at different temperatures. 

The arc and spark spectra of chromium are 
complex, the most intense rays are A 4254 34 , 
3003 33 . 4274 80, 4289 73, 3578 68, and 3593 49 ; 
the wavelengths underlined are the raiea ultimes 
of do Gramont (<•/. F. T wyman, “Wavelength 


Tables for Spectrum Analysis,” 1923, A. Hilger, 
London). 

H. von Wartenberg measured the refractive 
Index n 2 97, the index of absorption nx 4 85 
and the reflectivity R%, 69 7 for the yellow 
mercury line 679 rap (Verb. Deut. PhysikaLIGes 
1910,12,105). According to Bernoulli (Phyeikal. 
Z. 1904, 5, 632), active and passive chromium 
give different values for reflexion, a result which 
suggests the presence of a surface 61m on the 
passive metal. 

Chromium forms a therm oelectrio couple with 
nickel (Base, Z. Metallk. 1929, 21, 200). Since 
chromium functions only as anode, eg. in an 
alcohohc solution of calcium nitrate, it will 
rectify an alternating current (Sborgi and 
Cappon. Nuovo Cun., 1922, [vi], 23, 303). 

A Uot ropes of Chromium. — The existence of two 
allotropes of chromium has been inferred from 
X ray examination of the metal (Bradley and 
Ollard, Nature, 1926, 117, 122). Three allo- 
tropes are reported by Sasaki and Sekito (Trans. 
Electrochem. Soc. 1931, 59, 437; cf. Makarievs 
and Biryukow, 1 e ). The hexagonal aUotrope 
contained in electrolytio chromium is trans- 
formed into one of the two cubic modifications 
by heating the deposited metal to 130° for 15 
minutes (Wood, Phd. Mag. 1937, [vu], 23, 981). 

Passive and Act ne Chromium . — Chromium is 
described as active when it dissolves in the 
halogen hydracids, oxalic, sulphuric, and hydro- 
fluosihcic acids, or when the metal becomes 
charged with hydrogen while used as a cathode 
A fresh surface exposed by scratching the passive 
metal is active. Chromium becomes passive 
when immersed in chlorine- or bromine water, 
njtne, chromic andchlono acids, and in solutions 
of potassium permanganate, ferric chloride or 
potassium femeyamde ; when exposed to air 
or oxygen or if employed as an anode provided 
the voltage exceeds a critical value. In the 
electrochemical senes passive chromium is placed 
near Pt, whilst active chromium is close to Zn. 
Muthmann and Fraunberger measured the 
potentials acquired by a number of samples in 
KCI solution against a calomel electrode snd 
found +0 35 volts with active chromium and 
— 1 47 with passive chromium ; these are the 
extreme values (Sitzungsber, bayr. Akad. 1901. 
(ill, 34. 201). Local patches of more or less 
active or passive metal may exist on the same 
specimen. The existence of an oxide film on 
passive, chromium has been much discussed in 
the literature (e g. W. J. Muller, Z. Elektrochem 
1931, 37, 328. For protective oxide films on 
metals, see numerous papers by U. R. Evans) 
Among the authors who dispute this explanation 
are Rathert (Z. physikal. Chem. 1914, 88, 567) 
and Bowman (Itcc. trav. dam. 1924,43, 1, 399) 

Muller and Essin (Z. Elektrochem. 1930, 38. 
963-972) measured the potential of chromium, 
deposited elect rolytically on copper, in contact 
with solutions of different acids as a function 
of time and of temperature. The result* 
indicate that at 0° the metal is passive towards 
N-hy drofluonc, -hydrochloric, -hydro bromic, 
•sulphuric, -perchloric, -phosphoric, and -nitnc 
acids, but that on warming to a temperature 
whmh is characteristic for each acid and increase* 
with the diameter of the anion, the met«l 
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becomes active towards the first four acids ; 
in phosphoric, perchloric, and nitric acids it 
remains inactive at 100’. 

Further experiments by Miiller and Schwabe 
(Z. Elcktrochem. 1031, 37, 185-197) on the 
activation of chromium by cathodic polarisation 
in acid solutions show that each acid requires a 
definito activation potential. The negative 
potential at which activation occurs in normal 
arid solutions increases in the order, hydro- 
chloric < hydrofluoric < hydrobromic <C sul- 
phuric < perchloric < orthophosphoric ; thus, 
activation is more easily affected the smaller 
the anion is. Tire potentials for electrolytic and 
thermit chromium are slightly different. When 
the activation is affected by grinding with an 
emery wheel there is again a definite activation 
potential, which depends on tho anion of the 
acid, and the order is tho same as that given 
above. The experiments lead to tho following 
deductions concerning the nature of passivity. 
Chromium in tho passive state is covered by a 
network of chromic oxido molecules, which are 
anchored to tho units of tho chromium space 
lattice. Acids cannot dissolve tho oxido film 
except by penetrating between the molecules, 
and the size of the anion is therefore important. 

In a later paper (Z. physikal. Chem. 1936, 176, 
273) E. Mtillcr states that in M-HCI at 20°, 
chromium amalgam oscillates periodically be- 
tween the activo and passivo states. In 
M-H = S0 1 massivo chromium is passive, but 
can be rendered permanently activo by weak 
cathodic polarisation. Tho experimental results 
in the paper are contrasted with tho author’s 
earlier explanation of passivity (Z. physikal. 
Chem. 1932, 159, 68). 

Chemical Properties . — The puro metal is not 
affected by air, oxygen, or chlorine at tempera- 
tures up to 300° C. It is not attacked by nitric 
acid, aqua regia, ammonia solution, acetic acid, 
lactic acid, or by molten zinc, tin, or brass. 
Chromium is attacked by gaseous hydrogen 
chloride, and at high temperatures by sulphur 
vapour and hydrogen sulphide. It dissolves 
in hydrochloric acid and the rate of evolution 
of hydrogen varies periodically with tho 
time, a phenomenon which has been studied 
by several authors (Ostwnld, Z. physikal. Chem. 
1900, 35. 33. 20; Adler, ibid. 1912, 80, 385; 
E. S. Hedges and ,T. E. Myers, J.C.S. 1924, 125, 
601; “Tho Problem of Physico-Chemical 
Periodicity,” London, 1926). Chromium is 
nI«o dissolved by tho other halogen hydracids, 
and by dilute sulphuric acid, tho action being 
accelerated by heating, or by tho presenco of 
impurities in tho metal. Tho metal burns with 
vivid sparks when heated in tho oxyhydrogen 
blowpipe forming the sesqnioxide, Cr.Oj. 

Electrolytic Chromium, Chromium Plating . — 
Tho brilliant appearance, tho hardness and 
resistance to corrosion of elect rolyticnlly 
deposited chromium are available only since the 
existence of tho modem art of chromium 
plating, a process which was not generally 
successful before Fink's U.S.P. 1581 1SS of 1926. 
Fink employed a bath containing 250 g. CrO n 
and 2-5 p. S0 4 ion per litre with a current 
density of 34 to 144 amp. per sq. ft. of cathode 
surface. More recently Pierso! has used 
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350 g. Cr0 3 , 2-6 g. H : S0 4 , and 10 g. of 
HjB 0 3 per hire and obtained hard deposits 
with tho bath at 57° and a rate of deposition of 
0-002 in. per hour (Metal Clean. Finish. 1935, 
7, 325, 385, 535). With a bath resembling Fink’s 
(supra), the hardness increased with falling 
temperature, 3S° or over being too high {ibid. 
7, 73, 169 ; Kronsbein, J. Electrodep. Tech. 
Soc. 1935, 23; Cymboliste, Compt. rend. 1937, 
204, 1654). Poor results are obtained with 
baths of chromic salts (Applied Chemistry 
Reports, 1933, 18, 363). Specifications for 
chromium coatings are discussed by Francis- 
Carter, J. Electrodep, Tech, Soc. 1935, 10, 09. 
Explanations of the process of electrolysis of 
tho three types of chromium compounds Cr++, 
Cr+++, and Cr0 4 — are proposed by Kasper 
(Bur. Stand. J. Res. 1932, 9, 353 ; 1933, 11, 515 ; 
cf. Weiner, Z. Electrochem. 1936, 42, 5S5; 
Rogers, Trans. Electrochem. Soc. 1935, 68, 1 ; 
E. Muller, Z. Elektrochem. 1937. 43, 361). 
Wright (Chom. and Ind. 1930, 473) distinguishes 
two types of chromium plating: (1) on a 
preliminary coating of nickel or copper for 
proventing rusting of automobile and machinery 
parts, taps, cutlery, and scientific instruments ; 
(2) direct plating on tools, pressure rollers, 
and plates where a hard surface is required 
(cf. GaTdam, Metal Ind. 1930, 36, 245, 279; 
Dobbs, ibid. 36, 435). Tho direct method is 
much less important (cf. Vignos, B, 1937, 70S). 
Disadvantages of the chromic acid hath and 
suggested improvements are discussed by 
Cuthbertson (Applied Chemistry Reports, 1937. 
22, 413 ; heavy Ni and Cr plating in England, 
I'escol process, by Bonilla, Trans. Electrochem. 
Soc. 1936, 71, Preprint 2, 9). Among special 
works, see “ Chromium Plating,” by Bauer, 
Arndt, and Ivrauso, transl. E. W. Park, E. 
Arnold, London, 1935; B. Freeman and F. G. 
Hoppe, “ Electroplating with Chromium, 
Copper, and Nickel,” Prentice Hall, New York, 
1930; R. Schncidcwind, “Chromium Plating,” 
University of Michigan, 1928. 

Chromium Hydride. — Electrolytic chro- 
mium may contain 250 times its volume of hydro- 
gen (Carveth and Curry, J. Physical Chem. 1903, 
9, 353). Tho gas contained in the metal burns 
off without further heating after tho specimen 
is brought into contact with a flame (Iliittig 
and Brodkorb, Z. anorg. Chem. 1925, 144, 341). 
When an ethereal solution of chromic chloride 
and phenyl-mngncsium bromido is shaken 
with hydrogen gas, a black precipitate is formed 
of tho composition CrH, (Weichselfcldc-r and 
Thiede, Annalen, 1926, 447, 75). 

Chromium Carbonyls. — Tho hcxacarbonyl 
is formed when carbon monoxide acts onGrismnrd 
reagents (c.g. C c H.-MgBr) and chromic chloride 
in ether-benzene ’solution (Job and Cassal, 
Bull. .Soc. chim. 1 927. [iv], 41, 1041). After hvdro- 
lysis the product is steam-distilled ami Cr(CO), 
is obtained by vacuum-sublimation as colourless, 
stronclv refracting, orthorhombic crvstali, iso- 
morphous with Mo(CO) t and W(CO) c , and 
readily soluble in inert organic solvents. " It is 
so volatile that it disappears from a watih- 
glass in a Jew hours. It melts in a scaled 
tube at 149 c -]50’ and the vapour decomposes 
slowly above 120°, yielding a mirror of pure Cr 
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{Hieber and Romberg, Z. anorg. Chem. 1935, 
221, 321). When heated with pyridine in a 
sealed tube under suitable conditions it yields 
bright red CrfCOMCjHjN),, yellowish red 
0,(00), (C,H S N),. and yellow 


Cr(CO) 1 (C i H s N)j 
(Hieber and Miihlbauer, ibi d. 221, 337). For 
organo-metallic compounds of chromium, fee 
J. Jfewton Friend. “ Inorganic Chemistry,” 
vol. ji, pt. 4, C. Griffin & Co., London, 1937 ; 
E. Krause and A. von Grosse, “ Chemie der 
metall-organiscben Vcrbmdungen,” Berlin, 1937. 

Chromium Phosphate, prepared by mixing 
cold solutions of chrome alum and of disodium 
hydrogen phosphate is an amorphous violet 
precipitate which left in contact with the solu- 
tion becomes crystalline and has the com 
position CrP0 4 ,6H.0. On boiling with water 
it is converted into the green cryst al li n e hydrate 
CrP0,,4H,0. A green amorphous hydrate 
of this composition is obtained by precipitating 
a hot chrome alum solution with excess of 
Na,HP0 4 . A dihydrate may be prepared by 
heating the hexahydrate in air, bet at low 
redness an anhydrous black salt and at a higher 
temperature a green bade salt is obtained 
(Joseph and Rae, J C.S. 1917, 111, j, 196) 
Green pigments, known as cert Arnaudon and 
rert Fltssy, have been prepared by reducing a 
solution of potassium dichromate and adding a 
solution of an acid phosphate (cj. Carnot, 
Compt rend 18S2, 94, 1313 , Chrome Greens, 
this vol , p. 107cf) 

Chrom'jm Sulphate, Cr,(SO.),, a crystal- 
line red powder obtained by heating the 
hydrated salt above 325° in rocno (Krauss, 
Querengisser, and Weyer, infra) It is insoluble 
\in water {Fnednch and Blickle, Metallurgy, 
|1910, 7, 323). as is the acid salt, Cr 4 H,(S0 4 ). 
, (Caley and Burford, Ind. Eng. Chem. (Anal ), 
1936, 8, 63). Senes of violet and of green 
crystalline hydrates are known and also of 
green amorphous hydrates. Krauss, Queren- 
giascr, and Weyer (Z. anorg Chem. 1929, 
179, 413) quote from the literature violet 
hydrated sulphates crystallising with 18, 17, 
16, 15, 14, 12, 6, 5, 4 mols. of water, and 
green hydrated sulphates crystallising with 11, 
8,7,6, 5mols. Their paper describes the prepara- 
tion of violet hydrates with 18,0, and 3 H ,0, also 
of the green crystalline hydrate with 12H,0, 
and the green amorphous hydrate with 15H,0. 
The solution of this last salt is precipitated by 
BaCI, on boiling, but not in the cold. Cold 
solutions of the violet hydrates are completely 

E recipitated by BaCl t . The ordinary violet 
ydrate with 18H t O is obtained by crystallising, 
or by adding alcohol to a solution of chromic 
hydrate in the calculated quantity of anlphnnc 
acid. Its cryst.il water has also been reported 
as 17 mols H,0 (inter alia Werner and Gubeer, 
Bcr. 1901, 34, 1592; Montcmartmi and Ver- 
niura, L'lnd. Chimiea, 1933, 8, 445). The 
violet solution begins to turn green at 65° and 
the change is complete on boiling. Alcohol 
now precipitates a green basic salt (Venable and 
Miller J. Aracr. Chem. Soc. 1898, 20, 484). 
The green solution becomes violet on standing. 
According to Montemartini and Vernazza 


(L'lnd. Chimiea, 1932, 7, 1001), a solution of 
chromic sulphate at 32 5° contains 34 5% of 
the violet form, between the concentrations 
3 5 and 7%, and equilibrium is established within 
2S days from either side Although hydrolysis 
no doubt occurs in the violet solution (Denham, 
Z. anorg. Chem. 1908, 57, 361), the change of 
colour on boiling is probably due to the forma- 
tion of green complex ions. These have been 
variously formulated to indicate the masked 
— SOj groups and the combined water. Z aides 
(J. Gen. Chem. Russ. 1936, 6, 1325; AJ, 
1937) writes 


(CriOHjl.ySO^+H,© -*■ 
(Cr(H 1 0)|tS0 4 )j]+H*+[Cr(Hj0) s 0H]'‘ + j 0 


Basic complexes in chromic sulphate solutions 
are considered to be effective in chrome 
tanning (J. A. Wilson, J. Amer. Leather 
Chem Assoc 1936, 31, 165; ef. Stiasny et a! , 
Collegium, 1928, 49. 72). The green crystalline 
sulphate, Cr,(S0 4 ), 12H,0, is prepared by 
passing SO, into a concentrated CrO, solution 
at 0°-5° and crystallising in vacuo (Krauss el al , 
lx ). In a senes of papers in the Comptes 
rendus from 1905 to 1907, Colson desenbed the 
preparation of green hydrated sulphates with 
respectively 3, 2, and 1 masked S0 4 groups, 
the two latter salts being successive stages in 
the hydrolysis of the first, [Cr,(S0 4 ),I 
Recoura(Ann Chim 1895, [vuj, 4, 611) prepared 
the mono-, di , and tnchromosulphuric acids 
by heating a green crystalline hydrate. 
Cr,(S0 4 ),,8H,0, with 1, 2, Or 3 mols. of 
sulphunc acid to H0°-120°. The acids are re- 
spectively di , tetra-, and hexabasic, correspond- 
ing to the proposed formulas [Cr,(S0 4 ) 4 ]H., 
(Cr f (S0 4 ) s )H 4 , and [Cr,(S0 4 ) € ]H 4 . They 
dissolve to deep green solutions in water which 
if freshly prepared do not give the reactions of 
Cr or S0 4 ions. According to KBntzel et al, 
chromium sulphate complexes are oontained in 
a boiled and cooled chromic sulphate solution. 
Masking of chromic salts occurs on adding a 
neutral salt containing an anion common to 
both (Collegium, 1935, 484). Montemartini 
and Vernazza (I c. 8, 445) prepared a saturated 
solution of chromic sulphate, Cr,(S0 4 ),,17H,0, 
at 18° containing 84 8% of this Salt, and stats 
that the equilibrium violet^green was not 
affected by addition of alkali sulphate, the 
percentage of violet salt in this solution was 
51 68 

Chrome Alums. — The double sulphates of 
chromium and potassium or ammonium, 
M,S0 4 ,Cr,(S0 4 ),.24H,0, are important 
chemicals ; they crystallise in large violet 
octahedra and are very soluble in water. The 
corresponding sodium salt does not crystallise 
so readily-. The ammonium salt is made by 
mixing molecular proportions of the constituent 
sulphates, potassium chrome alum is a common 
by-product from oxidations with potassium 
dichromate, although on the large scale, tf 
anthracene -*• anthraquinone, the chromic acid 
solution is regenerated by electrolytic oxidation 
of the chromic sulphate solution. Potassium 
chrome alum melts at 89°, turning green 
(TDden, J.C.S. 1884, 45, 409) ; in solution the 
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change occurs at about 78’. Montemartini and 
Vemazzi (be. 8, 445) state that the saturated 
solution at 18° contains 28-2% of 

K 2 S0 4 -Cr(S0 4 ) 3 -24H 2 0, 

of which 51-75% exists ns a violet salt ; the 
saturated solution of the sodium chrome 
alum contains 94-8% of the salt with 24H 2 0, 
of which 51-7% exists ns a violet 6alt. Chrome 
alum is used in paper-making, photography, 
dyeing, printing, and tanning. Immersion in a 
bath of chrome alum hardens gelatin films and 
renders them insoluble, an effect attributed to 
the fixation of chromic hydrate. 

I’uro crystallisablo violet chrome alum may be 
prepared by the electrolysis of a solution of 
potassium dicliromatc mixed w ith sulphuric acid. 
The liquor is circulated in the cathode compart- 
ment which is separated from the anode by a 
porous vessel. The cathode is preforably of 
carbon. Dilute sulphuric acid is circulated in 
tho nnodo compartment and tho anode may be 
copper with copper turnings to utilise the S0 4 
ions (Chaumat, F.P. 459G77, G.P. 265170). 

Chrome alum is manufactured from forro- 
chromium by Chemischo Fabrik in Billwarder, 
vorm. Hell and Sthamcr A.G., and Hasenclever, 
by dissolving the alloy in sulphuric or hydro- 
chloric acid and adding to the solution sufficient 
alkali to precipitato only tho chromium present ; 
tho precipitate is converted into chromic sul- 
phntc and chrome alum m the usual way (B.P. 
187232). In a similar process tho same 
patentees separate about half tho iron by 
crystallisation ns ferrous sulphate and centri- 
fuging. Tho liquor, from 1,000 kg. of forro- 
chromium nnd 3,000 kg. of sulphurio acid, is 
next treated with potassium sulphate, 10 kg. of 
potassium dichromntc, nnd 3 kg. of sulphuric 
acid, while sulphur dioxido is passed into 
tho liquor, chromo alum then crystallises (B.P. 
187231). Tho crystallisation of chrome alum 
is accelerated if the potassium sulphate is added 
to a solution of chromic sulphato previously 
acidified with sulphuric acid and heated to 
30°— 15°, nnd tho solution then cooled rapidlj- 
while stirring (I.G. Fnrbonind. A.G., B.P. 
2C0S85). For use ns a mordant, a solution of 
chromo alum is readily prepared by adding 
sugar or glucoso to a hot solution of potassium 
dichromnto nnd sulphurio acid. Another pro- 
cess depends on tho insolubility of a basic 
chromic sulphate. Aqueous chromic sulphate 
containing ferrous sulphato produced by dis- 
solving ferrochrotnium in sulphurio acid is 
treated w bile hot with hydrated lime to neutralise 
the free acid nnd filtered from CaS0 4 . The 
filtrate diluted to 4-5 times its volume with hot 
water deposits basic chromic sulphate which can 
be economically converted into Cr.(S0 4 ) 3 
nnd chrome alum (W. Hcne, B.P. 418714). 

A violet chromo alum solution requires the 
normal nniount of NaOH for complcto pre- 
cipitation, but after boiling, only f; of the 
theoretical amount. Non-ioniscd S0 4 in the 
complex varies from half the total S0 4 in a 
boiled 1% solution to two-thirds the total in a 
boiled solution of 150 p./l. This latter solution 

contains the complex [Cr 4 (OH). (S0 4 ) 4 -12H.0] 
(Atkin nnd Chollet, J. Soc. Leather 


Trades’ Chem. 1934, 18, 356; Ch. Abs. 1934, 
6078). Chromo tanning, as affected by the 
formation of complexes and by tho solubility 
of basic chromic sulphates, is discussed, by the 
same authors (Cuir tech. 1934, 23, 142; cf. 
Kuntzel, Kinzer, and Stiasny, Collegium, 1934, 
213). The °f solutions of basic chromic 
sulphate and the absorption of Cr 2 0 3 therefrom 
during tanning has been studied by Britton 
(“ Hydrogen Ions,” 1929). Basic chromo alum 
solutions are used in the one-bath process of 
chrome tanning. Following earlier authors, 
Lumiere and Seyewitz (Bull. Soc. chim. 1903, 
[in], 29, 1077) found that Recoura’s green basic 
sulphate, 2Cr 2 0,,5S0 3 , hardens gelatine more 
efficiently than chrome alum. 

Chromium Chlorate, Cr 2 (CI0 3 ) 6 . — Solu- 
tions of this powerful oxidising agent have 
been prepared in calico printing works by mixing 
solutions of chrome alum and potassium or 
barium chlorate. It has been suggested for the 
production of ungreennble aniline blacks, but is 
considered to bo liable to tender the fibre. The 
solution has a strong smell of chlorine and 
gives off oxides of chlorine when heated. It has 
been proposed ns a mordant for catechu 
browns (cf. Knecht nnd Fothergill, “ Textile 
Printing,” lstcd. 1912, 201 ; 2nd. ed. 1924, 211, 
C. Griffin & Co., London). 

Chromium Dioxide, Cr0 2 , and intermediate 
oxides, zCr 2 0 3 yCr0 3 . Manchot and Kraus 
(Ber. 1906, 39, 3512) heated blue chromic 
hydrate, precipitated from chromic chlorido 
solution by ammonia, to 330“ in a current 
of oxygen, and obtained a black hygroscopio 
powder which on heating to a higher temperature 
glowed nnd evolved a volumo of oxygen corre- 
sponding to 4Cr0 2 =2Cr 2 0 3 +0 2 . L. Blanc 
(Ann. Chim. 1926," [X], 6, 182) precipitated 
brown 2Cr.O 3 ,CrO 3 =Cr 6 O 0 by adding a 
solution of a chromic salt to a solution of 
potassium chromate, but not if tho order of mix- 
ing is reversed. A table of these intermediate 
oxides has been compiled by Blanc (l.c., 199). 

Chromium Chromate, Cr0 3 ,Cr 2 0 3 ,7H 2 0. 
— Jovitscbitsch (Helv. Chim. Acta, 1920, 3, 40) 
states that when n solution of chromic oxide in 
HNOj is cvnporatcd until excess of acid is 
removed nnd the residue dissolved in water and 
treated with ammonia a brown substnneo is 
precipitated which is black when air-dry. 
Analyses give the formula Cr 2 (0H) g ,H 2 0 or 
Cr0 3 ,Cr„0 3 ,7H 2 0. It loses 1H.O over 
H 2 S0 4 , 2H 2 0 at 105°, nnd 4H.O'at 205°. 
By dissolving Cr 2 0 3 in HN0 3 and evaporating 
and heating to 290°, a black product is obtained 
believed to be CrO s -Cr.0 3 (cf. Jovitscbitsch, 
Monatsh. 1912, 33, 9;‘l913, 34, 225). For 
other preparations, see under chromic oxide, 
and the decomposition of Cr0 3 by heating. 

Chromic An hydride. Chromic Acid, Cr0 3 . 
— This oxide is usually prepared by mixing ex- 
cess of concentrated sulphurio acid with a 
saturated solution of potassium or sodium di- 
chromate or by digesting barium chromate with 
dilute sulphuric acid nnd evaporating the 
filtrate. The crystals which separate contain 
sulphuric acid if made by the first procc-s and 
either barium dichromate or sulphuric acid if 
made by tho second, and must be purified by 
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cry stallisation after addition of tie required 
quantities of either barium chromate or sulphuric 
acid. Commercial “ pure " chromic acid has 
been known to contain sulphate (Adcock, J. 
Iron and Steel Inst. 1927, 115, 369). In one 
early method Wanngton (Phil. Mag. 1842, 20, 
453) mixed 10 volumes of cold saturated potas- 
sium dichromate solution with 12-15 volumes of 
cone, sulphuric acid, and collected the separated 
crystals on a filter of broken glass transferred 
them to porous plates and recrystalhsed the 
crude product from a little water. Bunsen 
(Annalen, 1869, 148, 290) mixed 5 parts of 
sulphuric acid with 11 parts of a solution 
containing 1 part K,Cr,0 ; , after 24 hours 
the CrO, crystals which separated were 
Cherts! oil by suction, washed with mtnc and, 
and heated in a current of dry air at 60°-80°. 
Zetbow (Pogg Ann. 1871, 143, 4G8) states that 
the mtnc and should bo not less than 1*46 
spgr. An anonymous author (J Chem Eng. 
China, 193G, 3, 39) treats K,Cr 2 0 7 with 68% 
mtnc acid and separates the CrO, from KNO, 
by fractional crystallisation. The yield is 90% 
of CrO, of 9S% purity, suitable for chromium 
plating baths (</. Lee and Kung, B, 1937, 901) 
Metals Protection Corporation (B P. 307061) 
wash the crude CrO, with sulphuric acid to 
remove 'NaHSO v or remove the greater part 
of adhering mother liquor by heating, and pre 
update residual sulphuric acid by adding 
Ba(OH),, BaCO,, or BaCrO, Bolley 
(Annalen, 1845, 50, 113) had already pointed 
out that CrO, is least soluble m sulphuric acid 
ot the composition H t S0«-fH,O Several 
methods start from calcium chromate. Kirk- 
hgof, Kortina.and Artrov a boil calcium chromate 
until it is converted into the difficultly soluble 
^CaCrO^HjO, which is filtered off, wRshed, 
nd decomposed with sulphuric acid, the filtrate 
( mi the CaSO ( is treated with sulphuric acid 
nd CrO, crystallised and centrifuged (Khim 
ri arm Prom. 1934. 1, 38, r/. Kakorskj, J Phys 
(him. ltuss 1928, 60. 13) Vetter, ossr. to 
.Natural Products Refining Co (U.S P. 2034256), 
d« scribes the conditions for preparing CrO, 
of high purity by the action of H,S0 4 on 
Na.Cr,0. Polyanskii treats a solution of 
tnluuni chromite (2 pt ) with H,SO| (1 pt 
<1 1 81) in mmtasive portions, heating on the 
water bath and removing CaSO ( between 
euli addition, until no more is precipitated; 
finally CrO, is crystallised and purified by 
Runun'a method {v. supra, Trans. Inst. Pure 
(him Itcigints, Sci Tech. Dept U.S S R 
1929. No 300. 143) Tanabashi (Japan P j 
99139. 1933) treata sodium dichromate with 4-5 1 
tunts its equivalent of sulphuric acid of 55°-58° 
lb. sodium hydrogen sulphate dissolves while 
CrO, is precipitated in fine crystals, which are; 
«• rv staUisrd from dilute sulphuric acid and 
washed with a saturated solution of CrO, to 
ruiime sulphuric acid. J, IV. Boss (U.S P. 

20 i* 90 9) electrolyses a sodium 
chromite solution, J 1 4 This forms a lower 
lavtr m a ci II of which the Upper half is divided 
by an Itnpirincable partition into an anode 
and catho.li lotmurtnimt containing respet- 
• ivety us it) jar lavirs chromic acid solution and 
caiHtu. Milt solution, cadi of d 1 2 The 


sodium chromate solution is continuously 
fed into the lower part of the cell, while NaOH 
and CrO, solutions overflow separately from 
the upper compartments. Angelin! and Pane 
bianco (F.P. 770734) heat chromite mixed with 
Bawdust or peat to 400°, chlorine is then passed 
over the porous material. It was already 
known (Moissan, Compt. rend. 1880, 90, 1357) 
that chromyl chloride, CrO,CI„ is formed in a 
similar reaction. With water this gives CrO, 
and hydrochlono acid. Udy (assr. to Electro 
Metallurg Co, U.S P. 1878918) claims an 
electrolytic process in which an anode of ferro- 
chrome dissolves in sulphuric acid, d 1 38-1*52, 
contained m the anode compartment. CrO, 
is crystallised from the acid. 

Chromic anhydride (often termed chromic 
acid) is a strongly acid substance crystallising in 
scarlet rhombic bipyramids. Its formula is 
CrO,; the acid of the formula H,Cr0 4 has 
not been isolated. A thermal study of the 
system CrO, — H,0 did not reveal the presence 
of any compound (Buchner and Prius, Z, 
physikal Chem 1913, 81, 113). The crystals 
have a specific gravity variously stated, with 
2 737/14° and 2 819/20° as limits. The highest 
value recorded for the melting point is 198°, 
(Jaeger and Germs, Z anorg Chem. 1921, 119, 
145) When heated to 125° under 1G mm 
pressure it sublimes in red needles (Arctowski, 
i6ii 1895, 9, 29). At a temperature above but 
near its melting point it decomposes into 
chromic oxide and oxygen Above 250“ 
it is said to yield a residue of the oxide Cr^O,, 
(Cr t O, 3CrO,) which may he purified by 
boiling with water According to Simon and 
Schmidt (Z anorg Chem. 1924, 152, 191) this 
oxide « formed between 370° and 450°. Its 
existence is supported by the experiments of 
Honda and Sone (Sci Rep. Tfihokw, 1914, 3, 
223). A saturated solution of chromic acid ot 
15° contains 62 4 g. CrO, in 100 g. solution 
The nature of the ions m dilute solutions of 
chromic acid has been the subject of many 
investigations, but the results are m conflict 
Britton (JCS. 1924, 125, 1572) from electro- 
metric titration concluded that in dilute solution 
the ions are H+ and HCr0 4 ~. Spit&lsky ’* 
results are in agreement (Z anorg. Chem. 1907, 
54, 263) The dissociation to the second stage 
HCr0 4 - H++Cr0 4 — is extremely small 
Other authors, including Ostwald, have argued 
that the aqueous solution contains Cr 2 0, 

Chromic anhydride is a powerful oxidising 
agent. Warm, anhydrous alcohol inflames when 
dropped upon it, and even dry ammonia gas is 
oxidised with production of w ater and nitrogen. 
Addition of oxalic acid is said to increase its 
oxidising power. The solution in water, sul- 
phuric acid or acetic acid is largely used as an 
oxidising agent in organic work. In most of 
thc«e oxidations precautions must be taken to 
moderate the velocity of the reaction. When 
acetic acid is u«ed as the eolv ent, the substance 
to be oxidised is usually dissolved in the same 
solv ent, and the oxidising solution slowly added, 
the temperature being kept sufficiently low, 1 1 . 
eildom above 100°. Chromic and, as on oxidis- 
ing agent, has the advantage that the end of 
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the reaction is frequently indicated by a pure 
green colour. 

It has the property of producing a permanent 
yellow colour on silk or wool, but not on 
cotton. Tho chromium in such material may 
be converted into lead chromate upon the fibre 
or further dyed by logwood, etc. Chromic 
anhydrido usually contains sulphuric acid and 
sulphates or nitrates. 

Chromates. — All chromates arc prepared 
directly or indirectly by tho action of oxidising 
agents on ferrochromo or on chromite, 
Fc0,Cr 2 0 3 (<pe.). Both the normal and acid 
chromates aro of importance industrially. Tho 
normal chromates of sodium and potassium, 
M 2 Cr0 4 , are readily converted into the di- 
chromates, M 2 Cr 2 0 7 , by tho addition of 
sulphuric acid to their solutions, which then 
change from yellow to orango. A basic chromate, 
orango chrome, Pb0-Pbfcr0 4 , is also manu- 
factured in connection with chrome yellow, 
PbCr0 4 . 

A great number of processes havo been 
proposed for tho conversion of Cr 2 0 3 in 
chromite into CrO a ; tho oxidising agont is now 
ntmospherio oxygen acting on an nlknlino fusion 
of tho ore. 

In former times tho ore was mixed with about 
two-fifths of its weight of potassium nitrate 
and ignited on the bed of a reverberatory fur- 
nace, the oxygen required for tho oxidation of 
sesquioxide into the anhydride and the potassium 
for its conversion into potassium chromato 
being both provided by the nitrate. A great 
Raving was introduced by the substitution of 
atmospheric oxygen as the oxidising agent in 
place of the nitre, the potassium being supplied 
by potassium carbonate or, ns proposed by Watt, 
by potassium Rulphatc (c/. Gibbs, assr. to 
National Elcctrolytio Co., U.S.P. 90143G, 
1008). 

In tho modem process a mixturo of chromite, 
soda ash, and lime is heated in n controlled 
supply of air to a high temperature in a rever- 
beratory or in a rotating furnace. 

Sofianopoulos (J.S.C.I. 1930, 49, 279T) 

recommends a furnace charge of a finely 
powdered (GO mesh) mixture of 340 lb. of chrom- 
ite (f)3'G% Cr t 0 3 ), 270 lb. soda ash (92%), 
300 lb. limo (85% alkalinity), and a reaction 
temperature of 1,400°F. Under these conditions 
tho recovery of soluble sodium chromates was 
9 !•.'»% of theory, and the method of working 
described in the original avoids ns much ns 
possible tho loss duo to production of calcium 
chromate, which in practice was found to be 
very slowly’ soluble in boiling water. 

In another method of working these difliculties 
are overcome ; fusion of the charge is avoided 
and the calcium ehramatc produced is boiled with 
sodium carbonate in vats fitted with stirrers. 
Tho fdtrate is concentrated in vncuo, and a slight 
excess of sulphuric acid added, when the greater 
part of the sodium sulphate separates, the 
remainder is removed during further concentra- 
tion, and finally sodium Bichromate crystallises 
out. 

The sodium rarlionntc may be partly re- 
covered if the sodium chromate is con\ erted into 
dichromate by passing into the solution carbon 
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dioxide under pressure so long as sodium bi- 
carbonate is precipitated. This salt then returns 
to the process and the conversion of chromate 
into dichromate is completed by tho addition 
of the required amount of sulphuric acid. The 
less soluble potassium salt is obtained by 
adding potnssium chloride to the solution of 
Na 2 Cr s O,. Fusion of chromite with caustic 
soda has been suggested (G.P. 151135, 1G3814, 
and 171089). A direct production of sodium 
dichromato has been claimed by Bozel-Malctrn 
Soc. industr. do prod. chim. (G.P. G25568), in 
which tho chromite ore is heated in a rotary' 
fumaco with soda-ash in a current of air. In a 
wet process owned by tho same Company (J. E. 
Demant assr.) tho chromite is treated with 
oxygen gas in an aqueous medium under pressure 
at temperatures abovo 100° in presenco of 
Na 2 S0 4 or other salt yielding active cations 
(U.S.P. 2012051), or fcrrochromium, and 

NaOH, KOH, or K 3 P0 4 aro the starting 
materials (U.S.P. 2012002, B.P. 416624). Tho 
anodic oxidation of chromic salts to chromates 
has been studied by Gross and Hickling (J.C.S. 
1937, 325), who explain the results by assuming 
a primary formation of H 2 0 2 at the anode. 
Spent chromic acid baths from oxidation 
processes aro regenerated by eloctroly’tic oxida- 
tion in the anode compartment of a divided 
cell by a method invented by the I.G. Farbenind. 
A.-G. Tho samo patentees manufacture potns- 
sium dichromato by heating a mixturo of 
chromic oxide and potnssium hydroxide to 300°- 
380° in a revolving pan in presence of nir or 
oxygen (B.P. 416744). According to nnothcr 
patent of tho samo origin, sodium dichromato 
is manufactured from aqueous sodium chromato 
containing 475 g./l. of Cr0 3 by treatment at 
G0°-80° with C0 2 under pressure, and cooling 
without releasing tho pressure. Tho conversion 
of mono- into dichromato is thus 90%, while 
NaHC0 3 separates and is removed. Tho 
filtrate is concentrated to 800-820 g./l. of Cr0 3 
and again treated with C0 2 to complete tho 
conversion into Na,Cr„0. (I.G. Farbenind. 
A.-G., R.P. 424821). 

Tho dry' method of chromato production has 
been investigated with tho following results : 

Calcium and chromic oxides begin to interact 
in tho presence of air to form calcium chromate 
at G50° ; at 700° a 95% yield of chromato is 
obtained with mixtures containing 2 equi- 
valents of CaO to 1 of chromic oxide and a 60% 
yield when tho ratio is 1:1. Pure calcium 
chromato docs not begin to decompose until 
1,000° is reached. Sodium carbonate and 
chromic oxide readily react to form chromate at 
a tcinpcrnturc below GG0° ; the salt melts at 
800° and remnins undccomposcd after prolonged 
heating at 1 ,000'’ (M. R. N’ayar, H. E. Watson, 
and J. ,7. Sudborough, J. Indian Inst. Sci. 
1924, 7, 53). _ 

Ai.loys. — \ arions alloys of chromium have 
been prepared, chiefly by reduction in tho 
electric furnace, by the “ thermit” method, or 
by the usual mixturo of molten metals. 

Molten zinc dissolves but little chromium ; 
a bard and brittle alloy has been obtained in the 
form of hexagonal Inmcllrc. Aluminium and 
chromium mixtures, containing between 5 and 
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55% chromium, separate into two liquid layers, 
and probably contain a compound, Cr s AI. The 
alloys with a low percentage of chromium are 
brittle, one containing 13% chromium can be 
pondered in a mortar. 

Alloys with antimony are brittle, and com- 

E ounds represented by SbCr and SbjCr are 
nown. Chromium alloys with copper with 
difficnlty, but an alloy can be obtained by 
stirring in copper oxide into a molten alloy of 
aluminium and chromium (Moissan). The liquid 
metals are miscible only to a small extent. 

Silver and chromium, although partially 
miscible in the liquid state, form no solid 
solution Molten cadmium docs not dissolve 
any chromium. Molten mixtures of lead 
and chromium, containing more than 27% 
lead, separate into this mixture and pure 
lead. 

Platinum-chromium. — V A. Nemilov (Z. 
anorg. Chem 1934, 218, 33) finds that tbeBnnell 
hardness-composition curve of Cr-Pt alloys 
shows well-marked minima corresponding with 
comoountfs Cr,Pf and CrPf Examination 
of the micro structure confirms the existence 
of the latter Alloys quenched from a high 
temperature show only mixed crystals, from 
which CrPt separates on annealing In 
annealed specimens there is a continuous senes 
of mixed crystals between 0 and 25 atomic %, 
and another between 65 and 100 atomic % Pt. 
The electneal resistance nsca very steeply with 
increasing Cr content up to 13 atomic % Cr, 
beyond which the alloys are no longer ductile 
Alloys containing 4-6% Cr have about five 
times the resistance of Pt, and a higher melting 
point H ( SOj, HCI, and HNO,, dilute or 
cone , show no action either at room tempera- 
ture or at their boihng points, on polished 
surfaces of alloys with a Cr content not greater 
than 14 atomic %. 

Chromium-nickel.— G Voss (Z. anorg 
Chem 1908, 57, 34) finds that the system 
CrNi is homogeneous in the liquid phase with a 
senes of mixed crystals in the solid state, the 
curve showing a deep minimum at 1,290° and 
40—12% nickel. 

In the system chromium nickel, Matsunaga 
{A, 1930, 680) states the components are 
miscible in all proportions in the liquid phase, 
in the solid phase the eutectic m p 1,340° con- 
tains 49% N i. The best workable acid resisting 
alloy contains 15-35% Cr. 

X-ray investigation of the nickel chromium 
system by E. It. Jetle, V II. Nordstrom, B. 
Queneau, and F. Foote (Aracr Inst. Min. Met. 
Eng, Inst. Met. Div., Tech Pub, 1934, No. 
622) shows that below 1,150° there are two 
terminal solid solutions with an intervening 
two phase area. On the Cr side the solubility 
of N1 in Cr is low, but increases rapidly at 
oxer 000°. The solubility of Cr in Nl increases 
uniformly and rapidly with nse in temperature, I 
that at 1,153° being nearly 53 wt.% Cr, 1 
which is beyond the eutectic point as deter- 
mined by thermal analysis. The only structures 
observed were body-centred Cr, lace centred 
Ni, and occasionally rhorabohcdral Cr,0, (c/. 
Nishigori and Humasumi Sti. Itep. Tfinoku 
Univ. 1929, 18, 491). 


Nick el- chromium allors with less than 90% 
nickel are non-magnetic. 

Cobalt-chromium. — Cobalt and chromium 
are miscible in all proportions, both in the liquid 
and the solid states, and yield a mixture of 
minimum melting point 1,320° with 47% Cr. 
Homogeneous alloys, with 30% Cr, when cooled 
separate into two sets of crystals, Lewkonj'a, Z 
anorg Chem 1908, 59, 325.) 

\Ve> er and Hascbimoto (Chem. Zentr. 1939, 
I, 3482), in reconstructing the equilibrium 
diagram for the system cobalt-chromium, state 
that on account of the small velocity of diffusion 
of the components complete equilibrium is 
attained only with difficulty. Chromium has 
nip 1,7G5°±10°. Cobalt and chromium are 
miscible in the fused state in all proportions 
The eutectic is at 1,408° and 42% Cr. Up to 
38% Cr the mixed crystals are face-centred 
cubic, whilst above 48% Cr they are body- 
centred. The compounds Co 1 Cr, and CoCr 
(tetragonal, with 8 mols in the unit cell) probably 
exist. The temperature of polymorphic a~f} 
transformation is maxima/ for 7 5% Cr, falling 
with a higher chromium content. The tempera- 
ture of magnetic transformation fatls almost 
proportionally to the chromium content. The 
resistance to corrosion by acid is considerable, 
being greatest for nitric and least for hydro- 
chlonc acid (for the industrially important 
CrCo alloys, see this vol , p. 2176, Stellite 
Alloys). 

Copper-chromium. — In the system of 
copper chromium there is only partial miscibility 
in the, liquid Btate with a eutectic neat the coppet 
end (1-5% Cr, 1,076°). thelimit within which no 
mixture of the two liquids is formed being 37- 
93% chromium, above 1 ,470°. In the solid state 
only heterogeneous mixtures of two crystal 
species are obtained, chromium and the eutectic 
nch in copper. In the ternary system Cr-Ni- 
Cu the heterogeneity of the Cu-Cr system w 
55% removed oy addition of Nl (Siedschlag, 
Z anorg Chem. 1923, 131, 173) 

Chromium-molybdenum (Siedschlag, ibid 
131,1 01 — Molybdenum dissoh es readily in chrom- 
ium until the mass contains 25% Mo. The curve 
showed a eutectic at l,460°-22 7% Mo. The 
liquid is homogeneous, but no mixed crystals 
are formed below 22 7% Mo, the solid con- 
sisting of chromium crystals and the eutectic 
mixture Above this proportion the solid con- 
sists of the eutectic and crystals of molybdenum 
containing 2 5% chromium. 

Carbon-chromium. — These alloys fall into 
two groups . (1) Those containing 8 6% carbon, 
completely soluble m hot 24% hydrochloric acid ; 
(2) those containing more than 8 6% carbon, 
partly soluble in the same acid, obtained by 
melting chromium (prepared by the aluminium- 
thermic process) in a crucible of pure carbon 
at temperature varying from 1,840° to 2,587 
for 13 minutes and stirring with a carbon rod 
The alloys of the first group leave a residue of 
practically pure Cr t Cj, which forms silvery 
crystals, d. 6 915, m p. 1,065°. No trace of 
Cr 4 C, described by Moissan, »>* found The 
alloys containing more than 8 5% carbon con- 
tain no free chromium, only carbide and 
graphite. The carbon content of tbo saturated 
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alloy at l.e^O 0 is 12-42% carbon; at 2,233° 
14-03%, and at 2,507° 23-12%. With 24% 
HCI an alloy dissolves, indicating Cr 4 C 2 . 
Tho insoluble residue contains graphite and 
Cr 3 Cj. This is resistant to all acids and is 
darker than Cr 5 C 2 , d, 6-083, m.p. I,890il0°. 
It is decomposed by chlorine at a red heat, 
forming tho trichloride and carbon. The 
chemical composition of the alloys rich in 
enrbon is unaffected by the rate of cooling, but 
larger crystals arc developed when the cooling is 
retarded. An nlloy saturated with carbon boils 
at 2,57078-14 mm. pressure, the vapour being 
pure chromium (Ruff and Foehr, Z. anorg. 
Chem. 1918, 104, 27-40). Maurer and Nienhaus 
(Stahl u. Risen, 1928, 48, 990), from collected 
analyses, show that the carbides of chromium 
are Cr 3 C 2 , Cr 4 C 2 , Cr 3 C 2 . 

Kraiczek and Snuerwnld (Z. anorg. Chem. 
1930, 185, 193) investigated the system 

chromium-carbon between 0-13-3% carbon by 
means of heating and cooling curves and 
examination of micro-structure and density and 
observed that in the interval between 8-32-9-9% 
carbon mixed crystals were formed and a trans- 
formation occurs at 1,405°. Tho evidence indi- 
cates the existence of Cr 5 C 2 and Cr 3 C 2 , but 
not Cr 4 C or Cr 4 C 2 . Wcstgrcn and 1'hrag- 
m£n (ibid. 187, 401)*statc that the chromium- 
chromium carbide eutectic has 3-4% carbon, not 
4-5%. A eutectic carbide of the formula Cr,C 3 
is indicated in addition to Cr 4 C,Cr,C 2 . 

Schcnck, Kurzcn, and Wcssclkock (Z. anorg. 
Clicm. 1932, 203, 159), in studying the syn- 
thesis of carbides from the metals and CH 4 , 
find that CH 4 reacts with Cr at C00°-800°, 
forming Cr 5 C, nnd a C-rich mixed-crystal 
phnso containing 11-5% C in equilibrium 
with tho Cr.C. phase. Tho C content oftho 
mixed-crystal pliaso can be increased to 12-5% 
by further treatment with CH 4 ; this phase 
probably contnins Cr 3 C,. 

By means of the equilibrium diagram of the 
chromium-carbon system, Hatsuta (J. Study 
Met. 1931, 8, 81-88) finds four carbide phases, 
c, 17, £, nnd s-, corresponding respectively with 
Cr 4 C (cubic), Cr,C 3 (trigonal), Cr 3 C 2 (ortho- 
rhombic), nnd (?) CrC. A eutectic (a+e) 
lies at 1,485°, 3-7% C. The < and »; phases are 
peritectically formed thus : ij+mclt ->-<(1,530°), 
{+mclt->-ij (above 1,000°). The £ phnso pro- 
bably has tho maximum melting-point on the 
liquidus curve, nnd forms a eutectic with 
tho k phase ; a transformation takes place at 
1,505° in this phase. 

Iron-Chromium. — With iron the alloys of 
chromium arc of great interest. Tho system 
Cr-Fc on solidification exhibits an unbroken 
series of mixed crystals. aFe-Cr and SFe-Cr 
show complete miscibility, while yFe (stable 
between 90G°-1,4(>0°) forms mixed crystals 
with Cr up to 14% (Bain, Trans. Amcr. Soc. 
Steel Treat. 1920, 9, 9 ; Obcrhoffcr nnd Iisscr, 
Stahl u. Risen, 1927, 47, 2021 ; Maurer and 
Nienhaus, ibid. 1928, 48, 990 ; Wcvcr, ibid. 
1929. 49, 839 ; Chem. Zcntr. 1931, ii, 2924 ; 
Bain nnd Griffiths, Trans. Amer. Inst. Min. Met. 
l-.ng. 1927,75, 1001. The presence of chromium 
in iron or steel produces a much finer texture, 
greater hardness, tenacity, nnd elasticity, and 
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greater smoothness of fracture. Chromium 
lowers the Ar 3 point, eventually causing its dis- 
appearance, whilst it raises tho Ar 2 point of the 
steel, the proportion of chromium required being 
less the higher the carbon, c.g. with 0-2% carbon, 
5% chromium is required. Hence chromium 
steels are self-hardening (t'.c. air-hardening). 
Steels containing 15% chromium have been 
used for tools nnd have to be east to shape. 
With 0-5% chromium and 0-5% carbon tho 
steel is used for artesian well bits nnd jars and 
has no equal in tho hardened state. With 1% 
chromium and high enrbon the steel is used in 
bearing balls, cones, roller bearings, and crushing 
machinery. These low chromium steels, when 
well annealed, can be machined. The principal 
use of chromium is as a constituent of other 
nlloy steels especially nickel steels, to which it 
imparts greater toughness and hardness. As 
such it is used extensively in automobile parts 
nnd in armour plates which are case-hnrdcned 
nnd quenched. Chrome steel is also used in the 
manufacture of special kinds of files. Tho alloy 
is usually prepared of tho requisite composition 
by the addition of a definite amount of “ ferro- 
chromc,” containing from 40 to 85% chromium, 
to the molten steel. 

Stainless steel cutlery containing Cr 11-14% 
and C 0-3-0-4% was introduced in 1913. For 
chemical plant stainless steel may contain 
Cr 8-18% with Ni 8% or Mn 4%. These 
nlloj-s resist nitric acid, acetic acid, caustic soda, 
nnd ammonia. Tho steel with 14% Cr and 
0-15% C will resist hot but not boiling nitric 
acid. Wires of a chrome steel containing a 
high percentage of nickel can he fused into glass 
liko platinum. Laboratory electric furnaces 
are usually wired with Ni. chrome resistance 
wire (A. B. Kinzcl nnd W. Crafts, “ The Alloys 
of Iron nnd Chromium,” I, 1937 ; “ Low 

Chromium Alloys,” II (now published), “ High 
Chromium Alloys," McGraw-Hill Book Co. Inc., 
New York nnd London, 1937 ; R. H. Greaves, 
“ Chromium Steels,” H.M. Stationery Office, 
London, 1935). For nlloys of chromium, see 
Priestley, Ind. Eng. Chem. 1936, 28, 1381; 
for chromium steel in pressure vessel construc- 
tion, sec Hopkins, ibid. 28, 1386. 

Ferrochrome was formerly prepared from 
rich chrome iron ores in blast fumnees by the 
use of coke and hot high-pressure blast, or in 
crucibles. In 1890 tho manufacture was com- 
menced in tho electric furnace and has gradually 
superseded tho other methods. In tho produc- 
tion of chromium from chromite to form ferro- 
chromc, the iron oxide being reduced, reduction 
of chromic oxide begins about 1,185°C. Thirty 
parts of pure enrbon are theoretically necessary 
for every 100 parts of iron and chromi’jm 
reduced. On the bnsis of the double carbide 
Fe 3 C,Cr 3 C» being formed by reduction of the 
chromite the following reaction occurs : 

9FeCr.O 4 -}-50C 

= [2(Fe 3 C,3Cr 3 C 2 M 3Fe]-| 36CO 

The ferrochrome resulting would contain 
theoretically 10-4% carbon, 31-4% iron, and 
5S-2% chromium. The ore has to be finely 
ground nnd is then mixed with anthracite 
coal in tho proportion of 37 parts of enrbon to 
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100 parts of ore, which forms the above alloy, 
and charged into the furnace. The power 
consumption in a 750 kilowatt furnace of the 
A1 by carbide type at Kopperaen, Norway, was 
3 0 hw. hours per lb., or 0-6S kw. year per short 
ton for 5% carbon and 65% chromium ferro- 
chrome The percentage of carbon in the ferro- 
chrome cannot bo kept low by regulating the coal 
charged into the furnace, but decarbunsation 
can be effected with an oxide slag of iron or 
chromium after tapping the slag from the first 
reduction (Trans Electrochem. Soe. 1913, 176). 

S. Eriksson (Jemkont. Ann. 1934, 118, 530; 
A, 1935, 1455) confirms the existence of an inter- 
mediate o'-ph&se in the Fe-Cr system (approxi- 
mate formula FeCr) (r/. Wevor, B. 1932, 469). 

The addition of chromium decreases the mag- 
netic properties, but all alloys, to 80% chromium, 
are magnetic. The magnetic property of 
chromium is not increased by cooling in solid 
hydrogen (Compt. rend. 1901, 150, 6S7). A 
carbide of chromium and tungsten of great 
hardness and of ep gr. 8 41 has been produced 
in the electnc furnace, and to it the special pro- 
perties of chrome tungsten steels are probably 
due These latter (as well as chrome molybdenum 
steels), containing up to 3% chromium and 16% 
tungsten, are used for the manufacture of 
machine tools Cobalt is frequently added to 
both classes of tool steel Steel containing 12% 
Cr may be produced by reducing Cr,Oj by 
ferro silicon above a bath of low-carbon steel 
(Applied Chem. Rept. 1936, 341) 

Basic Oxides.— Two chromium oxides, 
'hromous oxide, CrO, and cAromie ox tit or 
chromium sesquioxide, Cr,0., ore definite basic 
oxides, yielding salts with acids in which 
chromium is present as a divalent or tnralent 
kation, forming the chromous and the chromic 
salts Chromic oxide can also combine with 
bases to form salts, the chromites, of the type 
M CrO,, in w hich the chromium is present in the 
monovalent anion, CrO,'. Chromic anhydride, 
CrO,, is an acid anhydride forming, with bases, 
salts of the type M t CrO«, the chromates, or 
MjCr^O,, the dichromates, in which the 
chromium exists as the divalent anion CrO," 
or Cr,0 7 ." Other oxides haie been prepared 
and are usually regarded as compounds of the 
basic and acid oxides, e q. Cr t O v CrO,= 
chromic chromate or chromium dioxide CrO, 
These oxides are described on p. 101. 

The salts of chromium are coloured shades of 
violet or green ; all solutions of violet chromium 
salts show similar absorption towards light; 
the spectrum is due, therefore, to the chromium 
ion In solutions of green complex salts the 
absorpt ion band and limit of complete absorption 
are tilth shifted towards the red end of the 
spectrum. 

Chromous Oxide, CrO, ia most con- 
veniently prepared by the action of dilute 
mtnc acid on chromium amalgam which dis- 
solves the mercury leaving chromous oxide as a 
black powder (Dieckmann and Hanfi Z. anorg 
Chem 1914,86.301). 

Chromic Oxide, Chromium Sesquloxlde, 
Cr,0, — This compound is produced by the 
oxidation of metallic chromium and by ignition 


of chromic hydroxide, chromic anhydride, and 
certain chromates. 

(1) Amorphous : (a) Prepared by heating 
potassium chromate or dichromate with a 
reducing agent, starch, glycerine, sugar, etc., 
and washing the residue with hot water. (5) By 
heating ammonium dichromate, according to a 
number of authors the product is green Cr,0, 
This reaction has been studied by Harbard and 
King (J.C.S. 1938, 955). In vacuo the product 
was a black powder containing Cr 61-2% (Cr,0, 
contains 63 42% Cr); on further heating an olirs- 
coloured substance was obtained (Cr 67 3± 
0 5%), this heated in hydrogen'at 800® for21 hours 
yielded bright green chromic oxide (Cr 68-4%) 
The thermal decomposition of (NH,),Cr,0. 
appears to yield a non-stoicheiometric compound 
( cj Ball, J.C.S. 1909, 95, 87, who by slow de- 
composition of (NH^jCrjO, obtained a black 
powder, 3CrO,-H t O; Hooton, Proc. Chem. Soc. 
1908, 24, 27, found H,Cr t O,; "Moles and 
Gonzalez (Anal. F£s. Quim. 1923, 21, 204) re- 
ported the product as CrO,. Fischbeck and 
Spingler (Z. anorg. Chem. 1938, 235, 185) 
confirm lfooton’a formula. For criticism of 
these results, see Harbard and King, l c.). (r) By 
beating mercurous chromate, preferably with 
out access of air. (d) Not in the pure state, 
by heating chromic hydroxide in air. (<) By 
heating chromic hydroxide in an inert gas, 
finally to a high temperature, the dark green 
oxide first produced, glows and turns black and 
becomes insoluble m acids (Moissan, Compt 
rend I8S0, 90, 1359). 

(2) Crystalline. — Preparation: (a) By fusion 
of the amorphous oxide in an electric furnace 
(Moissan, ibid. 1892, 115, 1035). { b ) By heating 
potassium dichroraato with sodium chloride 
(Ditte, ibid. 1902, 134, 336) , with tin 
(Prud’homme. Bull Soe. Mulhouse, 18S9, 59, 
599). It has been observed as a kind of 
sublimate in pottery furnaces. 

Wohler prepared this oxide in fine, small 
rhombohedral crystals by passing the vapour of 
chromyl dichlonde through a tube heated to 
redness. The crystals are isomorphous with corun- 
dum and of equal hardness; their spgr.is5 21. 

A fine shade of amorphous chromic oxide 
is produced by heating mercurous chromate, 
Hg,CVO <( m a covered crucible; mercury and 
oxygen escape, and the oxide remains as a green 
powder. For the preparation of this substance 
on the large scale, a great number of methods are 
recommended ; one early method is as follows : 
— boil a solution of potassium diehromate with 
half its weight of flowers of sulphur so long as 
the green hydroxide is precipitated. Tbe 
addition of a httle potash solution, by forming 
potassium sulphide, accelerates the decom- 
position. The precipitate 13 filtered and washed- 
The sulphur retained in tbe precipitate may be 
removed by heating (Lassalgne, Arm. Chim.Phy*. 
1861, [m], 14, 299) ; r/.Siegle* Co.. B.P. 401799 
and Adda. BP. 461800 ; Wohler (Fogg. Ann. 
1827, 10, 46) heats a mixture of potassium 
diehromate with its own weight of ammonium 
chloride and a small quantity of sodium 
carbonate, and punfies the residue by washing 

According to Barian (Rev. Scient. 1846, 29. 
425), a very pure colour, suitable for colouring 
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fine porcelain, is produced by igniting in a 
crucible n mixture of 4 parts of potassium 
chromate and 1 part of starch The inass is 
unshed free from potassium carbonate and re 
ignited 

Chromium green is manufactured together 
with all.almc earth and alkali formates by 
heating a suspension or a solution of an alkaline- 
earth or alkali chromate at 150°-'!30° with 
carbon monoxide underpressure (I G.I'arbenind 
A 0,111’. 305588). 

Chromic sesquioxidc is a green pigment of 
great pirmanenco It is not acted upon by 
chlorine or sulphur gases or by an intense heat 
It melts at 1,090’ (Kanolt, J. Washington Acad. 
f>ci. 1013, 3. 310), nt 2,140°±25° (Bunting, 
Bur. Stand J. Res 1030, 5, 325), and crystallises 
on cooling a chromium hydroxide (t p. 108). 

Cr 4 (O H) s O 2 ,1 0 H 2 0 

or CrJOHJjnO.IlHjO (JoMtclnteh, Hclv. 
Chim Acta, 1020, 3, 40), absorbs carbon dioxide 
from the atmosphere until a saturation limit is 
reached The compound appears to be 

CO 3 [2Cr 2 (OH) 0 ],8H 2 O, 

Cr 2 (0H) 6 -0. 

or >C0,9H 2 0 

Cr 2 (OH) t -0^ 

It can be dried at 100° without losing CO„, 
which is, however, liberated by acids (Compt 
rend. 1914, 158, 872). 

The oxide is largely used under the names 
chrome green (mixtures of chrome yellow and 
Prussian blue are also called chrome greens and 
must not be confused with the true chrome 
green) and vltramarinc green for imparting a 
green colour to glass, porcelain, etc. It is used 
tor producing tho chrome red glaze in ceramic 
ware, as a pigment in oil and water colours 
and in printing, and as a mordant in calico- 
printing and dicing Certain hydrated oxides 
are also used under xnnous names , their colours 
nre, generally speaking, brighter than that 
of the nnhy drous oxide, but they usually contain 
small quantities of other substances besides the 
oxide and water, (for hxdrated chromic oxide 
t. R Pnekc and G. 1\ Huttig, “ Hjdroxide and, 
Oxvhvdrnte,"Aeadcmische\ eilng Leipzig, 1937). 

Gulgnet’s Green; Pnnnetier’s Green, 
Emerald Green, Verdian, 2Cr 3 0 3 3H 2 0. — 
This pigment appears to be identical with that 
formcrh manufactured in serret by Pennettier 
According to Guignct’s method, 3 parts of boric 
and and 1 part of potassium dichromate are 
lie ited to dull redness in a re\ erberaton furnace 
The mass so dls up, e\ oh es oxjgcn, and becomes 
of a line green colour , it contains the borates of 
potassium and chromium, or a double borate of 
those two metals It is boiled with water, 
whfrebj the borate of chromium is decomposed 
into bone and and hjdrated chromium ecsqui 
ovule, potassium borate abo remaining in 
relation "I he precipitate is well washed, dried, 
and finch ground, It usually contains boric acid 
e\cn alter thorough washing, but not if pro 
pared with ammonium die hrotmte 'Jhewnsh- 
ings and mother liquors arc evaporated for the- 
re co\ era of the boric ucid 
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According to Chem.-Ztg. 1833, 9, 851, 
the process then used on the large scale was as 
follows : The boric acid was first purified by 
solution in hot water, treating with animal 
chnrcoal and reciystalhsmg The crystals were 
dried in a centrifugal machine. The mother 
liquor could be employed three or four times 
for rccrj-stalhsation of fresh portions of acid, 
but became then too impure for further use. 
Eight parts of potassium dichromate and 3 parts 
of purified bone acid were ground into a stiff 
paste with water, and the mixture in charges 
of about 1 cwt. heated to dull redness for 
about 4 hours in a re\ erberatory fumnee. The 
fused mass was thrown into water, and washed 
repeatedlj- by decantation ; the pigment was 
ground while wet, again washed, filtered, and 
dried. The first two washings contained con- 
siderable quantities of potassium borate, which 
was recovered bj- evaporating in leaden pans, 
adding hydrochloric ncid and allowing tho boric 
acid formed to crj-stallise. The mother liquor 
was further evaporated and crjstallised. The 
crystals were redissolxed, the lead (from the 
pans) precipitated by hy drogen sulphide, and the 
filtrate recry stalliscd. In this manner, from 
70 to 75% of the bone acid was recov ered. 

Guignet’s green is the most permanent green 
pigment known ; it is not acted upon by light or 
concentrated boiling alkalis ; it is not affected 
by acids m the cold, but hot hydrochloric acid 
slowly- dissolves it. When heated to 200° it 
blackens and becomes anhydrous. It is a fine 
green pigment largely used for the same purpose 
as the ordinary’ oxide but is more brilliant, and 
may replace the dangerous arsenical greens. It 
possesses good cov cring power, and can be mixed 
w ith other pigments w ithout alteration When 
mixed with lead chromnte, it is employed for tho 
production of a pale green colour in landscape 
painting. 

Other chrome greens are obtnined by the use of 
sodium phosphate. These always contain some 
phosphoric acid. They are, however, not ns 
brilliant ns the oxide chrome greens Various 
methods of preparation are employed. Arnoudon 
dissolves ammonium phosphate with slight 
excess of potassium Bichromate m a little boiling 
water, evaporates until the mass solidifies oil 
cooling, luats at 80°, and later nt 200°, washes 
with hot wntcr, dries, and powders Another 
method consists m boiling a solution of 10 lb. 
potassium Bichromate with 18 lb sodium 
phosphate, adding 10 lb. sodium thiosulphate 
and a little hydrochloric acid, and boiling until 
precipitation is complete The precipitate is 
washed, ground, and dried. 

Blanc and Chnudron (Compt. rend. 192G, 182, 
380) state that the blue form of Cr»0 3 changes 
to green at 500° m air, and then resembles 
Guignct’s green (cf B, 1020, ICC). 

Chromous Salts. — Trvube and Goodson 
(Ber. 1016, 49, 1070) have prepared chromous 
salts by the electrolytic reduction of the corre- 
sponding chromic salts at a cathode of pure 
lead 'I he most favourable conditions for the 
reduction ofv u let chromic saltsnrein modcratelv 
acid concentrated solutions with a current 
density of 2 5 amps jx- r S q decimetre. The 
more common green salts can be used in more 
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concentrated solutions, but require a greater 
density of current. 

Anhydrous chromou3 6alts are white and 
yield blue solutions which ore gradually oxidised 
in acid solution with the liberation of hydrogen, 
thus 2CrO+HjO=Cr,0,+ H t . They are on 
this account able to reduce organic compounds 
with double or triple hidings in the presence of 
water. Acetylene is reduced to ethylene, but 
not to ethane ; maleic and fumanc acids are 
readily reduced to succinic acid. Nitrous oxide 
in the presence of alkali hydroxide is reduced to 
nitrogen. Nitno acid and hydroxy La mine are 
reduced quantitatively to ammonia (Traube and 
Passarge, Ber. 1916, 49, 1692). Chromous 
salts fora stable double compounds with 
hydranr.e which may be precipitated from 
chromous acetate dissolved m air-free water 
covered with bght petroleum Chromous di- 
hydrazine chloride, CrCI,-2N,H 4> is a lilac 
coloured powder sparingly soluble in wale, 

M. Cbatelet (Compt rend 1934, 199, 290) 
prepared anhydrous CrCI, by reduction of 
CrClj with H, at about 700° It dissolves in 
CjHjN, yielding a green solution and green 
crystals of the compound CrCI,,2C 4 H«N. This 
compound shows traces of oxidation after some 
hours m the air.; 1 mol of CrCl t absorbs 
6 48 mob of dry NH, at atmospheric 

t reasure and at room temperature The 
igher absorption found by Ephraim and Zapata 
is attributed to the lower reduction tempera 
ture. The composition varies with NH, 
pressure and at zero pressure corresponds with 
CrCI,,3NH v confirming the existence of this 
compound, but no evidence could be obtained 
of the existence of CrCI,,5NHj by studying 
the pressure composition curve when, however, 
the CrCl t is kept saturated with NH, at 22° 
and 76 cm , the colour changes from pale green 
to \iolot rose, and in 20 hours the product 
corresponds with the composition CrCI,,5NH s> 
and its composition does not vary over changes 
of NH, pressure from 11 to 83 cm. 

Chromic Hydroxide is precipitated from 
a solution by caustic alkali or ammonia, but can 
only be obtained pure by use of the latter 
reagent owing to adsorption of the fixed alkali 
by the precipitate. The water retained vanes 
with the method of drying 
A V. Rako> ski and T Poljanski (Trans Inst 
PureChem Iteag U.S S.R. 1931, No 12,11-16) 
find that Cr hydroxido free from Cl' may be 
obtained by reducing Na,Cr,0 7 with CH,0 in 
presence of HCI, precipitating with NH, and 
washing with dilute NH, and then with H t O. 
Preparations made from the sulphate cannot be 
freed completely from SO, Hahn (Ber. 1932, 
65, (B), tit) recommends 15 g NaNO„ 15 g. 
NaN, in H,0 (250 c c.) as a reagent for 
obtaining a pure, dense, easily filtered form. 

A colloidal solution of hydrated chromic oxide 
was prepared by Graham (Phil. Trans 1801, 151, 
183) by dialysis of a solution of freshly pre- 
cipitated chromic hydroxide in chromic chloride 
solution in water After 30 days* dialysis the 
deep green solution showed 4 3 parts "HCI to 
95 7 parts Cr.O,, after 38 days 1 5 acid and 
93 5 Cr,0, 

Hein and Bar (Kolloid-Z. 1931. 57, 47-49) find 


that compounds of the type CrX, OR.3NH 
(where X is & halogen and R an alkyl radical) 
are precipitated when NH. is added to a 
solution of CrX, in the ether R,0. Tb ( y 
dissolve in H,0 with hydrolysis and at sufficient 
concentration a gel of Cr (OH), is formed. The 
geb are fairly stable and undergo syneresis. 

,T. Liesiecki (Rocz. Chem. 1930, 10, 736) 
finds that stable chromic oxide sob an 
obtained by adding washed chromic hydroxide 
prepared by the action of ammonia on chromic 
nitrate solution to a solution of chromic chloride; 
such sols do not need to be dialysed. 

Chromic Chloride, CrCI, or Cr,CI 4 The 
anhydrous chloride is obtained by heating a 
mixture of carbon and chromium sesqw- 
oxide in & current of chlorine. It can b* 
conveniently prepared by Bounon’s method 
(Compt. rend. 1909, 148, 170) by passing 
the vapour of sulphur chloride, b p. 136°, 
over the oxide gradually raised to a red heat. 
It forms pale-violet scales of sp gr. 2 782 (Biltx 
and Birk, f,. anorg. Chem. 1924, 134, 125) ; 
2 916 (Crespi, Anal. FIs. Qufrn. 1923, 28, 152), 
it is almost insoluble in water, hut dissolve* 
readily, being transformed to the green ranetj 
(i> tnfra), if only a minute trace of chromoui 
chloride (1 m 20,000) is present. 

Chromic chloride may be prepared in solution 
by dissolving the hydroxide m hydrochloric acid. 

The hydrates of chromic chloride mclude three 
isomeric hexahydratea t a green salt, 

[CrCI,(H,0) 4 ]CI,2H,0, 

a violet salt, [Cr(H t O) t ]CI, (Recoura, Compt 
rend 1886, 102, 648 ; Ann Chiro. 1887, 10,34), 
and a pale green salt of intermediate constitu- 
tion, [CrCI(H,0),]CI.H,0 (Bjerrum, Ber 
1906, 39. 1599; Z. physikal Chem. 1907, 59 
376, 590). The green hexahydrato is partly 
dehydrated in vacuo over sulphuric acid and 
yields the tetrahydrate, a pale green powder, 
chromic dichlorotetraquochlonde, 

[CrCI,(H,0) 4 ]CI. 

The green decahydrate, 

[CrCljJHjOMCI.eHjO, 

crystallises from a strongly cooled solution 
(66%) of the green hexahydrato (Werner ini 
Gubser, Ber. 1906, 39, 1823). The latter silt 
kept for 4 months at 1 mm. over phosphorus 
pentoxide is dehydrated to the red heinitn- 
hydrate, CrCI„lJH,0, but if heated »b«!y 
to 155° in a current of HCI the red hemihydrste 
CrCI,,{H t O b formed. 

The formulae of Wemer and Cubser (“ ) 
explain the behaviour of the green ben 
hydrate (supra) ; in a freshly prepared solution 
at 0°, only one third of the chlonno resets 
with silver nitrate. At ordinary temperature 
the AgCI precipitate may correspond to 
values between 1 ) and 3 C I. The solution of »“* 
violet bexahydrate yields 3AgCI- IfantwJ 
and Torke (Z. anorg. Chem. 1932, 209. ™ 
prepared a bright bluish-green hydrate I 
[Cr(H t O).]CL and a dark green hydrate R 
from [Cr(H.O)XL]CI,2H t O, by the addition 
of NH.OH and NH 4 CI. (I) is readily soluble W 
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acids, (II) less soluble. The formula) suggested 
are (I) Cr(0H) 3 ,3H 2 0 and 

(II) [Cr(Hj0)(0H)j],2H 2 0. 

On passing hydrogen chloride through a 
concentrated solution of green chromic 
chloride a heliotrope-coloured doublo chloride, 
CrClj.HCl.xHjO (x approx. 0) is precipitated. 
The substance is insolublo in methyl and ethyl 
alcohols, and in water gives a palo red solution 
which immediately turns green (Partington and 
Tweedy, J.C.S. 1927, 2899). 

Chromyl Dichloride, Cr0 2 CI 2 . — Moissan 
(Compt. rend. 1884, 98, 1581) prepared chromyl 
chlorido by treating dry chromic anhydride 
with hydrogen chloride. It forms at the 
ordinary - temperature but the action is acceler- 
ated by heating. It may also bo made by distill- 
ing potassium bichromate (3 parts) and common 
salt (3 parts) with sulphuric acid (9 parts) in an 
atmosphere of carbon dioxide. The corre- 
sponding bromtdo and iodide cannot bo mado 
by this method, but the fluoride can, the formula 
for the latter being Cr0 2 F 2 (Gazz. chim. ital. 
1880, 16, 218). H. D. Law and F. M. Perkin 
(.T.C.S. 1907, 91, 191) found that the best way of 
preparing this compound is to dissolve chromio 
anhydride (50 g.) in strong hydrochloric acid 
(170 c.c.) to which is added 100 c.c. of strong 
sulphuric acid, 20 c.c. at a timo. Chromyl 
chloride sinks ns a red liquid and may be 
separated in a tap funnel. B.p. at 7G0 mm. is 
110-7°, m.p. —90-5° ±0-5°. It is a deep red 
liquid resembling bromine. Two specimens had 
dT 47 , 2-0528-2-0515 j dj 1 -9591-1 -9582 ; (Pf 
1-012-1—1-91 13 (Moles and G6mcz, Z. physikal. 
Chcm. 1912, 80, 513). Its vapour is not 
dissociated at 181°C. When heated in a 
closed tubo to 180°-] 90° trichromyl chloride, 
(CrO,) 3 Clj, is formed. This is a black, non- 
crystalline powder deliquescing in air. Chromyl 
diehlorido reacts with phosphorus trichloride 
in carbon tctrachlorido solution to form 
CrOCIjPOCI, and PCI t . 

Chromous Bromide, CrBr 2 . — A white salt 
giving a blue solution, prepared by Moissan by 
passing bromino vapour with nitrogen over 
heated chromium. 

Chromic Bromide, CrBr 3 , is formed liko 
the dibromidc, by passing excess of Br over 
heated Cr. _ It is a dark green powder and 
forms two isomcrio hexahydrates, green and 
violet, corresponding to the sitnilarly coloured 
hexnhydratcs of CrCl 3 . 

Chromous Iodide. — Hein and Wintncr- 
Hblder (Z. nnorg. Chcm. 1931, 202, 81-89) pre- 
pared pure Crl., m.p. 790°-795°, by heating 
electrolytic Cr with an excess of I in N 2 or 
vacuum at 1,150°-1,200°, and removing the 
excess of I from the product by heating at 200°. 
Two forms, viz., greyish-white and dark brown, 
exist. Crlj has an appreciable decomp, 
pressure at 400°-700°, but in presence of a trace 
of I vapour this is strongly depressed, nud 
increases only very slowly with ri°e of tempera- 
ture, Iodine reacts, but not very- readily with 
Crlj, at 300°, a product containing more 
than 91% Crl 3 could not be obtained. It 


reacts vigorously- -with pyrophoric Cr at 300°, 
with partial formation (67%) of Crl 3 . 

Chromic Fluoride, CrF 3 ,4H 2 0. — This pro- 
duct, prepared by dissolving chromic hydrate in 
hydrofluoric acid, is used in the printing and 
dyeing of woollen goods. (For preparation, t>. 
1937, B, 1199). It is a fine, crystalline, green 
powder, very solublo in water, but it has n 
corroding action on glass, and is therefore best 
kept in lead or wooden vessels. It may bo used 
as a mordant with both vegetable and animal 
fabrics, and is often employed in the placo of 
acetate or nitrate of chromium for printing, and, 
in general, gives finer results. Alizarin dyes, 
coerulein, gallein, eto., and logwood extracts, are 
fixed as perfectly as with acetate of chromium. 
One advantage is that it is marketed as a solid. 
Its effect on wool in after-ohroming baths has 
been criticised (Knecht, Lawson, and Loewen- 
thal, “ Dyeing,” II, C32, London, 1925). 
Chromium silicojluoride, prepared by dissolving 
the oxide in hydrofluosilicio acid, has also 
•been used in dyeing and printing in placo of 
the fluoride, and is stated to give better results. 

Chromium Nitride . — Valensi (Compt. rend. 
1928, 187, 203) prepared chromium nitride as a 
brown crystalline powder by heating chromium 
in pure nitrogen. It gives dissociation isotherms 
between 810° nnd 1,200° analogous to those of 
palladium and hydrogen, which indicate the 
formation of the compound CrN. The tem- 
perature, 1,015°, at which the dissociation 
pressure is 760 mm. agrees with the calculated 
value. 

Chromium compounds with nitrogen prepared 
by passing ammonia over chromium heated to 
800° show tho existence of two phases. The first 
phaso is homogeneous for a considerable range 
of concentration which probably includes 33 
atomic per cent, nitrogen corresponding to tho 
formula Cr 2 N. Tho chromium atoms are 
arranged in a hexagonal lattice with the densest 
spherical packing, the nitrogen atoms probably 
being distributed at random in the spaces of 
the lattice. The second phase corresponds to 
tho formula CrN with NaCI structure. X-ray 
examination of a nitrogenous ferrochromo 
(60-3% Cr, 2-4% N, 0-7% Mn, 2% Si, 0-2% 
C) showed hexagonal CrN (Blix, Z. physikal. 
Chcm. 1929, B, 3, 229). 

In tho sy-stem Cr-N the hexagonal /3-phaso 
has a “ superstructure,” tho cell volume of 
which is three times as largo ns that of tho 
hexagonal close-packed lattice. The upper nnd 
lower limits of the region of homogeneity of the 
)3-phnsc are 11-9% N (Cr 2 N) and 9-30% N 
respectively (S. ErikBson, A, 1935, 1455). 

Chromium Azide, Cr(N 3 ), (Mandala and 
Cornelia, Gazzettn, 1922, 62, (i), 112) was pre- 
pared by prolonged treatment of an absolute 
alcoholic solution of crystalline chromium 
nitrate with sodium sulphate, and evaporation 
of the filtered liquid with tho calculated propor- 
tion of sodium azide in a vacuum. It forms a 
highly hygroscopic dark green amorphous mass. 

Chromous Hydrazine Com pou rids (Traubo 
nnd Passnrge, Bcr. 1913, 46 1505) can bo pre- 
pared by suspension of chromous acetate in 
air-free water covered with a layer of fight 
petroleum. The acetate is dissolved by addition 
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of the exactly necessary quantity of dilute 
acid, and then a solution of hydrazine hydrate 
or sulphate added. The salt precipitates readdy 
and is washed with water, alcohol, and ether. 
Chromous dihydrazine chlonde, CrCI,,2N,H 4 , 
and the bromide, CrBr a ,2N a H 4 , are lilac- 
coloured compounds, the iodide, Crl a ,2N a H t , is 
greyish -blue 

Chromium Nitrate. — Jovitschitsch (Mon 
atsh. 1912, 33, 9-18), by dissolving strongly 
heated chromic oxide in hot concentrated H N O, 
(d. 1-4), obtained a solution from which the 
hydrate, Cr,(NOj),,1 SH,0, crystallises on 
cooling in the form of dark brown prisms 
(a.b.c.«l-4210: 1 : 1 1158, £=93° 10') In 
contact with dry air the crystals lose 6H 2 0 
with the formation of a grey-coloured hydrate, 
Cr a (NO a ) 4 ,9H a O Partington and Tweedy by 
dissolving chromic hydrate obtained the salt 
Cr,(N0 3 )j,25H,0 (JCS. 1926, 1142) 

Chromium Silicides. — Chromium Filicides 
may bo prepared by heating the two elements 
or mixtures of chromic oxide and sibcon 
carbide m the electric furnace , compounds 
represented by S)Cr,, SiCr a , Si a Cr a , and 
Sl.Cr, have been prepared They are cry stalhne 
and very hard — SiCr a is harder than corundum 
— and are not attacked by ordinary acids, though 
attacked readily by hjdrofluoric acid and by 
aqua regia (Lebeau and Figueras, Compt rend. 
1903, 136, 1329 , Matignon and Trannoy, ibid. 
1903, 141, 100 . Fnlley, Rev. m£tal 1911, 8, 
476 , Baraduc Muller, ibid 1909, 6, 157 ; 
1910, 7. 098) 

B Boren (Arkiv Kcmi, Mm Gcol 1934, 11A, 
No. 10, 28 pp ) inferred the formation of the 
following compounds in the system Cr-SI. 
Cubic crystals of Cr a SI with a 4 555 a and 8 
atoms m tho unit cell, a phase of uncertain 
composition and structure etable only at about 
1,000° ; CrSi, cubic, a 4 620.\ , space group T 4 , 

8 atoms in tho unit cell, structure analogous to 
that of FeSl ; CrSi r hexagonal, a 4 422, 
c633lA, space group D\. 

Chromium Borides. — Moissan prepared 
hard amorphous CrB from tho two elements in 
the electno furnace (Ann. Chim. Phys. 1896, 
[vu], 8, CC3). Wedekind and Fetzer employed 
a mixture of chromio oxide, aluminium powder, 
and powdered boron, and obtained crystalline 
"CrB ("Ber. ‘XVU7, '40, Iflff) Andneux pre 
pared Cr a B a by electrolysis of a fused mixture 
of B a O a , Cr a O a , MgO, and MgF a (Ann chim 
1929, [xj, 12, 486). 

Potassium Chromate, K a Cr0 4 , is prepared, 
as already described, from chrome ore. It may 
be produced by adding potassium hydroxide to a 
solution of the dichromate. It crystallises ui 
anhydrous, yellow, rhombic prisms isomorphous 
with thoso of potassium sulphate, sp gr. 2 71 
(Kopp). 100 parts of water dissolved of potas- 
sium chromate 

0° 30° 60° 105 8* 

57-11 65 13 74 60 88 8 

105 8® being the boiling-point of the saturated 
solution (Koppcl and Dlumenthal, Z. anorg 
Chera 1907, 53, 262) Tho solution has a fine 
ellow colour, a distinct y ellow tinge is imparted 
y 1 part in 400,000 parts of water. The 


solution has an alkaline reaction. Like »1] 
chromates the salt is poisonous (r. Ciraosnrs, 
supra). 

When heated, it reddens and fuses without 
decomposition ; heated with reducing arenta 
such as sulphur, it is reduced to chrorainn 
sesquioxide. The addition of an acid, even 
carbonic acid, determines the decomposition into 
potassium dichromate. It forms double silts 
with the chromates of the alkaline earths sad 
lead 

Potassium chromate is not largely used, the 
dichromate, on- account of its higher percents** 
of chromic acid, being generally preferred. 

Potassium Dichromate, KjCr a O,, rep 
3S9 4°±0 5°. — This important salt, general!) 
known as “ bichromate,” or " bichrome," is 
prepared in large quantities by the methodi 
already described. Considerably over 10,000 
tons are annually produced in Great Britain 

It crystallises in anhydrous, red, tabular 
prisms belonging to the triclmic system, ofspgr 
2 70, and of intensely metallic, bitter taste 
At bright redness oxygen is evolved, and the 
normal chromate and chromic sesquioxide result. 
Acid chromates, of composition K a Cr a O, 4 and 
K a Cr 4 0, s , appear to exist in solution within 
certain limits of concentration. 

100 parts of water dissolve at 0°, 4 64 parts; 
at 30°, 18 13 parts; at 60°, 45 44 parts; and 
at 104 8°, 108 2 parts , 104 8° being the boiling 
point of the saturated solution (Koppel ami 
Blumenthal, Z anorg Chcm 1907, 53. 203) 

The salt separates from the fused state as a 
compact mass of dark brownish-red tabular 
crystals with marked reduction in volume 0a 
further cooling the crystals change to a Iooee, 
orange-red powder, the transition being 238 S“- 
0 5°. The unstable monochmc form changes to 
stable trichnic crystals at this temperature 
(Robmson, Stephenson, and Briscoe, JCS. 
1925, 127, 547). 

Potassium dichromate is used in the prepare 
tion of chrome pigments, of “discharge" 
for Turkey red, etc , for the production of a 
large variety of colours in calico printing and 
dyeing, and in the manufacture of safety 
matches In solution with sulphuric acid. # 
is used as a bleaching agent for tallow, pslo 
oil, etc., in the oxidation of anthracene to all 
m 'Jut mmii/ruaVurb xfi mihnib -rakt- 
and in many other organic oxidations It u 
also u«ed in the two-bath process of chrome 
tanning The pelt is immersed first in the 
dichromate solution and then in a solution of 
sodium thiosulphate acidified with HCI. 

When mixed with organic substances it u 
reduced on exposure to light; gelatine in eur» 
circumstances is rendered insoluble. This re- 
action is taken advantage of in the “ carbon 
process of photographic) printing. The gehtre* , 
u mixed w ith a pigment of any colour, and the I 
paper carrying this film is sensitised by floating 
on a solution of potassium dichroniato. One* 
posuro under a negatue, the gelatine in those | 
portions exposed to the light becomes insoluble, 
and retains tho pigment, while the portions pro- 
tected by the darker parts of tho negative 
almost unacted upon, and may bo dissolved O 
warm water. In this manner, photograph 5 K 
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any desired colour, and of great permanence, 
may bo produced. 

In (he oil-proccts gelatine-coated paper may 
be sensitised with bichromate and exposed 
under a negativo and, after developing the 
print in water at 2.5°, it is pigmented with a 
suitable oil-ink, einco tho hardened golatine 
has the property of fixing greasy inks. In 
the corresponding gum-bichromate process the 
paper is coated with a solution of gum arabic 
and bichromate. For tho carlro process a 
bromide print is soaked in water and squeegeed 
into contact with tho sensitive tissue of tho 
carbon process. Tho silver grains of the print 
reduce tho bichromated gelatine, rendering it 
insoluble, so that after separation of the tissue 
it mny be developed in hot water. In the 
bromoil process a bromido print is bleached in 
a bichromate bath, whereby the gelatino of tho 
silver imago becomes insoluble, fixed, washed, 
and tho hardened gelatino pigmented by 
brushing on an oil-ink as in the oil-process. 

Sodi u m Ch rom ates. — The normal chromate 
Nn 2 CrO 4 ,10H 2 O, and tho dichromato 

Na 2 Cr 2 0 7 ,2H 2 0, 

may bo prepared by methods similar to thoso 
already described under Chromates (q. v.), but 
without tho details which now follow. Accord- 
ing to Nio. Walberg (Dingl. poly. J. 1880, 259, 
188), 0 parts of powdered chrome oro (44% 
Cr 2 0 3 ) wero mixed with 3 parts of soda nsh 
(02% Nn 2 C0 5 ) and 3 parts of chalk, and heated 
in charges* of 1 ton in a reverborntory furnace for 
8 hours. Tho mass is lixiviated to produce a 
solution of 45°B., boiled down to 52°B., and 
allowed to crystallise in leaden pans. Tho 
crystals aro first dried by a centrifugal machine 
nnd finally heated to 30° in a drying chamber, 
where they crumble to a yellow, anhydrous 
powder containing about 9G% of the normal 
chromate. 

For tho production of dichromato, these 
crystals are dissolved to a solution of 40°C. 
nnd treated with sufficient chamber acid to 
determine the conversion into the dichromntc, 
the right point being found by potassium iodide 
nnd starch paper. Sufficient neutral sodium 
chromate is then added to bring the pcrccntngo 
of CrOj to about 72-G. Tho liquor is cooled in 
lead tanks to 1°, nnd the sodium sulphate crystal- 
lised out. Tho liquor is drained off, filtered if 
necessary, nnd evaporated to dryness in an iron 
pot, with constant stirring. The rcsiduo is 
powdered while still hot. If tho amount of CrO a 
bo allowed to oxeecd 72-5%, the product is damp 
and cannot be stored in wooden casks. An 
analvsis of this substance showed CrO s 72-3, 
Na.O 2G-20, S0 3 1-10. 

Modifications in the method of manufacture 
by Ulm (Chcm.-Ztg. 1914, 38, G70; J.S.C.I. 
1914, 33, 917), consist in the use of caustic 
nlknli in the place of alkali carbonate, and in 
the employment of only half the sodium 
carbonate required to decompose the ore. the 
remainder being replaced by sodium sulphate, 
formed in the later stages of manufacture. 

Normal Sodium Chromate forms large, 
efllore'ccnt crystals of the composition 
NajCrO 4 ,10H.O, isomorphous with Glauber’s 
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salt. Unlike potassium chromate, it is less 
solublo than the dichromato; it is, however, 
more solublo than potassium chromate, tho 
saturated solution at 18° contains 40-10% 
Na.CrOj (Mylius and Funk, Ber. 1897, 30, 
1718). 

Other hydrates with 6 and 4 mols. of H a O aro 
known. Their transition temperatures have 
been suggested as convenient fixed points in 
thermometry (Richards and Kelley, J. Amor. 
Chem. Soc. 1911,33, 847). 

Sodium Dlchromate, Na 2 Cr 2 0 7 ,2H 2 0. 
crystallises in thin, Bix-sided prisms of a fine 
hyacinth-red colour, and is very solublo in 
water, 100 parts of water at 30° dissolving 
197-6 parts Na 2 Cr 2 0 7 (Schreinemakers, Z. 
physikal. Chem. 1906, 55, 91). It is hence 
more than 10 times ns soluble ns potassium 
dichromato (18-12 parts), which it frequently 
replaces. (For a difference in properties, see 
Robinson et al., l.c.) 

Ammonium Chromate and Dichromate 
are prepared by mixing in proper proportions 
solutions of ammonia and of ehromio acid. Tho 
dichromato, on heating, yields water and a 
mixture of equal volumes of nitrogen nnd 
nitrous oxide and leaves a rcsiduo of chromic 
oxide mixed with a higher oxide of chromium 
: (Hnrbord and King, l.c.). 

Ammonium chromate may bo also manu- 
factured by treatment of sodium chromato 
solution with ammonia and saturating with 
carbon dioxide, whereby sodium bicarbonate is 
precipitated. 

Calcium Chromate, CaCr0 4 ,2H 2 0, is 
largely produced in the manufacture of chrom- 
ates from chrome iron oro. The dihydrate 
exists in monoclinic a nnd rhombic )5 forms. 
Tho anhydrous salt formed at 200° is less 
soluble at 100° (0-42 g.) than at 0° (4-31 g. in 
100 g, solution) (Mylius, Ber. 1900, 33, 3G89). 

Barium Chromate, BaCr0 4 , is a canary- 
yellow powder, known as Yellow Ultramarine or 
Lemon Yellow. It is produced by the addition 
of a chromate to a solution of a salt of barium. 

Barium chromate is insolublo in water nnd 
acetic acid, soluble in hydrochloric and nitric 
acids. On treatment with a boiling solution of 
chromic anhydride, it dissolves, and crystal- 
lises on cooling as a yellowish-red powder con- 
sisting of tho dichromato BaCr 2 0 7 ,2H 2 0. 

Both barium and calcium chromates have been 
employed as pigments, but are now little used 
on account of their lack of brightness and 
covering power. 

Lend Chromates. — The neutral lead chrom- 
ate PbCr0 4 is best produced bythonction of a 
solution of lead acetate on a solution of a 
chromate. Thus produced, it is of a fino lemon- 
yellow colour, insoluble in water and dilute acids. 
At 25° tho solubility of PbCr0 4 in water is 
5-Sx 10 -5 g./l. (Ishibashi nnd Funnkoshi, 

J. Chem. Soc. Japan, 193G, 57, 1028). When 
heated at 250° it becomes reddish-brown, 
at a higher temperature it fuses, and finally 
cvolvcs oxygen with the formation of chromic 
sesquioxide nnd a basic lend chromate. On 
account of this evolution of oxygen the sub- 
stance is frequently u-=cd for combustions in 
organic analysis. 
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Lead chromate b soluble in cold lime water or : 
caustic alkali, but is not dissolved by hot lime 
water. For this reason, in immersing calico 
coloured with chrome yellow in lime water, 
for the production of an orange colour, care 
should be taken that the solution is hot. 

When heated with the calculated amounts of 
caustic a Utah part of the chromic acid may be 
removed, with the production of basic lead 
chromates of colour varying from orange to 
vermilion. 

The normal chromate is largely used as a 
pigment, and for calieo-pnntmg, and is the 
essential constituent of various etyeme pig 
dents as chrome yellow, Pans yellow, and Ltxpsic 
yellow. The name Cologne yellow wa3 originally 
given to chrome yellow containing a mixture of 
lead chromate and lead sulphate, but the latter 
compound is also present in most of the bright 
yellows known commercially as "genuine” 
chrome yellows. 

Chrome Yellows. — The finest chrome yellow 
is produced by precipitation ; the lead acetate 
used should not be basic or the product will be 
of an orange colour; the solution should bo 
dilute, and the lead salt should be m excess, 
the presence of excess of chromate is liable to 
“ turn ” the yellow, te to produce an orange 
tinge. The substances used should be technically 
pure. According to B T 416744, 1933, one 
method of manufacture from chromic acid 
consists in adding this acid to a suspension of 
lead oxide or carbonate in hydrofluoric, fluobonc, 
or fluosiheic acid, at a rate which is not greater 
than the velocity of reaction of the latter acids 
with the lead compound Pure chrome yellow, 
PbCr0 4 , is too expensive for most purposes, 
is liable to darken in colour, and does not 
exhibit the required range of tones. A senes of 
** genuine ” chrome yeUows is manufactured by 
nuxing the precipitating chromate solution 
with an appropriate quantity of sulphuno acid, 
Glauber's salt, or alum, the latter salt for 
Amencan chrome-yellow. The lead chromate 
is thus precipitated together with any required 
amount of lead sulphato ns mixed crystals of 
PbCrO t and PbS0 4 , the colour being paler as 
the proportion of lead sulphate is increased. A 
range of " reduced chrome yellows " is made by 
the admixture of barytes, gypsum, kaolin, or 
whiting, which are ground with water and the 
auspension added to the precipitating tank prior 
to the reaction. As the customer requires 
chrome yellows, eg. pnmroso chrome, lemon 
chrome, and middle chrome, which for reasons 
of shade or price contain lead sulphate or fillers, 
these additions are not in general to be regarded 
as adulterants. Lemon Chrome A and Orange 
Chrome B may contain from 25 to 90% barytes. 
The application to these chromes of the Home 
Office test for toxicity has been studied (Samuels, 
J, Oil Col Chem. Assoc. 1938, 21. 177). The 
British Standard specification for lead chromes 
for paints is 282/1927. 

.Milbauer and Kohn (Z. physikaJ Chem. 1916, 
91, 410) show that the reaction 

PbS0 4 + K,Cr0 4 ^PbCr0 4 + K 4 S0 4 
proceeds practically completely in the direction 
of left to right. From determinations of the 


stability it is established that the solid phase 
PbS0 4 cannot exist in the presence of K,Cr0 4 , 
KjS 0 4 and PbCrO,, and that the existence of 
double salts is unlikely. The strong adsorption 
rendered the determination of the mass-action 
corvo difficult. The general results indicate that 
the manufacture of chrome yellows can be carried 
outfromleadsulphsteand that various shades can 
be obtained by varying conditions, temperature, 
concentration, and time. It follows also that an 
excess of lead acetate should be used in the 
manufacture, since this will secure the absence of 
K,0rO 4 , which would otherwise rapidly con- 
vert the lead sulphate necessary for the par- 
ticular shade into chromate. 

Freshly precipitated PbCr0 4 darkens in 
colour probably because of the change from an 
unstable rhombic into a stable monochnio 
form. When lead sulphate is precipitated 
simultaneously with lead chromate the two 
salts form mixed monoelinic crystals which do 
not darken during settling. The best conditions 
for precipitation were ascertained by Wagner 
and Keidel (Farben Ztg. 1926, 31. 1G67) The 
monoclimc mixed crystals of PbCr0 4 with 
PbSO t , BaSO ( , CaS0 4 , or SrS0 4 are said 
to be more resistant to light than the rhombic 
forms and the rhombic mixed crystals first 
precipitated may be converted into monoclimc 
by heating their aqueous suspensions (B P. 
403762) Precipitation from dilute solutions 
with vigorous stirring produces finer particles 
and brighter shades , while redder tones are 
obtained in hot solutions. Milbauer and 
Kohn found that the brightest chrome yellow 
was obtained by adding a solution of lead 
nitrate or acetate to a dilute aolution of 
potassium chromate and potassium sulphate 
(J.S.C.I. 1923, 105 A ; Chem -Ztg. 1922. 46, 
1145). They showed that the precipitate con- 
sisted of rhombio mixed crystals. These mixed 
crystals were shown to be solid solutions by 
X-ray examination (Lederlo, Rev. Erod. Chim. 
1937, 40, No. 9, 263). The monochnio form ia 
said to be superior to the rhombio in resisting 
light (Wagner, Paint and Varnish Prod. Man. 
1934, 10, No. 5, 10). 

The method usually adopted for production 
of chrome yellow is the following: The two 
precipitating solutions are prepared separately 
in wooden tanks and heated by steam pipes. The 
solutions are either filtered or allowed to settle 
in the tanks and drawn off from above. They 
are run together into the precipitating tank, 
which contains about 200 gallons. The chrome 
yellow is allowed to deposit and the clear liquid 
drawn off, more water is added, the whole 
thoroughly stirred, and the process is repeated 
three or four times. Tho pigment ia then 
pumped into a filter press and dned in drying 
rooms at 30°-50°. 

Mixtures of chrome yellows and Prussian blue 
form the Brunswick greens, also known as 
chrome greens, although they are to bo dis- 
tinguished from the more expensive and 
permanent chromio oxide greens, also termed 
chromo greens. Tho Brunswick greens are 
largely used for ordinary paint work. Monutral 
Blue baa been mixed with chrome yellow for 
green pigments, and the fastness to light of ttfch 
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mixtures 1ms been discussed by Amies and by 
Samuels (J. Oil Col. Chem. Assoc. 1938, 21, 
187). By the regulated action of hot alkalis on 
cliromo yellow a scries of basic lead chromates 
is produced ranging in colour from orange 
chrome to chrome red. 

Orange Chrome. — A washed chromo yellow 
preoipitalo consisting of PbCr0 4 and PbS0 4 is 
treated at 80’-90° whilo stirring with the 
calculated quantity of caustic soda solution 
until the reaction is completed. The product is 
washed, filter-pressed, and dried as usual (Zen- 
and IUibcncamp, “ Fnrbcnfabrikation,” 4th ed., 
Berlin, 1930) ; or tho freshly precipitated lead 
chromate+lcad sulphate is boiled with milk of 
li mc — w Jth tho object of producing a basic 
chromato containing gypsum ns a filler. In 
another process basic lend chlorido is first 
prepared by tho action of hot sodium chloride 
solution on litharge, dichromnto solution is then 
added which forms monochromato with the 
enustio soda now present and this reacts with the 
basic lead salt. Ornngo chromes sometimes 
contain a colour lake precipitated on tho pigment 
to brighten tho shade. Holley (“ Analysis of 
I’nint and Varnish Products,” p. 214, London 
and Now York, 1912) found 4-87% of organio 
colour in a pigment containing PbCr0 4 
40-50%, PbO 47-24%, PbS0 4 5-49%, whioh 
may be compared with a light yellow chromo 
containing PbCr0 4 08-65%, PbS0 4 31-21%. 

Chrome Red is conveniently manufactured by 
boiling white load with a solution prepared from 
dichromnto nhd caustic soda, tho washed product 
which has a dull nppcnrnnco acquires a brilliant 
red colour after treatment with dilute sulphurio 
acid, tho pigment is then washed and dried as 
usual. Tho pigmont is not so generally useful 
ns tho other lead chromes, for when finely 
ground tho shndo changes from deop red towards 
ornngo yellow. It may replnco cinnabar in 
distemper painting, but sottlcs out too readily 
if made into an oil paint. Tho synonyms of this 
pigment includo tho names Derby red, Persian 
red, American vermilion, Victoria red, Chinese red. 

Wagner and Schirmcr (Z. anorg. Chem. 1935, 
222, 245) studied tho products formed by- 
adding KOH to a lead salt and potassium 
chromate. With increasing KOH tho orango 
red Pb0-PbCr0 4 changes to a puro red 
substance of tho same composition and crystal- 
line form (tetragonal) but of different particlo 
size. Tho final product was orango red, not 
uniform, and appeared to contain yellow PbO. 

Holley (l.c. 220) found in a light American ver- 
milion, PbCr0 4 50-10%, PbO 41-20%, PbS0 4 
6- 15%; in a deep American vermilion PbCr0 4 
63-60%, PbO 40-8S%, PbS0 4 4-97%. It may 
l>e noted that Pb0-PbCr0 4 contains PbO 
40-S5%, PbCr0 4 59-15%, For rust prevention, 
n priming coat of a basic lead chromato paint 
(which may have an addition of zinc chromate) 
lias given excellent results on properly prepared 
structural iron and steel work. Chromo yellow 
paints darken when exposed to tho air of 
towns and arc also liable to be darkened by- 
strong sunlight owing to tho reducing action of 
the oil medium on the chromato (Palmer, 
»I. Oil Col. Chem. Assoc. 1925, 8, 90). Reddy 
(Official Digest, 1934, No. 130, 32S) has com- 
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pared the different types of lead chromes and 
zinc chromes as regards grinding, hiding power, 
paint media, anti-corrosive action, etc. The 
importance of tho yellow and orango chrome 
pigments is shown by tho output in tho U.S.A. 
which in 1935 amounted to 39 million lb. 

Scarlet Chromes is tho descriptive name given 
to a Beries of pigments consisting of mixed 
crystals of chromate, sulphate, and molybdate 
of lead (J. Oil Col. Chem. Assoc. 1938, 174). 

The lead chromates all possess good covering 
power and brightness of colour ; they aro 
durable, but blacken under tho action of sul- 
phuretted hydrogen. They mix well with other 
pigments, but should not bo used with ultra- 
marine, lithopono or other sulphide pigments. 

Bismuth Chromates. — The addition of 
potassium dichromate to a neutral solution of 
bismuth nitrate gives a yellow flocculent pre- 
cipitate, Bi 2 0 3 ,2Cr0 3 , soluble in acids 
(Lowe). On heating, it becomes partly decom- 
posed nnd turns greenish. K 2 Cr0 4 and 
solution of bismuth nitrate, the precipitate 
formed consists of 3Bi 2 0 3 ,2Cr0 3 (Lowe, 1856), 
and is quite insoluble in water. Bismuth 
chromato iB used as a pigment (cf. Cox, Z. 
anorg. Chem. 1906, 50, 226). 

Zinc Chromate, Zinc Yellow, or Butter- 
cup Yellow, ZnCr0 4 , is a beautiful yellow 
pigmont, produced by tho addition of hot 
neutral solution of zinc sulphate to potassium 
chromato, or by adding a cream of zinc oxide 
in water to a boiling solution of potassium 
diohromate. It is slightly Bolublo in water and 
readily so in nearly all acids, in ammonia, and 
in caustic soda. 

Zinc chromato can bo obtained in various 
tints and has a good colour. Though not equal 
to chrome yellow in covering power or body, it 
has tho advantage of not blackening by contact 
with sulphides. It is used for mixing with 
Prussian bluo to form tho zinc greens, which aro 
faster to light than tho corresponding Brunswick 
greens. The British Standard specification for 
zinc chromes for paints is 389/1929. 

Samples of commercial zinc yellow analysed 
by Fox, Ellis, and Hirst (J. Oil Col. Chem. 
Assoc. 1928, 11, 195 ; cf. ibid. 198) showed an 
average content of ZnO, 42-5% ; Cr0 3 , 

38-4% ; theory for ZnCr0 4 , ZnO 44-9%, 
CrO s 55-1%. Tho samples contained alkali, 
up to 11-1% KjO, in another samplo 7-0% 
NUjO ; and combined water up to 8-2%. 
Zinc chromato purchased from chemical supply 
firms had a similar composition nnd in one 
case contained ammonia equivalent to 10-1% 
(NH,) s O. Tho potassium zinc chromo abovo 
mentioned gavo 15-1% water-soluble (arbitrary 
method in B.S.S. 254/1926), and the sodium zinc 
chromo 42-6%. In the discussion (l.c. 200), 
tho change of colour in zinc chromato on keeping 
ns a standard in a sealed bottle was mentioned, 
nnd also tho loss on washing the pigment which 
could reach 50 to 60%. Brizzolaria el al. (Ind 
Eng. Chem. 1937, 29, 656) represent tho com- 
position by tho formula 

K 2 0,4Zn0,4Cr0 3 ,3H 2 0. 

Britton and Evans (J.S.C.I. 1936, 55, 337T), 
reporting on Foven years’ exposure of protcc- 
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tire painting on steel, foand zinc chromate 
priming paint very good, although not quite 
equal to red lead. 

Bngga (J.C S. 1920, 242) confirmed tie e list- 
en re of normal zinc chromate and prepared the 
following crystalline chromates : 

9ZrO,.5CrO„12H.O, 

3Af-0,.2Cr0,,6H,0. 

2 Pe.Oj.4CrO., H .O, 

3SbDj.CrO r 

Perchromlc Acid. — On adding hydrogen per- 
oxide to r.n aqueous solution of chromic acid, or 
to an aqueous solution of a chromate acidified 
with sulphuric acid, a deep blue coloration is 
produced, which on shaking the solution with 
ether passes into that liquid 
The reaction is & delicate test for CrO, or 
H,0,. The blue perchromic acid is extremely 
unstable, evolves oxygen and is gradually 
transformed into chromic acid Alcoholic 
alkalies react with the ethereal solution forming 
salt* of blue perchromic acid, eg K t Cr t 0 lt . 
2H,0.TI,Cr,O lt (Schwarz tt a/. Ber. 1933. 
66, [BJ, 310) The pyridine compound, however, 
is (CjH,N)CrO, (ibid 65, 871) Red per- 
chromates, M t Cr.Oj ( . are formed by the 
interaction of alkaline chromate solutions and 
hydrogen peroxide below 0°, and the free acid is 
similarly formed from freshly precipitated 
chromic hydrate When acidified the solutions 
evolve oxygen and blue perchromic acid is 
formed. Schwarz and Elstner (Ber 1936, 69, 
IB), 575) found the etberate CrO,,Me t O to be 
the product when CrO, reacted with concen- 
trated H t O, to Me.O at low temperatures, 
this explodes already at —30°. The third 
scries of perchromates, the brown salts, co- 
ordination compounds of the oxide CrO,, 
include perchromateammine, Cr0 4 .3NH,. 
formed when H,0, acts on an ammonia cal 
solution of ammonium chromate The blue salts 
were formerly considered to be MCrO, H,O f 
(Wiede, 1897-1899), but the analyses of 
Schwarz appear to establish the formuls 
quoted above. 

Esters of Chromic Acid have been prepared 
by Wienhaus (Ber. 1914, 47, 332) by shaking a 
tertiary alcohol, dissolved in bght petroleum or 
carbon tetrachloride, with an excess of solid 
chromium tnoxide The ester remains dissolved 
or suspended in the solvent, from which it can 
bo obtained by evaporation. 

CHROMAMMOXIUU COMPOUNDS AND . 

DERIVATIVES. 

Salts of chromium readily combine with 
ammonia or substituted ammonias, to form 
complex compounds in which the chromium 
atom may be combined with 6 mola. of ammonia, 
as, for example, in hexammme chromium chloride 
[Cr(NH,) ( )C1, The ammonia may bo sub- 
stituted by acid groups, the TaJency and 
character of the complex radical being determined 
by the acid and basic radicals in the molecule. 

R Du\ al has contributed a valuable study of 
the complex compounds of chromium to Pascal's 
‘‘Trade do Cbiniie Min£rale," toL x, pp. 1005 


1094, with bibliography, pp 1094-1098, Paris, 
1933. Duval considered that the 2,000 complex 
chromium compounds then known are classified 
in hi* contribution. Prominent authors in the 
bibliography are Werner, Pfeiffer, Weinland, and 
Jorgensen and the following general treatises 
have been published : 

Werner. “Nenere Anschauungen auf dem 
Gebiete der anorganischen Chenne." 

Urbam and &£n£chal, “Introduction h la 
chimie des complexes.” 

Weinland, “Emfuhrung in die Chemie der 
Komplex-YeTbrndungen,’' F. Enke, Stuttgart, 
1924. 

Pfeiffer, “OrgamscheMolekiil Yerbindungen.” 

Hexammlne Chromium Salts (luteo salts), 
eg. the nitrate, ICr(NH,) f ](NOj) a , are pre- 
pared by treating the corresponding purpureo 
salts with ammonia in cold, concentrated 
solution (Jorgensen, J. pr. Chem. 1832, (2), 23, 
229; Mills, Phil. Mag. (4). 35, 245). 

Pentammlne Chromium Salts (purpureo 
salts) — Jdrgensen (J. pr. Chem 1879, [2], 20, 
105) prepared the chlonde [CrCJ(NH 3 ) 5 )CI, by 
reducing violet chromic chloride in a stream of 
pure, dry hydrogen at a red heat, and adding to 
the chromous chloride a solution of NH,Ct in 
strong ammonia. Air was passed through, HCI 
added, and the mixture boiled, when a carmine- 
coloured powder precipitated. It crystallised in 
octahedra, sp gr. I 687, dissolved in 154 parts of 
water at 16°, and its analysis corresponded to 
the formula CljCr^NHjJmCI, Jorgensen 
found that only 4 atoms of chlorine are pre- 
cipitated by silver nitrate, which confirms 
W emer's formula given above. 

Triammine Chromium Salts —These com- 
pounds have been investigated by Werner (Ber. 
1910,43, 2286), w ho employed triammine chrom- 
ium tetroxide In their preparation. To a well- 
cooled solution of 30 g. of chromic acid in 300 
c.c. of water are added 300 cc. of pyridine. 
After remaining half an hour m a freezing 
mixture, 750 c c. 3% H.Oj arc added. Tbo 
precipitated pyndme perchromate is collected, 
washed, and added to 90 c.c. of well cooled 25% 
ammonia, Theprecipitated tnamminechromiura 
tetroxide Cr0 4 .3NHj is collected after 10mm* 
utes and washed with water, alcohol, and ether. 

Trlchlorotrlammlne Chromium, 
CrtNHJjCI,, 

results when tnammine .chromium tetroxide is 
added to coJd, concentrated hydrochloric arid. 
A bluish grey precipitate is formed, and the 
filtrate from this deposits the compound after 
standing 2 days, in dark blue crystals with a 
greenish tinge. Tnaquotnammine-chromiura 
chlonde, [Cr(OH,) J (NH 1 UCJ J , is obtained 
by treating 1 g. of the dichloroaquolnammino 
chromium chloride (contained in the grey 
precipitate above mentioned) with 8 c.e. of 
water coiered with B cc. of pyridine. Tbo 
resulting solution is filtered, and the hjdroxo- 
iodide precipitated by the addition of solid 
potassium iodide. The chlonde w obtained 
from this by tnturating with bydrochlonc arid- 
It forms brownish -red hygroscopic crystals. 
The corresponding bromine compounds have 
been prepared. 
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Chromi-nquo-trmmmincs have been prepared : 
fCr(NH 3 ) 3 CI.H,0]CI,— blue, 
(Cr(NHj) 3 CI(H,0).]Clj,— reddish-violet, 

[ C r ( N H 3 ) 3 (HjO) 3 ]C l 3 , — red. 

In solution the mono- compound passes into the 
di- and the di- into the tri-aquotriammino 
elironiitrichlorido (Frowein, Z. anorg. Chem. 
1020, 110, 107-221). 

f'rhlc«ingcr and Worner (J. Anter. Ciiem. Soc. 
1020, 51, '.1520) state that chloropentamminc- 
rhromic chloride i3 converted into insoluble 
chromium trichlorotrinmmine, Cr(N H 3 ) 3 CI 3 , by 
heating at 270° in hydrogen chloride until the 
salt turns from palo red to green. This sub- 
stance reacts slowly with liquid ammonia to 
yield the original pentammine ; it is possibly a 
polynuclear compound and its properties are 
quite different from thoso of the substance of 
the same composition described by' Werner 
(J.C.S. 1010, 98, fiij, 0G0). If it is heated at 175° 
in hydrogen chloride, hygroscopic crystalline 
ammonium chromic hexnehlorido, 
(NH 4 ) 3 fCrCl fl ], 

is produced ; this substance reacts rapidly with 
gaseous ammonia with production of the 
original pentammine. If tho trinmmine salt is 
heated at 270° in hydrogen chlorido a salt having 
the composition 2CrCI 3 ,3NH 4 CI is formed, 
and is further slowly decomposed to anhydrous 
chromic chloride. 

Reineckc’s Salt, fCr(NH ? ) 2 (SCN)JNH 4 , 
t c t ra t h i o cy anaf odiamminochromiammonium 
(Annnlen, 1803, 126, 113 ; Z. anorg. Chem. 1893, 
1, 135). To three parts of NH 4 SCN in in- 
cipient fusion, one part of (NH 4 ) 2 Cr,0 7 is 
added in small portions. The red" mass is 
washed thoroughly with cold water and ro- 
crystallised from water or alcohol. Its solution 
gi\cs precipitates with tho heavy metals and 
organic bases, alkaloids yielding characteristic 
crystalline compounds — rcincckalcs (Koscnthnlcr, 
Arch. Phnrtn. 1927, 265, 319. For a modern 
preparation e. Dakin, Org. Syntheses, 1935, 15, 
71). 

Chromic Oxalates. — There is an extensive 
literature of these compounds, their double 
salts and isomeridcs (Beilstein, 4th cd. n, 522, 
523, Erg. II, 220, 227). Special interest attaches 
to tho blue potassium trioxnlatochromiato or 
Gregory's salt, K 3 [Cr(C 2 0 4 ) 3 ],3H 2 0, which 
A. Werner resolved into d- and l ■ forms by 
crystallising tho strychinc salt (Her. 1912, 45, 
3061). The active isomers possess very high 
specific rotation nnd rotation dispersion, 
.larger (Rcc. tmv. chira. 1919, 38, 171, “ Optical 
Activity," New York, 1930) found for the /-salt, 
[o] for 'A 4710, — -1S6 ’ ; A 5,700, 0 C ; A 5S00.+ 
515'. Potassium dioxalatodiaquochromiate or 
Croft's red salt. /ran*. K[Cr(C : 0 4 ) 2 (H,0) 2 ]. 
3H,0 is obtained from hot very concentrated 
solutions of K.Cr.O. nnd C.H.0 4 . The cis 
i'omcride is prepared by moistening a mixture 
of the powdered substances. With aqueous N H 3 
the ci's- salts become green, whilst trans- salts 
turn brown (A. Wcnicr <7 a!., Annnlen, 1914, 
•100. 261). 

For Detection nnd Estimation of Chromium, 
f'r Chemical Analysis. 

G. S. B. nnd J. N. G. 


CHROMOFORM is an orange-red crystal- 
line powder formed by the union of methyl 
dichromate and hexamethylenetetramine. 
Slightly soluble in alcohol andcold water ; readily 
soluble in hot water. The aqueous solution on 
boiling, or by treatment with neids or alkalis, 
evolves formaldehyde. 

CHROMOGEN AND CHROMO- 
PHORE u. Colour and Chemical Constitu- 
tion. 

CHROMONE, or benzo-y-pyrone : 

O 

^.CH 

1l 

3CH 


CO 

is obtained by the action of sulphuric acid on 
phcnoxyfumaric acid (I), whereby benzo-y- 
pyrone^- car boxy lie add (II) is produced. This, 
when heated in vacuo, yields benzo-y-pyrono 
(Ruhcmann and Stapleton, J.C.3. 1900, 77, 1179; 
Gombcrg and Cone, Annnlen, 1910, 376, 228). 

O 

^CCOjH 



PhOC-CO,H 

II 

HOjC-CH 



CH 


Chromone crystallises in colourless needles, 
m.p. 59°, and its yellow solution in cold sulphuric 
acid possesses a blue fluorescence. 

CHROMOTROPE or CHROMO- 
TROPIC ACID. l:8-Dihydroxynnphtlulcnc- 
3:0-disulphonic noid. 

CHRYSANILINE v. Acridine Dyestuiks. 

CHRYS ANTHEM IN. A monoglueoside 
of cyanidin (q.v.) isolated from tho deep red 
flowers of Chrysanthemum indicant Linn, by 
Willstattcr nnd Bolton (Annnlen, 1910, 412, 
136). Tho chloride C 21 H 21 O n CI-14 H 2 0 sepa- 
rated in red-violet leaflets. Hydrolysis of cltrys- 
nntherain yielded cyanidin (1 mol.) nnd glucose 
(1 mol.). The piernte, difficultly soluble in water, 
sintered at 165° (dccomp.). In its colour re- 
actions — blue-violet with sodium cnibonate, 
pure blue with caustic sodn, violet -red with 
sodium acetate, andpurplo with ferric chloride — 
nnd its high monoglycosidic distribution bet w i rn 
amyl alcohol and aqueous acid, it closely re- 
sembles astcrin (Willstattcr and Bolton, Annnlen, 
1916, 412, 1149) from tho purple-red aster, with 
which Robinson and Willstattcr (Bcr. 1928, 61. 
2503) have shown it to be identical. That the 
differences in crystalline form ami solubility 
between these pigments are due to slight 
impurities is suggested by Murakami, Rnlictt- 
son nnd Robinson (.T.C.S. 1931, 20G5) who 
have synthesised 3-/5-glucosidoxy-5:7:3':4'-tctrn- 
hydroxy finvylium chloride 
Cl 

O OH 

Hoffs' \c ( 4AOH 

i i 1 / 

_/*CO'C e Hj,Oj 

HO CH 
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and shown that it is identical with the chloride of 
chrysanthemin and of asterin and with the 
product of partial hydrolysis of the cyamdin 
3-dielucostde, rnekocyamn (IVlllsUttcr and 
Wed, Annalen, 1916, 412, 231) Chrysanthemin 
chloride is the second of the remarkable series 
of anthocyan glueosides which have now been 
synthesised by Robinson and his collaborators 
(see Ca lust mas). 

Chrysanththemin closely resembles the 
corresponding cyamdin 3 galactoside, idaein, 
from cranberries both in colour reactions and 
absorption curves, but differs from it m distribu- 
tion number (Grove and Robinson, J.CS. 
1931, 2723). 

Pigments identical with chrysanthemin haTe 
been isolated from mulberry fruit by Yamamoto 
(J. Agnc. Chem. Soc. Japan, 1934, 10, 1046), 
from the seed coat of Glycine Soja Benth. 
(“ Kuromame ") by Chika Kuroda and Mizu 
IVada (Proc. Imp. Acad. Tokyo, 1935, 11, 189) 
and from purple-husked maize by Sando, 
Milner and Sherman (J. Biol. Chem. 1935, 109, 
203). In the last case its occurrence together 
with a 3 glucoside of the closely related flavonol 
quercetin is quoted in support of the theory of 
flavonols as the precursors of the anthocyamns 
Jt must be noted, however, that cyamdin and 
quercetin glycosides are the most commonly 
occurring typeaof anthocyanin and anthoxanthin 
found in nature, so that their occurrence 
together need not be significant. 

R. and G M. Robinson have identified antho- 
cj aruna isomeric or identical with chrysanthemin 
in a great number of other flowers and trmt by 
means of their qualitative testa (Biochem. J. 
1931, 25, 1687; 1932, 26. 1647, 1934. 28, 
1712). 

Genetical investigations with the Chinese 
aster by IVit (Dissertation, Grdningen, 1936) 
show that while pigmentation by cyamdin 
monoglueoside is sometime* recessive to that 
by the corresponding 3 5-diglucoside of cyamdin, 
the cyamdin type of pigmentation is dominant 
to the pclargomdin type and recessive to the 
delphimdw type, the production of the differently 
oxidised anthocyamns probably depending upon 
the action of multiple allelomorphic genes 
(see Avthocyass). 

R. S.-M. 

CHRYSAROBIN (B.P.. U.S.P.) is a yellow 
crystalline mixture of substances obtained from 
Araroba or Goa pointer. The latter Tanea in 
colour from pnmrose-yellow to bronze and 
purple, and collects, possibly as the result of 
oxidation of the min. m the cavities of the 
stems and branches of Andira Araroba Aguiar 
(Pam. Leguminosze), a tree inhabiting the forests 
of Bahia (Aguiar, Pharm. J. 1880 [mj, 10, 
42; t / Greenish, thid. 814). The drug was 
formerly exported by the Portuguese from Goa, 
but its origin for a long time remained secret. 
Goa powder is usually mixed with woody frag- 
ments from which it is freed by sifting; it is 
sometimes termed crude chrysarobin By 
extraction of Goa powder with organic solvents 
(benzene, chloroform) there is left behind on 
evaporation a yellow crystalline powder, intro- 
duced In 1875 by a Bombay firm under the 
name Chrysarobin, which has since been included 


under this name in the British and United States 
Pharmacopoeias, and is used in skin affections. 

Chrysarobin was originally thought to be a 
pure, or nearly pure, substance; in reality it 
is a complex mixture, consisting chiefly of 
reduced di- and tri-bydroxymethylanthraquin- 
ones, which cry stallise together and are difficult 
to separate by purely physical means (cf. Hesse, 
Annalen, 1899, 309, 63). Later the name 
chrysarobin was applied to one of the pure 
constituents, but it is better to reserve this 
name for the commercial mixture. Tutm 
and Clewer (J.C.S. 1912, 101, 290) found the 
following percentage composition for three 
samples of commercial chirsarobin : 

1. Chrysophanic acid 7 

("-chrysophanol) 1 . kG3 7-2 8 9 

2. Emodin monomethylether 1 J 

3. Emodin . .... trace nil ml 

4. Crude anthranol of chryso- 

phanicacid ... 26 46 62 

5. Anthranol of emodin mono- 

methyl ether . . small amounts 

6. Monomethyl ether of de- 

hydroemodmanthranol 411 13 4 17*7 

7. Ararobmol . . . 4 2 4 1 nil 

8. Inseparable mixture of 

partly amorphous sub- 
stances 23 30 12 

1 About 3 or 4 parts or the former to 1 of the latter 
Of the«e No 1 is a methy Idihydroxyanthra- 
quinonc. No. 3 is a methyltnhydroxyanthra- 
qumone. Nos. 4 and 5 result from Nos 1 and 2 
respectively, by reduction ; they are derivatives 
of anthranol (9 hydroxyanthracene). No 6 la a 
less strongly reduced anthraquinone No. 7, of 
unknown constitution, is also an anthraquinono 
derivative, related to No. 1. 

Chrysophanic acid anthranol, Cj S H lt O a , has 
the constitution 

/C(OH)-. 

C s H,(OH)< | ^>C # H,(OH)CHj 
\CH— / 

and was called chrysarobin by Jowett and 
Potter (J C.S. 1902, 81, 1578). It is obtained 
from commercial chrysarobin by extraction with 
light petroleum; by shaking its chloroform 
aolution with sodium carbonate traces of 
emodin are removed, and after evaporation 
of the chloroform the residue is crystallised from 
much ethyl acetate, when it forms lemon- 
yellow scales, m p. 202° (core) (regenerated 
from its acetyl derivative the substance melts 
at 204°). It is insoluble in sodium carbonate, 
soluble in caustic alkalis to a yellow solution, 
which becomes red by passing air through it, 
whereby it is oxidised to chn sophanic acid. The 
change is complete in 2 hours, as shown by 
measurement of the oxygen absorbed (Tutm and 
Clewer. I e.). The re\ erse change is brought about 
by hydnodic acid at 130 a -14(T. Chrysophanic 
acid anthranol dissolves m sulphuric acid with a 
yellow colour; it forms a diacetyl compound 
CuH|,,0,Ac,. m p. 193", and a tnacetyf com- 
pound C ii H t O l Ac,, m.p. 238°. 

The anthranol of emodin monomelhyl ether 
wsa not isolated by Tutin and Clewer as aoch, 
but its presence was inferred from aerial oxida- 
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tion experiments, which converted it into emodin 
monomethyl ether. 

Tho monomtlhyl elhtr of dehtjdrotmodin- 
anlhranol, C, 0 H,jO 4 , is characteristic of ebrysa- 
rohin. According to Eder (v. infra), its con- 
stitution is most probably : 


HO C OH 



Turin and Clewer converted it by boiling 
hydriodio acid into emodin anthranol, a sub- 
stanco containing a methyl group less and 2 
hydrogen atoms more ; by oxidation with 
chromic acid they converted it into emodin 
methyl ether. 

Of tho substances 1-0 chrysophanic acid had 
also been found by Attficld, its anthranol by 
Jowett and Potter, and emodin monomcthylether 
by Ocsterlo and Johann (Arch. Pharm. 1910, 
248, 470), but this was tho full extent of the 
agreement among tho various investigators of 
chrysarobin until Eder (Arch. Pharm. 1915, 
253, 1 ; 1010, 254, 1) confirmed all the principal 
results of Turin and Clewer. He oxidised tho 
commercial substanco with air in alkaline solu- 
tion, and considers that hydrogen peroxide is 
formed in this reaction, and is responsible for 
further changes. Ho thus obtained tho following 
percentages : omodin 0-2, emodin methylether 
9-3, chrysophanic acid 22-7, dehydro-emodin 
anthranol monomethyl ether 18 (— chrysarobol 
of Hesso t), amorphous products 20. It should 
bo remembered that most of the chrysophanic 
ncid and some of tho emodin methyl ether were 
originally present ns nnthranols. In his second 
pnper, Eder ncetylntcd and benzoylatcd chrysa- 
robin and obtained by subsequent hydrolysis 
up to 14% of chrysophanic acid anthranol, 
up to 9% of emodin anthranol monomcthyl 
ether, and up to 4% of emodin monomethyl 
ether, but no chrysophanio acid. Tho chief 
discrepancy is that Eder did not find tho last 
of Turin and Clower’s substances, ararobinol. 
This, according to tho latter authors, has the 
composition Cj^H^Oj, and forms yellow cry- 
stals, decomposing without melting at about 
225°. It dissolves in alkali with a yellow- 
colour, but, like tho methyl ether of dchvdro- 
emodin anthranol, and unlike chrysophanic acid 
anthranol, it is not readily oxidised by air. 
It gives n delicate and characteristic reaction 
with sulphuric acid; a mere traco forms an 
orango solution, which on gcntlo agitation gives 
intense blue Btreaks ; tho solution then becomes 
green, and finally dull grey. Ararobinol gives a 
triaeetyl derivative (decomp, at 225°), is reduced 
by hydriodio ncid to dehydronrarobinol, and 
oxidised, hut not quantitatively, by chromic 
ncid to chrysophanic ncid. 

Chrysarobin i« occasonally employed inter- 
nally ns a purgative. Probably its chief con- 
stituent, chrysophanic ncid anthranol, docs not 
exert a purgative action until it has been 
oxidised in the alimentary canal (to chryso- 
phanic ncid), ns is the case with nloln (Meyer 
and Gottlieb, “Experimcntello Pharmakologi’e,” 


Berlin and Vienna, 1933, p. 240). The chief use 
of chrysarobin is, however, as an ointment in 
skin diseases (psoriasis), and tho activo con- 
stituent appears to bo tho anthranol of chryso- 
phanic acid. According to Unna’s experiments 
(BaudiBch, Ber. 1910, 49, 179), tho only active 
synthetic substitutes are the anthranols of 
1-hydroxy- and of I:8-dihydroxy-anthra- 
quinone. The latter, cignoHn, 


HO HO HO 



is moro active in psoriasis than the anthranol of 
chrysophanic acid (chryburobin), because it has 
not the dystherapeutic methyl group. 

Baudisch explains tho effect of tho 1:8- 
hydroxyls in accordance with Pfeiffer’s views by 
the formula : 


H H 



“ Dtrmol ” is prepared by precipitating a 
bismuth nitrate solution by a solution of 
chrysophanic acid in sodium hydroxide, 
“ Anthrarobin ” is the anthranol of alizarin. 

The different methods of extraction cause 
considerable variation in the composition of 
commercial chrysarobin and in its physiological 
action (Pharm. J. 1911, [iv], 87, 630). Hence 
Turin and Clewer consider it fallacious to ask 
for compliance with exact requirements. (The 
United States Pharmacopoeia states that 
1 g. of chrysarobin dissolves in 385 c.c. of 
alcohol, 13 c.c. of chloroform, 160 c.c. of ether, 
30 c.c. of benzene, and 180 c.c. of carbon bisul- 
phide at 25°.) Pure chrysarobin dissolves in 
concentrated sulphuric ncid with a yellow 
colour, and is insoluble in dilute sodium 
hydroxide ; concentrated sodium hydroxide dis- 
solves it with a green colour. Chrysophanic acid, 
on the other hand, yields a red solution with 
concentrated sulphuric ncid and dilute sodium 
hydroxide (Liebcrmann and Seidler, Ber. 1878, 
11, 1603). Another method to distinguish 
chrysarobin from chrysophanic acid is to mix 
0-05 g. with 0-2-0-3 g. sodium peroxide in a 
porcelain capsule, add 5 c.c. of alcohol, and 
after 5 minutes 15 c.c. of water. Chrysarobin 
yields a wine-lees colour, not destroyed by 
dilution with water, changing to yellow* on the 
addition of acetic ncid ; chrysophanic ncid 
yields a cherry-red colour, becoming brighter on 
dilution (Pincrua-Alvarez, Ann. Chim. Annlyt. 
1907, 12, 9). 

G. B. 

CHRYSATROPiC ACID. Methoxv 
derivative of wsculctin (C:7-dihvdroxvcoumarin). 

CHRYSAZIN v. Alizarin and Allied 
Dvestcffs. 
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CHRYSENE, C„H ir or 
C,H,-CH,. 

The highest boiling fractions of coal tar are the 
richest source of chrysene (for typical treatments 
of pitch, tee C. Zerbe and F, Eckert, Brennstoff- 
Chcm. 1034, 15. 28; J. W. Cook and C. L. 
llewett, J C.S. 1933, 395), although it occurs in 
tars from many natural products. It is formed 
by simple distillation of some natural fats, oils 
and resins, and by drastic dehydrogenation of 
many natural compounds possessing a related 
ring structure, e g cholic acid (L. Buzicka and 
co-workers, Ilelv. Chim Acta, 1934, 17, 200), 
toad poisons (H. Wieland and O. Hesse, 
Annalen, 1935, 517, 22), follicular hormone 
(A. Butenandi and H. Thompson, Ber. 1934, 
67, [BJ 140), Chiyseno arises also as a result 
of pyrolytic treatment of many simpler com- 
jiounds, eg phenol (A Hagemann, Z angew 
Chcm. 1929, 42. 355), tetrabn (N. A. Orlow and 
N. D. Lichatechew, Ber. 1930, 63, [BJ, 2179), 
natural gas (S. F. Birch and E. N. Hague, Ind. 
Eng. CLem. 1934, 26, 1008). The action 
of caustic potash at 300"-310° on indene yields a 
little chrysene (R IVeissgerber and C Seidler, 
Ber. 1927, 60, [11], 2088), and considerable yields 
are obtained from the same starting material by 
catalytic dehydrogenation over oxide and 
sulphide catalysts (B F. 409837), a similar 
expansion of an unsubstituted five membered 
ring haring been observed in the dehydrogena 
tion of perhydrofloorene to chrysene over 
platinum catalyst (N. Orlow and M. Belopolsky, 
Ber 1929, 62. [B], 1220). 

The need for synthetic approaches to con- 
densed cyclic sj stems of the stcroloid tjpe has 
resulted in the elaboration of several syntheses 
of chrjseno and near denvatives. Thus cyclo- 
hexanone and fi (1 naphthyl) ethyl magnesium 
bromide jield a tertiary alcohol which is 
tycksed to a by diochrj sene and then dehydro- 
genated with selenium (J \V. Cook and C L. 
liewett, J C S 1933,1093, 1934,305) Varia 
tions using A ,- fyei°hexenjl magnesium brorn 
ide (J \V Cook and A. Dansi, J C S. 1933, 500) 
or £ phenyl ethyl magnesium bromide (L. 
Bunchs, and 11. Ho*li, llelv. Chim. Acta, 1934, 
17, 470) with a-tetralone hare also been effected 
Again, an amorphous tetrahydrochry sene has 
been synthesised bj cjclismg B (2 phenanthrjl) 
propionic acid and reducing the resulting keto- 
tetrahydrocbrysenc by the Aemmensen method 
(K- D. Haworth and C R. M«vm. J.CS .933, 
1012). A third regent synthesis of the chrysene 
ring *r stem due to J von Braun and G. Irmiscb 
(Her. 1631, 64, 2461) and extended by R Robin- 
son and G Ramage (Nature, 1933. 131, 205; 
J.CS 1933, 007) consists essentially in a double 
cychsation of diphenyl adipic acid or its 
chloride to a mixture of isomcnc dikctobexa- 
hjdrocbrj senes 

Rc moral of other hydrocarbons from the 
ehrrrene fraction of coal tar with carbon 
duuljhide followed by further purification hr 
usual means j iclds chrysene w hich is pcrsirtentlr 
contauunaterl with a yellow impurity resisting 
reparation by crystallisation. but which may lx” 


removed by oxidising agents, t g perchloric acid 
(K. A. Hoffmann, Ber. 1910, 43, 10S6), nitric 
acid and alcohol (Lieberraann, Annalen, 
1871, 458, 299; see alio Schmidt, J. pr. Chcm. 
1874, [u], 9, 250, 270). Other methods recom- 
mended for the purification of chrysene arc 
separation through the characteristic 2 7- 
dmitroanthraqumone complex (Schmidt, Ic) 
and combination of the impurity with maleic 
anhydride (E. Clar and L. Lombardi, Ber. 1932, 
65, [B], 1411) For small quantities the method 
of chromatographic adsorption (c Chemical 
Analysis, Vol II, p 628) is suitable, A. Winter- 
atein and co workers haring identified the 
impurity (jee alto Ciirvsocen) as nrphthaccne 
(Naturwiss. 1934, 22. 237, Z. phjsiol. Chera. 
1934, 230, 146, 158). 

Pure chrysene forms colourless rhombic plates 
m p 250°, bp 443°, which exhibit in the solid 
state or in solution a red riolet fluorescence 
It is best characterised by the 2 7-dimtro 
antbraquinone complex (Schmidt, le , Haworth 
and Mavin, l c ). For a colour reaction of 
chrysene, tee Vitz (Chcm Ztg. 1907, 31, 445) 

Substitution products of chrysene are obtain 
able by classical methods but are of little 
immediate importance K Funke and J 
Ristic bar e recently determined the orientation 
of a number of chrysene denratires by con 
version to known carboxylic acids (J pr Cliem. 
1936, [u], 146, 151) The direct introduction of a 
carboxyl group by treatment with oxulyl 
chloride at 16O°-170° 13 noteworthy (Liebermann 
and Zsuffa, Ber. 1911, 44, 207, Wcitzenboik 
and Lieb, Monatsh 1912, 33, 551) as is also 
chrj soquinone, an o quioone obtainable by 
chromic acid oxidation of the hydrocarbon. 
Hy drogenation products arc also of interest, but 
complete agreement on the constitution of 
products of catalytic hydrogenation of chryscno 
has not yet been reached (J von Braun and 
G. Irmisch, Ber. 1932, 65, 883, A Spiiker, 
Angew Chem. 1935, 48, '368). A mixture of 
naphthalene and its hydrides results from 
pyrolytic decomposition of chrysene in presence 
of hydrogen o\cr ferric chloride at 440° (N. 
Orlow and N. Lichat9chew, Ber. 1929, 62, [BJ, 
719, 1378) 

Chryscno has not yet found extensive indns 
tnal use, although patents have been secured foe 
its use in the manufacture of dyestuffs Thus 1.4- 
quinones are condensed with an aminochry seno 
or a derivative of the same m high-boiling 
solvents and in presence of mild oxidising agents 
to yield pigments or, on further auiphonation, 
dyestuffs (F.P. 754987) Again, chrysene I* 
dinit rated, reduced to diarainochrynenc, and 
then subjected to a double Skraup synthesis 
to yield a dipyridinochryscnc, which is con- 
verted to a reddidi -yellow cotton dye on oxida- 
tion with chromic acid 

A H C. 

CHRYS1N. 5.7 dihydroxyflavone. 
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in obtained from poplar buds (Piccard, Bcr. 
1874, 7, 88; and Darier, ibid. 1894, 27, 21). 
It is a member of the qucrcitin series (Perkin, 
J.C.S. 1896, 69, 1443), and dyes cloth mordanted 
with aluminium a pure yellow ; with chromium, 
nn orange-yellow ; and with iron, a pale choco- 
late (Perkin, ibid. 1897, 71, 818). 

CHRYSO BERYL. Aluminate of beryllium, 
BeAI 2 0 4 , crystallising in the orthorhombic 
system, and used ns a gem-stone. It is usually 
met with as veil-formed crystals, which as a 
result of twinning often simulate hexagonal 
forms, or ns rolled pebbles in river gravels. 
Sp.gr. 3-65-3-75 ; hardness 8}, taking the 
third place amongst minerals, being exceeded 
only by diamond nnd corundum. Few minerals 
are so resistant to chemical reagents as chryso- 
beryl ; it is not attacked by acids nor fusible 
before the blowpipe, nnd is decomposed only 
by fused alkalis. Tho colour ranges in various 
shndes of yellow nnd green. Tho variety 
alrrandrite is emerald-green in daylight, but 
violet-red in lamplight. Another gem variety, 
known ns eymophane or “ oriental cat’s-cye,” 
shows a bluish milky band of reflected light 
which travels across the cons ox polished surface 
as the stone is moved about. Chrysobcryl occurs 
embedded in granite and crystalline schists. 
Material of gem quality comes from Ckylon, 
Brazil nnd the Urals. Colourless crystals have 
been found in tho ruby mines in Upper Burma 
nnd in tho Gold Coast in West Africa. By 
reason of its high degree of hardness it has 
occasionally been used for jewelling watch- 
bearings. 

L. J. S. 

CHRYSOCOLLA. A hydrated silicate of 
copper, sometimes of importance ns an ore of 
copper. Tho formula is usually given ns 
CuS10 a ,2H 2 0, but the composition is variable, 
tho mineral often being mixed with various 
impurities — silica, alumina, copper carbonate 
or phosphate, limonitc, etc. On these differ- 
ences in composition several trivial varieties 
havo been distinguished by special names. 
Tho mineral is of secondary origin, occurring 
in tho upper portions of deposits of copper ores. 
It forms encrusting or botryoidal masses, which 
may bo vitreous and translucent, resembling 
opal or enamel in nppearancc, or dull and 
earthy. The colour ranges from bright green 
to bright blue, nnd there is n wide range in the 
sp.gr., 2-0-2-8. Under tho microscope it some- 
times shows a minutely fibrous structure, nnd 
small nciculnr crystals from Idaho have been 
described, but with variablo and uncertain 
opticaldatannd.sp.gr. 2-4 (J.B. Umplcby, 1914). 
Intcrliandcd with tho microcrystallinc material 
is often some optically isotropic material, and 
for this amorphous equivalent of chrysocolla the 
name corn uitc lias been proposed (A. F. Rogers, 
1917). 

A variety known ns pilcl.y coppcr-orc (Gcr. 
Kupferptchtrz), dark brown or black in colour 
and with the nppenmneo of pitch, is of some 
importance as an ore of copper, particularly in 
Chile. It consists of a mixture of chrysocolla 
nnd limonitc (F. X. Guild, Amer. Min. 1929, 14, 
313). Chrysocolla of the more ordinnry type 
has been mined for copper in South Australia, 


Belgian Congo, Chile, Arizona, Idaho, etc. 
The name chrysocolla, from ypuao'r, gold, nnd 
Ko'AAa, glue, was applied by tho ancients 
to materials used for soldering gold, and 
included, besides certain copper minerals, also 
borax. 

L. J. S. 

CHRYSOGEN. The crude orange-yellow 
hydrocarbon responsible for tho yellow colour 
and green-yellow ultraviolet fluorescence of 
crude anthracene. Capper and Marsh (J. Amcr. 
Chcm. Soc. 1925, 47, 2847; J.C.S. 1926, 724) 
studying absorption and fluorescence spectra, 
concluded that chrysogon was either naphthn- 
cene (I), or l;2-benznnthracene (II) (see also Cook 
and co-workers, Froc. Roy. Soc. 1932, B, 111, 
469 ; Morgan, J.S.C.I. 1928, 47, 132). 
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Wintcrstcin, Schrin nnd Vetter (Z. physiol. 
Chcm. 1934, 230, 168) separated chrysogen 
from anthracene by chromatographic unalysis 
and completely identified it with nnpbtha- 
ccnc(I). 

CHRYSOLITE.n clear, transparent, yellow- 
ish green variety of olivine (MgFe) 2 Si0 4 . 

CHRYSONAPHTHAZINE e. AzrsKS. 

CHRYSOPHANIC ACID (Chrysophanol) 
V. ClIKYS.VF.OHIN. 

CHRYSOPRASE v. Chalcedony. 

CHRYSOTILE v. Asbestos and Seji- 
rENTTKE. 

CHRYSOTOLUAZINE v. Azines. 

CHUFA. Earth almond. The tubers of 
Cyperus csculcntus Linn., grown extensively in 
central nnd southern areas of the United States. 
The tubers, which are 0-5-1 -0 in. in length, 
hn\ c a nut-like flavour and arc said to rcscmblo 
the water chestnut. They are sometimes 
roasted and used as a substitute for coffee. 
The plant is nlso valued as forage for pigs. 
The fat content of the tubers averages 20-29%, 
starch 12-30%, nnd sucrose 15% (Power and 
Chcsnut, J. Agrie. Res. 1923, 26, 69; Piemcrts, 
Mat. Grasses, 1924, 16, 6674; Anon. Giom. 
Chim. 1933, 27, 297). 

Baughman nnd .Jamieson (J. Agric. Re=. 1923, 
26, 77) record a detailed examination of the oil 
and give the following characteristics : d 15 0-918, 
refractive index 1-4662 (25°), saponification 
value 191-3, iodine value 76-89, Reichert -Meissl 
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value 0-2. Polenske value 0-3, acetyl value 4 55, 
acid value 1*70. The calculated composition 
of the fatty acids is : 

Iigooceric acid , . . 0-3 
Atachidic acid . 0-5 

Steanc acid .... 5 2 
Palmitic acid . . . 11-8 

Jlynstic acid . trace 

Oleic acid ... . 73 3 

Linolic acid ... 59 

Unsapomfiable arid . .30 

A phytosterol, m p. 134 a -135°. wa3 also found. 
A related species, C. rolundus, from Japan, 
yields 1% of an essential oil which, according 
to Kimnra and Ohtani, contains 32% of cyperene 
IC.jH.A and 49% of cyperol (C..H..O). 

A. G. Po. 

CH'U-MA v China Grass. 

CHURCHITE. A hydrated phosphate of 
cerium (CCjO, 61 87%) and calcium, occurring 
as grey fan-liko aggregates of aeicular crystals 
encrusting quartz and slate in a Cornish copper 
lode. Unfortunately nothing is known of the 
exact locality of the mineral. 

L J. S. 

CHYMASEa synonym for Revket. 

CHYMOTRYPSIN. An active proteolytic 
enzyme obtained by the action of a minute 
quantity of trypsin on a crystalline protein 
contained in acid extracts of pancreas (Kumitz 
and Northrop, J. Gen. Physiol. 1935, 18, 433). 
This enzyme hydrolyses casern more slowly than 
trypsin but carries the hydrolysis further and 
attacks different linkages. 

E. F. A. 

C1BACET t. Acetate Silk Dyks. 

CIBANONE DYES. Blue O, 30. RA; 
\ Black B ; Brown B ; Olive B ; Orange R, 
/ CR ; Red 4B ; Violet BW ; Yellow R (e. 

, ANTnaAQCriORE Dyestcets. 

CICHORMN. Ci S H u O.,2Aq , m.p. 213»- 
215°, (a] D —101 5“, is the glycoside present in 
Cicftorium Intybus, chicory. 

It is isomeric with scsculin differing only in 
the position of the sugar residue. 

According to K. W. Men (Arch, pharm 1932, 
270, 47G), it is hydrolysed to glueose and cichon- 
genm. C % H % O v which is 6.7 dih^drnvycnumAzw.. 
In cichorun the glucose residue is attached 
to position 7. whereas in sescuhn the attach- 
ment is at position 6. 

When cichorun is first methylated and then 
hydrolysed, G.methoxy-7-hydroxycouinann, i.e. 
scopoletin, is obtained. 

CICUTOXIN, CkHjjOj, the poisonous 
pnnciplo in water-hemloek (Cieula tuyans) is 
contained in the tubers to the extent of 0-3- 
04%. It is found also In C. vfrosa. It is a 
yellow resin-hke substance which readily decom- 
poses and polymerises above 50°, it has d i% 
09059 and n" 1-5SS5. Unites energetically 
with bromine and ignites spontaneously in 
contact with strong nitnc acid. On dry distiUa- 
. tion it yields an oil, C.jH.jO,, of d»0 936. 
Distilled in a current of steam it gives an oil. I 
C| ( H u O, of a pleasant odour and which' 


gradually polymerises to a transparent semi- 
solid ream. On oxidation with nitric acid cicu- 
toxin yields carbon dioxide, oxalic acid, hydro- 
gen cyanide, isobutyrio acid, and acetyI-2- 
cyclopentanone, b p. 73 5°/15 mm. Compounds 
of cicu toxin with lead, banum, hydrogen 
chloride, ammonia, bromine and iodine are 
known. Cicutoxin appears to be a derivative 
of 4 pyrone (Jacobson, J. Amer. Chem, Soc. 
1915, 37, 916) ; it exhibita absorption bands at 
A 570-64 and A 650-CS0 (Svagr, Chem. Listy, 
1923, 17, 166). 

CIGNOLIN.tbe anthranolof 1.8 dihydroxy- 
anthraquinone (i\ Chrysarobis). 

CIDER or CYDER is a beverage produced 
from the juice of apples by alcoholic fermenta- 
tion. A corresponding beverage, perry, is 
made from the j uce of pears ; this so closely 
resembles cider in general type and qualities, 
methods of production, and centres of manu- 
facture, that for the purpose of this article the 
two drinks can be treated in common and 
distinctive reference only made to perry when 
occasion requires. 

Both are beverages of considerable antiquity, 
the earliest extant mention of cider in tins 
country relating to its production in Norfolk 
as far back as the thirteenth century. In 
France it was being made in the auth century, 
and probably still earlier. That country and 
Great Britain are the two leading producing 
countries at the present time, the output of the 
former in some years exceeding 400,000,000 
gallons and being many time# greater than that 
of the latter. The approximate area of the 
French cider fruit orchards, centred mainly in 
Normandy and Brittany, is 1,330,000 acres, and 
of the English 65,000 acres. The latter are 
situated principally in the counties of Devon, 
Hereford and Somerset, with Gloucester and 
Worcester next m order. Cider fruit and cider 
production also extend into Dorset, Monmouth 
and other counties adjacent to those named. 
In Norfolk and, to a Jess extent, Kent, cider is 
also made commercially, but in those districts 
cider varieties of apples are not grown on any 
considerable scale and “ market ” (■ e. eating) 
apples are used instead 

Cider in some form is made in most other 
i-ountnea in which apples flourish, but in their 
case lor the most part vintage varieties ol t'no 
fruit are not grown. In Europe Germany, 
Switzerland and Spam particularly ha> o 
gamed some repute for their cider. The 
beverage produced in tho United States and 
Canada in some quantity under this name has 
been during recent years mostly unfermented 
apple juice, although latterly in Canada efforts 
to develop the manufacture of the fermented 
article have been vigorously pursued. 

The initial definition of cider given above 
indicates a beverage with a material content of 
alcohol, and in France in particular tho use of 
the name is protected by law and must only bo 
associated with beverages conforming to certain 
specified legal standards. Other countries vary 
in the extent and methods of protection and in 
some they are practically non existent. Thua un- 
der the general name of cider there are to be found 
beverages of an extremely wide rang® of types. 
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differing in respect of original juice content, 
chemical composition, and form of presentation. 
In tho matter of juice content France, for 
cxanlple, enforces the application of specific 
forms of name designation indicating (a) whether 
tho article is produced from undiluted or diluted 
juico and, if the latter, ( b ) the degree of 
dilution. 

In England no legal standards havo been formu- 
lated, but under a regulation of the Ministry of 
Health, which came into force on January 1, 
1027, no preservative except sulphur dioxido is 
permitted. Tho maximum content of sulphur 
dioxido allowed is 0 02%, which is equivalent 
to 14 grains per gallon. Tho introduction of a 
National Mark Schomo for Cider in 1931 by the 
Ministry of Agriculture and Fisheries has led, 
howover, to tho establishment of a voluntary 
standard for English ciders which must bo 
attained before the ciders are entitled to bear tho 
National Mark. According to this standard, 
tho cider must bo mado from apples grown in 
England and Wales. It must bo made from 
cither tho pure juice of apples or a diluted 
juico containing not more than 25% of its own 
volumo of a syrup of pure cano or pure beet 
sugar. Tho original specific gravity of tho 
juico must not bo bolow 1-040 and tho percentage 
of volatilo acid (as acetic) must not exceed 
0-3%. 

Tho chemical composition of cider in relation 
to tho contents of alcohol, sugars, acid, and 
tannin is very variable and is responsible for a 
scries of types of tho beverage differing widely 
in tnsto nnd physiological action. Total sugar 
content determines tho classification under tho 
heads of sweet, medium, dry nnd extra dry, 
tho percentage ranging from G-7% by weight 
or over in tho caso of sweet ciders to below 1% 
in tho caso of tho extra dty types. Alcoholic 
strength tends to vary in the opposito direction 
nnd may bo but little over 2% by weight in sweet 
ciders nnd exceeding 5-C% in dry and extra 
dry: in special cases, where a higher content 
is required, this generally cannot bo obtained 
directly from untreated pure juices on account 
of their limited initial sugar content nnd is 
provided cither through tho fermentation of 
ndded sugar or by direct fortification with spirit. 
Tho latter methods make it possible to secure a 
high alcohol content, oven in tho sweeter types. 
Acid nnd tannin determine tho degreo of acidity, 
nnd astringcncy nnd bitterness, respectively in 
tho flavour. Ciders containing over 0'4% of 
malic ncid rnnk ns brisk ciders nnd tho low-acid 
types generally rnngo in acidity between 0 2 
nnd 0-4%. A tannin content in excess of 0-2% 
communicates n definito “ bittersweet ” charac- 
ter to tho flavour nnd is generally accompanied 
by nt least a fnir degreo of fullness in body ; 
below that figure this “ bittersweet ” character 
is normally not marked on the palate. Ciders 
of a low-ncid, somewhat bittersweet character 
nre generally favoured in France ; in Great 
Britain a brisker, less bittersweet typo is in 
most demand except in the cider-mnking 
country districts, where a rougher and more 
bitter, dry typo suits the local taste. 

Cider is supplied cither in cask or bottle. 
Draught cider in the wood is usually still or 


nearly so, any slight sparkling condition being 
generally tho result of a slow after-fermentation. 
In bottle, sparkling cider is tho rule, the carbon 
dioxide to which tho “life ” is due being secured 
mostly by natural conditioning in tho bottle 
or by artificial carbonation prior to bottling. 
Tho latter method predominates in commercial 
production. A third type of sparkling cider is 
that produced bythe true "champagne" method, 
tho liquor being first Btrongly fermented in 
bottle and then disgorged to remove all sedi- 
ment. 

Although a beverage coming within tho 
ordinary definition of cider can be made from 
any kind of apple, the result is likely to bo 
inferior and lacking in commercial appeal 
unless either the fruit is composed of vintage 
apples exclusively or of a mixture in which 
vintage fruit is the predominant constituent, 
or, alternatively, special methods of treatment 
are adopted. Fruit falling within the class of 
“ eating ” apples, i.e. dessert and culinary 
varieties, is characterised by a deficiency of 
tannin and, usually, an excess of acidity from 
the vintage point of view. Cider made there- 
from by usual procedure is typically thin, lacking 
in body nnd character, more or less oversharp 
(according to tho variety), poor-coloured, and 
coarse-flavoured as a result of an excessive rate 
of fermentation of the juice. 

Since in practico apples unsuited for dessert 
or culinary purposes are normally sent to tho 
cider mills, thoy tend undeservedly to bo ranked 
ns vintago fruit. Strictly, that term should bo 
reserved for varieties yielding a juice which by 
fermentation and after-treatment will produce a 
cider of good quality in its particular class, 
irrespective of any blending requirements. 
Quality in this connection includes characters 
such as aroma, flavour (in respect of fruit 
character as distinct from tho aspects duo 
purely to sugars, acids, nnd tannins), body and 
low nitrogen content. Tho sum total of such 
characters may bo expressed by tho term 
“ vintago quality.” A cider apple proper 
may, therefore, bo defined as one normally 
possessing vintago quality of a satisfactory 
order. 

Tho individual varieties of cidor apples show a 
very wide range of composition in respect of 
constituents which are of vintago importance. 
Sugars, for example, may range from 7 to ovor 
20%, malic acid from 0-1 to over 1-5%, and 
tannin from 0-1 to over 0-6%. The specific 
gravity of tho juico ranges generally between 
1-035 and 1-090. Although not nn exact index 
of tho total sugar content of tho juice owing to 
tho presence in tho juice of other solublo solids, 
tho specific gravity affords a very fair approxi- 
mation, by far the greatest proportion of tho 
solublo solids being sugars. A juice with a 
specific gravity of 1-040 usunlly contains 
about S% of total sugar ; of 1-050, approxi- 
mately 10% ; and of 1-000, approximately 
14 %. 

Cider apples are classified according to tho 
chemical composition of their juico in respect 
of tho amounts of malic acid nnd tannin 
normally present. They fall into three main 
classes — sharp, sweet, and bittersweet. 
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As a result of the examination of a large 
number of English cider apples an extended 
classification enabling varieties to be grouped so 
that their blending requirements may be 
closely indicated has recently been prepared 
by the Long Ashton Research Station, which 
serves as the research centre for the cider 
indoatry in this country. 

This classification 13 as follows : 

Sharp Class. — Group I. — Full Bittersharp 
(Fonrhelp Type). Varieties with juices normally 
containing not less than 0-"5% malic acid and 
0-18% tannin. 

The members of this group are very acid 
in taste. Their ciders are too sharp and 
too much inclined to bitterness for use un- 
blended. 

Group II. — Full Sharp (Frederick Type) 
Varieties with juices normally containing not 
less than 0-75% malic acid and not more than 
0- 1 8% tannin 

Ciders made from these varieties alone are 
too sharp and generally lack body. 

Group III. — Medium Bittersharp (Kingston 
Illacl Type) Varieties with juices normally 
containing between 0-t5 and 0-75% maho acid 
and not less than 0-18% tannin 

Into this group fall most varieties that yield 
palatable and well balanced ciders unblended, 
Kingston Black being the outstanding example 
In some instances and in certain seasons, 
especially when body is lacking or some trait 
of flavour is abnormally prominent, blending 
pves an improved beverage , m such instances 
they require the addition of an already balanced , 
blend in quantity sufficient to give the character j 
sought for 

Group II —Medium Sharp (Ijongvorthy 
Type) Varieties with juices normally contain- 
ing between 0-45 and 0 75% malic acid and 
not more than 0-18% tannin. 

For this group, owing to the low tannin 
content, blending with '* bittersweet " material 
is generally essential. Only infrequently can 
blending be dispensed with Because of the 
medium acid content the matenal used for 
blending needs to be already balanced in 
respect of acidity. 

Ciders made from the varieties of this group 
unblended, while usually of about the eight 
standard of acidity, generally lack body and 
sufficient '* tannin ” character. 

Sweet Class. Group f. — Sweet (Street 
Alford Type). Varieties normally containing 
less than 0-45% malic acid and less than 0-18% 
tannin. 

The members of this group are the “ sweet " 
varieties proper. By themselves they generally 
yield eiders insipid to the palate because of 
deficiencies of acid and tannin. 

Bittulsweet Class. Group VI. — Mild 
Bittersweet (Belle Norman Type). Varieties 
normally containing less than 0-45% malic acid 
and between 0-18 and 0-25% tannin. 

This group is sufficiently numerous to justify | 
its sejMration from Croup V. It includes a type 
of variety that is on the border line between the 
** sweet " and “ bittersweet " classes. While 
in many seasons chemical analysis place* several I 


of them in the “ sweet ” class, the palate usually 
ranks them as mild M bittersweets " Their 
ciders unblended resemble those of Group V, 
but with rather more character. 

Group VII. — Medium Bittersweet ( Knotted 
Kernel Type). Varieties normally containing 
not more than 0-45% malic acid and approxi- 
mately 0 25-0 4% tannin. 

This group is closely described by its title 
“ medium bittersweet." Ciders made from its 
members unblended have that character very 
definitely marked as well as distinct lack of 
acidity. The tanrun percentage varies con- 
siderably with moat varieties according to 
season — this applies to Groups VI and VIII 
also— and occasionally places them chemically 
m the Group VI range ; but the palate marks 
them almost invariably as “ medium bitter- 

Group VIII. — Full Bittersweet (Strawberry 
Norman Type). Varieties normally containing 
not more than 0-45% malic acid and not less 
than 0-4% ta nnin . 

Members of this group are pronounced 
“ bittersweets ’’ with the tannin character 
generally overwhelming to the palate That 
feature distinguishes their ciders from those of 
the Group VII varieties, which otherwise they 
closely resemble. Not infrequently this charac- 
ter renders it impossible to use them in blends 
except m low proportions. 

While the chemical composition of the apple 
does not necessarily indicate the value of that 
apple for cider making, nevertheless vintage 
quality is closely correlated as a rule with the 
composition of the juire. Apple juice is a liquid 
containing many constituents, of which the chief 
in quantity are the sugars (lasvulose, glucose, 
and sucrose), malic acid, tannins, pectin and 
minerals. Typical analyses of three \ aneties of 
French apple juices are given in the following 
table : 



Sedan 

St.Martln 

Bouteille 

Density of juice . 

1063 

1060 

1055 

Water 

83"l5 

8434 

85*75 

Glucose and. Irva- 





1110 

1000 

9 10 

Sucrose 

1-40 

1-40 

1 30 

Malic acid 

0 28 

0 28 

0-30 

Nitrogen . . . 

0-055 

0 062 

0 064 

Tannins . 

0-15 

012 



0 32 

0 51 

042 

Ash .... 

0 23 

0 36 

0 34 

Unidentified com- 




pounds, fats. 




sorbite, etc. 

3 315 

2 948 



100 000 

100 000 

100 000 


The nature of the ash constituents and the 
approximate quantities of the individual con- 
stituents are shown m the table on p. 123, which 
have been obtained by the analyses of three 
typical French ciders. 
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Illc-ct- 

Vilalnc 

Mnnchc 

Scine-Inf. 

Silica 

% 

0-0017 

O' 

0-0010 

O' 

0-0020 

Phosphoric acid . 

00229 

0-0205 

0-0225 

Sulphuric acid 

00145 

0-0065 

0-0225 

Chlorine . 

00023 

0-0020 

0-0225 

Iron nnd alumin- 
ium oxides . 

0-0017 

0-0015 

0-0225 

Calcium . 

0-0050 

0-0042 

0-0100 

Magnesium 

0-0037 

0-0080 

0-0150 

Potassium 

0-0970 

0-0133 

0-0730 

Sodium 

0-0020 

0-0021 

0-0015 

Total ash . 

1-0805 

1-0980 

2-0787 


Apple tannins have not been very closely 
studied, but they resemble more the products 
from coffee, cachou, or quinquina than oak-gall 
tnnnin. Their oxidation by means of an oxidase 
is mainly the cause of the characteristic amber 
colour of riders. 

Thu nitrogenous compounds of apple juice 
consist of complex proteins, acid amides, and 
traces of ammonia. In freshly expressed juices 
the nitrogen content usually ranges from 0-15 
to 003%. During the course of fermentation 
a mntcrinl quantity of the nitrogen content is 
removed owing to its assimilation by the yeasts 
and the residual amount in most finished ciders 
is approximately 001%. These constituents 
have an important bearing on the quality 
of the cider since they are mainly responsible for 
the rate of fermentation of the juice. If the 
nitrogen content is high, the fermentation of the 
juice is rapid and a coarse typo of cider results. 
A low content of nitrogen is associated with a 
slow rate of fermentation and a product of 
superior quality. 

'1 lie composition of tho juice of any individual 
variety is subject to considerable variation, both 
from year to year and when obtained from 
samples of fruit grown under different local 
conditions. Many factors influence its com- 
position. Among these the more important are 
climate, soil, condition of ripeness of fruit at 
the time of expression of tho juice, methods of 
culture of the tree, age of the tree, the size of 
the crops home by the tree during the previous 
two or three years, and manorial treatment 
given to tho tree. 

Perry pears may ho distinguished from 
other varieties of pears by their possession of 
superior vintage quality, as in the analogous 
cai-e of the cider apple already referred to. 

I he same general remarks as regards com- 
position and its liability to variation apply in 
• heir ease too. Owing to their relatively small 
number, no systematic classification 1ms hither- 
to been established. Tho features of any 
cl.i'-sification, if f miniated, would probably 
follow along very similar lines to tiiosc of the 
upplc classification outlined above. 

fhe possession of high vintage quality does 
not neec#«:trily entitle t ho variety in question 
•o a place in a selected list of varieties to be 
ft commended to growers for culture. What 
»nav ho comprehensively termed the “orchard 
qualities " of the variety have also to lie taken 


into account for economic rensons. Thus, for a 
variety to qualify for inclusion in a selected 
list, it must attain a suitable standard in 
respect of both vintage and orchard quality. 
The important charac'-rs concerned with the 
orchard quality of a .aricty are the capacity 
of the tree to grow adequately and to maintain a 
reasonable Btate of good health over a long 
period of years under grass orchard conditions, 
freedom from serious susceptibility to damage 
from insect pests and fungus diseases, good 
cropping quality, and individual fruits of at 
least fair size. 

During the past quarter of a century both 
the vintage and orchard qualities of many 
varieties of cider apples have been investigated 
and, ns a result, the list on page 124 of approved 
sorts prepared by the Long Ashton lie search 
Station. Some of the varieties included in 
the list, such as Kingston Black, Foxwlielp, 
and Cap of Liberty, need to be grown under 
suitable local conditions and on appropriate 
soil, but most of the varieties named can be 
recommended where local conditions are 
favourable for apple culture in general. 

Cider apples and perry pears are normally 
grown in grass orchards, the type of tree being 
that known in horticulture ns a “ standard,” 
a form with a single main stem at least C ft. in 
length from ground level to the beginning of tho 
head of the tree. This type of tree is necessary 
to enable use to bo mndo of the grass sward of 
tlie orchards for grazing by livestock. Cultiva- 
tion in grass is preferred to cultivation in tilled 
land on account of reduced costs of cultivation, 
tho better harvesting conditions for the fruit 
and the lower nitrogen content obtained in the 
juice. Tho individual trees should stand a 
minimum of 30 ft. npart and many strongly 
growing varieties need a distanco of 35 to 40 ft. 
apart. An adequate and economic control of 
pests nnd diseases can bo obtained by spraying 
in alternate years with nn egg-killing winter 
wash and a spring spraying with lime-sulphur 
respectively. The sward of the orchard should 
be kept close by grazing. After tlie heads of tho 
trees have been suitably shaped and established 
in their earliest years little pruning is required 
beyond an annual overhaul to remove any 
interiacingordyinganddead branches. Orchard 
management along these lines is now being 
more nnd more extensively practised, but the 
older generation of orchards in the West of 
England nffords many examples of the deplorable 
results of neglect of proper management. • 
The earliest-ripening varieties of cider apples 
begin to ripen in September and tho latest are 
not fit to gather until the early winter. The 
correct timo for harvesting needs to ho decided 
for each variety separately ; it is when the apples 
fall freely when the tree is lightly shaken. 
Premature harvesting means a loss of quality 
in the ultimate cider, since tiic fruit does not 
acquire its full vintage quality until it has 
ripened to a comparatively mature state on 
the tree. Normally the fruit at this stage of 
maturity has not yet reached its optimum 
condition for cider-making and needs to be 
stored fora period before that point of conditien 
is reached as a result of the conversion of 
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Harvesting season. 

St me of vintage class o' variety. 

Sharp. 

Sweet. 

Bittersweet. 

Early (to mid October) 

Backwell Red 

Court Royal 

Belle Norman (syn 
Perthyres) 

Major 

Royal Jersey II 

White Jersey 

White Norman 

2Jid-ttason (mid- 

October to early 
November) 

Cap of Liberty (eyn. 

Red Soldier) 

Dymock Red 

FairMaidofDevon 

Foxwhelp 

Frederick 

Kingston Black 
Langworthy (syn. Sour 
Natural, Wyatt's 

Seedling) 

Porter's Perfection 
Rejuvenated Forwhelp 
Stoke Red 

Yellow Styre 

Berkeley Pippin 
Eggleton Styre 

Sweet Alford 

Sweet Coppin 
Woodbine H (syn. 
Northwood, Sweet 
Woodbine) 

B aimer's Norman 
Ellis' Bitter 

Knotted Kernel 
Masters' Jersey (tyn. 
Harry Masters' 
Jersey) 

Royal Wilding 
Tremlett's Bitter 
Yarbngton Mill 
Jersey 

LaU (November and 
later) 

Crimson King 

Lam brook Pippin 
Remette Obry 

Woodbine I (syn 
Slack-ma Girdle) 

Dabinctt 

Dove 

Medaille d'Or I 
Michclm 

Heine de Fomtnes 
Silver Cup 

Tardive Forestier, 


Starch to sugars and vanoiu changes m the 
pectin and other constituents During this 
period of storage the apples can be kept either 
under cover or outdoors, provided that in the 
latter case the lowest layer of fruit in. the 
heap does not rest directly on the ground. 
If that occurs, there is risk of an earthy taint 
being acquired and transmitted m due course 
to the cider. Storage on a bed of straw or 
rough boarding provides the necessary security 
against this nsk. From the foregoing it follows 
that it is undesirable to mu in the same heap 
of fruit apples of widely varying conditions of 
ripeness. Uniformity of ripeness is essential if 
the best results are to be obtained. 

When the fruit is adjudged to be fit for milling 
the practice in np- to- da to factories is to wash 
it as thoroughly as possible before passing it on 
to the mill. This operation of washing is of 
relatively recent introduction into cider- 
making routine and serves the double purpose 
of thoroughly cleansing the fruit and affording 
a convenient and simple opportunity for the 
removal of any appW which may have rotted 
during storage. It has also been found that 
the infrequent management of the fermenta- 
tion of the juice is easier and the clarifica- 
tion processes rendered quicker and more 
thorough. 

For the expression of the juice considerable 
improvements have been introduced in recent 
years in the nature and construction of the 
mills and presses and the accessory equipment. 


Most modem cider mills are of the grater type. 
These, with their high speed of 2,000 revolutions 
a minute, are capable of reducing fruit to a 
very finely divided pulp m a short space of tune. 
A mill of average sue can deal with a ton of 
fruit in 10 minutes or less. Most of the newer 
presses installed are of the hydraulic type. 
The milled fruit pulp— the “ pomace ’’ — is 
built up on the bed of the press into a ** cheese,” 
as it is technically termed. The accessories used 
m juice extraction are devised to facilitate the 
rapid and complete expression of the juice and 
ita free drainage from the " cheese " of pulp. 
For this purpose a wooden slatted drainage 
rack is first placed on the bed of the press 
and on it is laid a netted or open-meshed cloth 
of cotton or other suitable fibre. In this the 
pomace is received and spread evenly as far 
as the edges of the drainage rack until a layer of 
pomace about 3 ins, in thickness is obtained. The 
overlapping sides of the cloth are then wrapped 
over the pomace layer and above this a second 
rack is placed and the same procedure repeated 
until a “ cheese ” consisting of about seven 
tiers or layers of pomace is obtained. 
The press is then put in action and 
in the course of from 15 to 30 minutes the bulk 
of the available juice is expressed, the individual 
layers of pomace being compressed so tightly 
that the drainage racks above and below 
each are nearly in contact. 

It is usual to press the pomace immediately 
after delivery from the m3!, but many otd 
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cider makers prefer to allow the pomace to stand 
in tubs for from 12 to 24 hours before pressing. 
This maceration was found, when the older types 
of mills and presses were used, to facilitate the 
subsequent expression of the juice and was 
believed also to improve the vintage quality of 
the liquor. Occasional makers still adopt this 
practice but, with the modern machinery now 
widely used, it is doubtful if any advantage is 
derived from it. With the use of modem 
equipment it is possible to obtain from 75 to 80% 
of the original weight of the fruit as juice, if 
tho fruit used is in good condition and at a 
suitable stage of ripeness. With older types of 
machines a yield of 70% must bo ranked as 
above the average. 

The residual pressed pomace after tho expres- 
sion of the juice in tho manner described con- 
tains about 70% of its weight in tho form of 
juico which cannot be expressed by a single 
pressing. Many makers break up the cakes of 
pressed pomace into a fine state of division by a 
suitable machino and subject this pulverised 
pomace to a further pressing. By so doing an 
additional yield of about 20 gallons of juice per 
ton of fruit can bo obtained. It depends upon 
tho valuo of tho particular juice in question 
whether or not this second pressing is economic. 

With modem equipment and fruit in good 
condition tho average yield of juico per ton of 
fruit should approximate to 160 gallons. 

In France, instead of tho juico being expressed 
in this manner it is sometimes obtained by 
extraction from tho thinly sliced fruit by a 
diffusion process similar to that used in tho beet 
sugar industry'. This method has also been 
tried by some English cider makers, but has not 
been generally favoured. 

Tho freshly expressed juico is a turbid liquid, 
somowhat viscous owing to its rather high 
pectin content, and ranging in colour from a palo 
straw tint to a deep amber-brown. Its colour 
generally can be correlated approximately with 
its acid and tannin contents, acid tending 
towards tho paler shades and tannin towards the 
deeper; thus a high-acid low-tannin juico is 
usually very pale and n low-acid high-tannin 
one dnrk, while a high-acid high-tannin sample 
as a rulo is decidedly darker than one of similar 
acidity but less tannin. Held in suspension in 
the juice are fragments of fruit tissue of varied 
sue, tho amount and character depending to 
some extent on tho state of ripeness of the 
fruit at the timo of milling and largely also 
on the degree of fineness of milling and tho form 
of construction of the cheese and tho kinds of 
cloths used. The coarser material is removed 
by straining the juice through a finc-meshed 
sieve after it leaves tho press; but normally 
sufficient suspended solid matter remains in 
the juice after Bicving to render it desirable to 
take other steps for its removal, so that the 
fermentation vessels may be kept in cleaner 
condition and risks of flavour depreciation due to 
its presence during fermentation reduced as 
far ns possible. A fair clarification of the juice at 
tins stage is mostly effected in practice by one or 
m . 01 following three ways. Centrifuging 
•ac juire usually is effective to a high degree, 
out at present few makers outside the larger 


factories possess appropriate centrifuges. Effec- 
tive filtration of tho juice would servo, but j'b 
difficult to attain, and also very slow, owing to 
the presenco of pectins. A simple method is that 
of “ keoving,” which consists in allowing tho 
juice to stand at rest for a period of soveral days 
(until fermentation becomes active) in a large 
open vat. Defecation occurs, most of the 
suspended matter rising to the surface and 
forming a more or less denso head easily 
removable by skimming and the bulk of the 
remainder sinking to the bottom of the vat to 
form the lees, which are separable by racking at 
the appropriate time. The chief drawback to 
the “ keeving ” method is the acetic fermenta- 
tion which invariably occurs, Bometimos to n 
slight or even negligible extent when the juices 
are prompt in coming into active fermentation, 
but at others to a degree leaving permanently 
in the prepared cider a distinct taint of aroma 
and flavour. To minimise this action keeving 
at low temperature (35°F.) has been adopted 
with Borne success whore facilities for chilling 
are available. The most primitive method of 
juico clearing is still tho simplest and the one to 
be advised usually when a centrifuge is not 
available. In this the freshly expressed liquor 
is placed at once in tho fermentation casks and 
allow’ed to stand there with the bung open 
pending the onset of active fermentation. This 
is associated in its earliest stages with tho 
formation of a thick, sticky head of foam, which 
as formed carries with it much of the suspended 
material to the open bung-hole where it is 
extruded over the Bides of the cask. Within a 
few days generally this phase passes, active 
fermentation takes charge and then, for the first 
time, it is desirable to insert in tho bunghole a 
bung fitted with a modem form of vent-tube 
which permits tho evolved carbon dioxide to 
escape and prevents any atmospheric oxygen 
reaching tho liquor. 

After the preliminary clarification of the juice, 
by whatever method adopted, the fermentation 
process is allowed to proceed uninterrupted until 
it has reached tho desired point. The great 
majority of cider makers allow the juice to fer- 
ment “ naturally,” in which case tho wild 
yeasts which occur on the skin of the apple and 
are washed into tho juico during tho milling 
and pressing operations are the active micro- 
organisms concerned. Other makers, however, 
control tho nature of tho fermentation by tho 
use of selected yeasts, cultures of which aro 
added to the freshly expressed juice in quantity 
sufficient to dominnto tho fermentation which 
takes place subsequently. Moro complete 
control can be obtained by the pasteurisation of 
tho juico before the addition of the pure yeast 
culture ; but this method is open to the draw- 
back that the pasteurisation of the juice afreets 
its flavour to some extent. 

In the natural fermentation soveral different 
kinds of yeast aro usually concerned. During 
the course of the production of the beverage 
three distinct phases in the micro-organism 
flora, characterised by the predominance of 
certain yeast types, occur. In the initial stages 
of fermentation yeasts of the apiculatus type aro 
relatively numerous. During the most’ active 
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stages of fermentation which follow, yeasts of 
the certrisiae, tlhpsoidtus, and Fatlonanus types 
are predominant. When active fermentation 
has been completed the residual flora is charac- 
terised by the presence of a relatively large 
proportion of email-celled yeasts of the Torula 
class. At this stage also there is generally an 
increase in the proportion of bacteria to yeasts, 
unless the later stages in the production of the 
beverage are very carefully managed. 

Two distinct courses of procedure in con- , 
nection with the fermentation stage are open 
to the cider maker. Under the older method 
the juice is permitted to continue to ferment 
until active fermentation romes to a natural end. 
When that point is reached steps are taken to 
clarify by racking or other methods described 
below. With this method the ultimato character 
of the cider as regards sweetness depends only 
upon the extent to which the natural fermenta 
tion of the juico is earned This varies greatly 
with different juices and is determined mainly by 
the content of soluble organic nitrogenous com 
pounds suitable for yeast nutrition in the juice 

The alternative method open to the cider 
maker is tho one of “ checked fermentation." 
which has for Its object the retention of a degree 
of natural sweetness in the liquor desired by the 
maker. This necessitates bringing active fer- 
mentation to a standstill when the corresponding 
point of specific gravity ls approached Racking 
for this purpose is unreliable, although occasion- 
ally stoppage of fermentation can be obtained 
in this way when tho nitrogenous content of the 
juice is cvcepttonally low Filtration is far 
more effective, provided that pulp filters of a 
fairly modem type are used The most recent 
way which has lien found to give the maker a 
high degree of control— as well os other advan 
tages — is to centrifuge the fermented liquor 
when the desired point of specific gravity has 
been reached 

In the production of sweet ciders the maker 
using tho " checked fermentation " method 
obtains a beverage with a part of the natural 
sweetness of tho apple retained, for which he 
must rely on tho efficiency of his method of 
checking the fermentation Under tho older 
method the degree of sweetness left in the liquor 
at the end of tho fermentation is very variable 
in different cases and generally insignificant in 
amount ; the required sweetness has then to be 
provided by tho addition of sugar. For the 
production of dry ciders fermentation is allowed 
to proceed in any case until it comes to a natural 
end. 

At the end of tho active fermentation jvenod, 
whether this has been achieved artificially or 
not, the liquor is placed in clean, tightly-bunged 
tasks and allowed to mature for n period For 
tho storago of eider in bulk large reinforced 
concrete vessels lined internally with glass tiles 
or an impermeable, tasteless, and odourless 
material unacted on bv cider are being used to an 
increasing extent and displacing the large w ooden 
vats u«ed hitherto 

Generally the liquor reaches the penod when 
it is sufficiently mature for consumption 
during the course of the spring following the 
autumn or winter in which it was made. A 


longer storage period sometimes gives an 
improvement in quality, but more usually a 
cider is at its peak of quality during the late 
spring and summer of its first season. 

Before it is placed on the market for con- 
sumption some degree of refining is required. 
For draught eider a final filtration through a 
pulp filter is adequate; the same applies to 
bottled ciders intended for natural conditioning. 
Since, however, cidera refined in this way are 
subject to the risk of certain bacterial disorders, 
such as eider “ sickness " and Rectification, a 
bactena-proof filter has been adopted in recent 
practice to obtain a sterile beverage . the liquor 
in that event has to be conditioned for 
bottling purposes by artificial carbonation. 

In bottling cider two methods are generally 
used The older method, in which the liquor is 
allowed to condition itself naturally in the bottle 
by a slow after-fermentation, is somewhat 
uncertain in its results and has been largely 
displaced latterly by tho method of artificial 
carbonation. In the former method ruler re- 
quires to be bottled at tho correct time in its 
life This varies according to tho individual 
eiders concerned and considerable experience is 
required to determine when a given cider 
has reached tho best time for bottling ; if 
bottled too soon, the liquid becomes overcharged 
with gas and an excessiv o deposit is formed in 
the bottle, if bottled too late, little or no after 
fermentation occurs in bottle, the liquid 
accordingly remaining flat and being frequently 
disfigured by the development of ‘ tints" 
resulting from the growth of arctic bacteria. 
As a rule bottling under this method should bo 
done lx tween mid February and early May 
vn the spting following making. The carbons- 
tion process of bottling has the great advantage 
that the cider can be bottled at any time of the 
year in condition for immediate consumption, 
while tho problem of deposit does not an«e. 
When ciders which havo been sterilised by 
filtration through bacteria proof filters prior to 
bottling are used, all parts of the bottling plant 
as well aa the bottles and corks must be sterilised 
to prevent re infection with micro organisms 

The chemical comj>o«ition of mature ciders 
differs considerably in indiv idual eases, the most 
striking differences being usually in sugar and 
afcodof content according to w fierier fAe piWuot 
is of the sw eet or dry ty pc 

The table on page 127 shows the composition 
of some typical ciders of various degrees of 
sweetness and dryness. 

Cider is subject to several disorders. Of 
these the commonest arc aretificntion. sickness, 
ropiness and oihness, and discoloration The 
first three are directly duo to the action of 
specific bacteria, and tnc last, in some instances 
at least, may be indirectly attributable to acid- 
destroying micro organisms In (license ofaretifi- 
cation. the “vinegar" fermentation. In which 
several distinct kinds of acetic bacteria may lie 
concerned, all eiders are attacked unless the 
liquor is protected at all stages of manufacture 
and subsequently until consumed. Every juice 
comes from the press more or less heavily 
infected with tho bacteria in question and 
exposure to air must be reduced to the lowest 
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Density j 

10 OS-5 

Total drv extract at 100’ . . . ! 

3 025 

Total sugar i 

1-67 

Alcohol 

3-1 

Volatile acids 

0 030 

Fixed acid 

0152 

Tannin 

0 041 

A«h 

0-175 


B 

C 

D 

E 

1003-5 

10000 

1025 0 

1019 0 

O' 

O' 

O 

O' 

2 37 

2 06 

7-71 

61)3 

0-23 

0-15 

0*53 

4-03 

7*5 

6-45 

3 8 

4-C 

0 05 

0 036 

0 073 

0 074 

0 675 

0 458 

0 201 

0 229 

0 170 

0 OSS 

0-20S 

0-234 

0 375 

0 215 

0 248 

0 235 


practicable minimum, for at no period does 
cider attain a sufficient alcoholic strength 
to render it immune from the development of 
the=e organisms. The carbon dioxide developed 
during the active fermentation of the juice 
forms a natural protectant and the liquor as far 
as possible should be kept saturated -with this 
gs 1 -, by direct addition when necessary, through- 
out its life. Cider sickness, (the “ maladiedela 
toume ”nnd “ la pousse ” of the French), is a 
viol' nt form of alcoholic fermentation produced 
bv the “ sickness ” bacillus and apt to attack 
sweet cidera, whether in cask or bottle, when the 
temperature ri°es during the late spring or 
summer following manufacture. Its onset 
apjiears w ithout w ammg and is generally accom- 
panied by an intensely rapid evolution of 
carbon dioxide. A characteristic odour and 
flavour are produced and in course of time 
usually n dcn«c milky turbidity appears in the 
liquor in consequence of a chemical action of 
formaldehyde and other aldehydes formed 
during the fermentation on the tannin of the 
cider. Ciders with a malic acid content of 0 3% 
nnd over are not often attacked. Storage at 
the coolest temperature available is recom- 
mended for all sweet ciders which have not 
been parsed through a bacteria-proof filter. 

Ropmc«G in cider is similar in character to 
the corresponding disorder of wines, and oilincss 
appears to be an incipient or little developed 
stage. It is not of frequent occurrence, but is 
specially apt to appear when sugar is added for 
sweetening purposes. The u«e of a bactena- 
proof filter for the final clarification of cider 
is probably the most effective method of pre- 
vention of this disorder. All sugar syrups used 
for sweetening should be Ptenh'ed before 
addition, as a precaution against infection from 
this source. 

Discoloration or “ blackening ” of ciders is an 
un*ightly di-orvlcr, but otherwise not actually 
ditnmcntal to the beverage. The affected 
liquor tu.us dark after exposure to air, m bad 
ca-es within a few minutes of being poured 
into the gives for consumption. The discolora- 
tion i« an oxidation effect and associated with 
the presence of iron in a certain form in the 
liquor. The iron contamination is mo^t often 
acquired from metallic utensils with which 
tl a pomace or liquor has been in contact, but 
rertam rods are reputed to yield fruit specially 
fu'ceptiblc to the di<ordcr. A relatively high 
acidity m the cider tends to retard the appear- 
ance of Harkening and tho-e samples which 


have had their acidity reduced by the action of 
acid-destroying bacteria appear to be highly sus- 
ceptible to the trouble. In some cases enzyme ac- 
tion also may be associated with its dev elopment. 
The nse of sulphur dioxide as a preservative 
gives some measure of protection against its 
appearance. 

During recent years several by-prodnets of the 
industry of Eome importance have been 
developed. In France a considerable proportion 
of the total output of cider each year is distilled 
for the production of potable alcohol. 
“ Calvados ” — a form of cider brandy obtained 
thus — has been for many years a w ell known 
by-product of the industry. In some countries 
cider vinegar (r. Yol. I, p. 46a) prepared by the 
controlled acetification of fully fermented ciders 
is produced extensively and is in considerable 
demand. 

Various u=es for the pressed pomace left after 
the final extraction of the juice have been 
found. In its fresh state it has some value as a 
food for liv estock, provided that it is not kept 
so long that acetification to a material amount 
occurs. The matcrinl is now generally dried 
in suitable drying machines until the moisture 
content is reduced to approximately 10%. 
In that form it is perfectly stable and can still 
be used for Etock-feeding purposes, being 
frequently incorporated with other feeding stuffs 
of more concentrated food value m compound 
cattle cakes. Considerable quantities of com- 
mercial pectin are extracted from dried pomace 
at the present time and u=ed in jam manu- 
facture. 13. T. P. B. 

CIGNOLIN. Dihydroxy antbranol, used in 
the treatment of venous skin diseases ( Bayer 
Products, London). B P.C. 

CINCAINE. tVoPropylhydrocuprcine 

hydrochloride, u«ed as a local anaesthetic 
( hoirardt , London). B P.C. 

CINCHOMERONIC ACID. Pyndme- 
3 4 -d; carboxylic acid. 

CINCHAMIDINE t. Crscnow Alkaloids 
(thus voh, p lG2a). 

CINCHENE r. Cr.scnox t Alkaloids (this 
vol , p. lo'h:) 

CINCHOLOIPONIC ACID r. Cimthova 
Alkvloids (this vol , p. 1 3M). 

CINCHONA ALKALOIDS. 1. Intpo- 
Dfcnov. — The fir-t recorded instance of the 
isolation of a crystalline material from an 
extract of cinchona bark is provided by the 
“ cinchonmo ” prepared by Gomes of Lisbon 
in 1S10. The ba«:c character of this product 
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w noted bv Houton-Labiilardiere, who told 
Pelletier and Ca vent on about it, and thus 
initiated the investigation* of these two French 
chemists, who showed that Gomes’s preparation 
consisted of two alkaloids, cinchonine and 
quinine (Ann. Chim. Fhys. 1820, f«i], 15, 292). 
Since then many other bases have been isolated 
from cinchona bark, the most recent being 
e pi q ui nine and epiquinidtne, isolated by 
Dirschcrl and Thron (Annalen, 1935, 521, 4S). 
The following hat includes all the alkaloids 
which can be regarded as belonging to this 
group: 

Empirical 

formats. Name. 

CjfH„ON, Puricine. 

C]|H|jON, CiDchonme, cmchonicine (cm' 
chotoxine), emchomdine. 
C| ( H )( ONf Cinchotine (hydrocmchonine), 
cinchamidine (hydrocmchoni- 
dine), cinchonamine. 
ChHjjOjN, Cupreme. 

C| f H tl O|N| Quinamme, conquinamine. 
C,,H ll O,N, Quinine, cp» quinine, qumictne 
(quinotoxine), quimdine, epi- 
qumidine. 

C t0 H,,O,N, Hydroquimne, hydroquinidine. 
C n H H 0 4 N t Chairanune, conchairamine, 
chairamuline, conchairami- 
dine. 

CjjHj.OjN, Cuscoiunc, concuscorune, an- 
ctne 

C M H|jO t N 4 Dicinchomne. 

C 4( >H 44 OjN 4 Diconqiiimne. 

Composition Java nine cuscamine, cuscami- 

undctcrmined dine, cusconidine. 

It is doubtful whetb«r these are all well- 
authenticated single substances, as some of 
them are amorphous and not too well charac- 
terised. The alkaloids paytine and paytamme 
are sometimes included on the insufficient ground 
that “ Payta " bark (Atpidotpcrma »p.). from 
which they are obtained, has been used i 
febrifuge. 

Cinchona bark has a long and Interesting 
history. It is a moot point whether its anti- 
malanal action was known to South American 
Indians before the advent of Europeans ; 
among travellers in that region, Arrot (Phil 
Trans. 1737-8, 40, 81) and others are of opinion 
that it was, while Humboldt and Markham bold 
that it was not. The first cure of a European 
was reported by Jussieu and is supposed to have 
taken place in 1600. About 1639 the Countess 
of Chwchon, wife of the Spanish Viceroy of 
Peru, was cured of malaria by the use of the 
bark, and this event was commemorated by 
Linnaeus in the name Cinchona, which he 
adopted for the genus of plants yielding the 
drug. 

The cinchonas occur on the western side of 
S. America between 10°N. lat. and 22°S. lat., 
ijt, in parts of Venezuela, Colombia, Ecuador, 
Peru and Bolivia. Though cinchona bark did 
not meet with universal acceptance among 
the medical profession oa its introduction 
into Europe about 1632, its use spread rapidly 
and the great demand led to ruthless exploitation 
of the natural forests and by 1850 there ’ 


serious prospects of a cinchona famine. By 
that time the cinchonas had been classified 
botarucally and it was feasible to consider the 
formation of plantations in other parts of the 
world. A Dutch expedition under J. C. Hasskarl 
nsited the cinchona regions in 1852 to collect 
plants and seed of as many cinchona species as 
possible, and in 1859 similar British expeditions 
were organised by Sir Clements Markham, 
whose book, “ Peruvian Bark," published in 
18S0, gives a comprehensive account of the work 
of these expeditions and of the early history of 
the bark and its uses. 

As a result of these 3 hitch and British enter- 
prises cinchona plantations were established in 
Java, India, Ceylon and elsewhere, and at first 
were most successful in India, but m 1655 
Charles Ledger obtained a supply of seed of 
Cinchona CaiiMyu, half of which was planted in 
Java and half in India. This species did well in 
Java, but failed in India, and in the former 
country proved to be the source of a remarkable 
strain of trees, named Cinchona Ltdgenana, 
which improved by unremitting investigation on 
the part of the Dutch planters into the eject of 
cultural methods on yield of alkaloid, gradually 
ousted India from the dominant position it 
seemed likely to take about 1880 and conferred 
upon Java the virtual monopoly in cinchona 
production which it enjoys to-day.’ 

There are probably few drugs whose early 
history has been so fully recorded as that of 
cinchona, and the reader interested in this part 
of the subject may be referred to the Mowing 
sources of information additional to Markham’s 
book already mentioned : 

I860. “Nuova Quinologia of Pavort," John 
Eliot Howard. 

1879. “ Pharmacographia,"Fluckiger and Han- 
bury. 

1891. “ Pb&nnacographis Indies 1891,” Vol. II, 
Dymock, Warden and Hooper. 

1908. “ The Commercial Products of India,” 
Watt. 

1908. “ Scheikundige Bijdragen tot do Kcnnis 
der Java-kina, 1872-1007,” van 
Gorkom. 

1922. Indian Trade Enquiry. Imperial Insti- 
tute. Report on Cinchona Bark.” 
1931. “ Notea on the Cinchona Industry.” 

Lecture to thelnstitute of Chemistry, 
B. Howard. 

1931. ” Proceedings of the Celebration of the 

Three Hundredth Anniversary of the 
First Kecogmsed Use of Cinchona,” 
Missouri Botanical Garden, St. 
Louis, U.S.A. 

1932. '* Kew Bulletin of Miscellaneous Informa- 

tion, 1932,” No, 1. 

So long as the world was supplied with 
cinchona bark from the natural forests of South 
America a number of varieties of bark, dis- 
tinguished by such names as “ crown,” “ red,' 
“jcUow," '‘grey," “soft pitayo," “hard 
pitayo," etc , were marketed, but with the 
advent of ajetematto planting, the commercial 
varieties have been virtually reduced to “ factory 
bark" derived from Cinchona Lcdgtriana or 
hybrids and “red bark " or "druggists’ bark " 
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obtained from Cinchona succirubra, the first being 
used for the manufacture of quinine and other 
cinchona alkaloids, and the second for the pro- 
duction of tinctures, extracts, and other galenical 
preparations. Various devices have been intro- 
duced into the plantations to enhance the yield 
of bark, to raise its alkaloidal content, and to 
facilitate harvesting and preparation for export, 
and information on these points will he found in 
a paper by D. Howard (J.S.C.I. 190G, 25, 97). 
Though the bulk of the world’s supply of 
cinchona bark now comes from Java, small 
quantities are still obtained from S. America, 
India, Ceylon nnd San Thome, but exports 
from Jamaica and other British possessions 
seem to have ceased. There aro small planta- 
tions in Tanganyika Territory, formed when this 
colony was German East Africa, from which 


small quantities have from time to timo 
been exported (Worsley, Bull. Imp. Inst. 1935, 
33, 14). 

It is of interest to compare the yield and nature 
of the alkaloids obtained from tho old S. 
American barks with thoso of modem plantation 
bark, and that is possible owing to the existence 
of a few analyses made by modem methods on 
authentic specimens of old barks, which have 
been kept as museum specimens. These aro 
included in Table I. For commercial nnd 
industrial purposes it is sufficient to determine 
the moisture, total alkaloids, and quinine content 
of cinchona bark. For that reason modem 
analyses recording the proportions of the four 
chief alkaloids for a particular cinchona bark 
aro rare, but such ns have been found are also 
included in Table I. 


Table I. 
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C. officinalis (crown hark) 

5-48 

309 

014 

1-34 

0-32 

0-59a 



C. pitaycnsis (hard pitayo) 

6-G6 

2-42 


0-19 

0-98 

2-25a 


1870 

C. Calisaya (yellow bark) 

4-12 

2-00 


0-4G 


0-90a 


18G5 

C. Calisaya (yellow bark) 

5-80 

3-G1 

0-1G 

0-75 

0-34 

0-93a 

5 

1014 

C. Lcdgcriana 

9-10 

7-92 

008 

0-10 

0-08 

0-91 

G 


»> 

0-13 

4-14 

0-17 

0-54 

0-38 

0-886 

7 

1925 

»» 

Hybrid bark 

5-79 

4-14 

0-4-4 

0-3G 

0-25 

0-G0c 

8 

1925 

4-54 

2-87 

0-34 

■iRKM 

0-4G 

O-Sie 

9 

1888 

C. succirnbra (red bark) 

G-25 

1-40 

— 

2-25 

1-92 

0-G8d 

10 

1921 


G-07 

1-14 

— 

1-43 

1-73 

l-7Ge 

11 



G-29 

2-05 

0-11 

1-47 

1-41 

1-25/ 

12 


C. robusta 

5-8G 

201 

— 

2-42 


1-31/ 


(а) Thcso analyses aro from records of John Eliot Howard and tho results must bo accepted 
with reserve, ns at tho dates mentioned tho methods of separation of the different alkaloids 
were very rudimentary. 

(б) Howard, Trans. Boy. Soc. Trop. Med. Hyg. 1924-25, 18, 358. Average composition of 
Java bark, 1919-23. 

(e) Gage, ibid., p. 350. 

(d) Hooper, “ Ycnr-book of Pharmacy,” 188S, p. 430. 

(r) Howard nnd Chick, ibid. 1923, p. 037. 

(/) Barks from Tanganyika examined by Worsley, Bull. Imp. Inst. 1935, 33, 22. 


Comparison of these analyses establishes the 
superiority of Calisaya bark, even in 18G5, as a 
source of quinine, nnd analyses Nos. 5 nnd G 
indicate clearly that Dutch care of its lineal 
descendant, C. I^algcriana, line improved the 
yield of alkaloids, tho proportion of quinine 
present, and, what is equally important, has 
effected a reduction in the proportion of cin- 
chonidine, the alkaloid which persistently 
accompanies quinine, nnd whose control is the 
principal objective of most phannacopcoial 
testa for impurities in quinine sulphate. 

In the early days of cinchona planting, 
attempts were made, especially by do Vrij in 
Java, to populnri'o the total alkaloids of tho 
bark as an anti-malarial drug, but the rapidity 
with which the discovery of quinine was 
Vot.. III.— 9 


followed by the manufacture of this alkaloid 
in France and England, coupled with the 
persistent advocacy by Moons in Java of 
cinchona cultivation for quinine production, 
soon secured for quinine a dominant position as 
compared with the other cinchona alkaloids, 
which it still occupies and is likely to retain. 
Analyses Nos. 7 and 8 relate to “ ledger” nnd 
hybrid barks produced in India, where these 
barks arc still grown to meet the needs of tho 
Government quinine factories in Madras nnd 
Bengal, which, however, also use considerable 
quantities of Java bark. The two analyses 
Nos. 9 and 10 serve to illustrate the striking 
difference in tho rclativo proportions of tho 
various cinchona alkaloids in C. succirubra 
bark as compared with ledger nnd hybrid barks. 
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Xo. 9 Is described by Hooper as that of a 
typical red bark, being the average of analyses 
of a large number of Indian grown samples 
Xo. 10 u an analysis of on average ml barkof 
Indian origin Xos. 11 and' 12 are barks from 
Tanganyika Territory. Partial analyses of 
“ ledger,” hybrid, and succirubra barks from 
Tanganyika Territory have been made by the 
Imperial Institute (Bull. Imp. Inst. 1918, 16, 
3S7 ; 1920, 18, 22), by Greenish and Corfield 
(“ Year-book of Pharmacy,” 1923. p 632), and 
by Goodson and IJenry"{Phann. J 1930, 124, 
331), and complete analyses by Worsley (1 e.). 
who also gives an account of the progress and 
working of these plantations since 1918 

As a matter of historical interest, it may be 
recorded that in the late nineteenth century a 
considerable quantity of cuprea bark was sold 
m the London market This bark was obtained 
from Tltmtjia j*duncvlala, a near relative of the 
cinchonas, and w as remarkable in containing 
quinine and the corresponding phenol cupreine, 
some cinchonine and quimdine were also present, 
but no emchomdino 

2. Extraction or Alkaloids — The descrip- 
tions of processes quoted below refer both to 
extraction of the alkaloids for the purposes of 
analysis nnd as a first step id manufacture 
The "underlying principles are the same for both 
objectives The alkaloids occur in the bark in 
combination with acids, and it is necessary to 
liberate them from these natural salts in order 
to facilitate extraction by immiscible solvents 
such as ether, chloroform, benzene, or petroleum 
The first step, therefore, is to grind the bar. 
finely, usually to a powder that will pass a sieve 
with 40 meshes to the linear mch This powder 
is then moistened and mixed with an alkali, 
usually lime or Boda lime, and left to stand 
until tho action is complete, after which the 
mixture is lined, reground if necessary, and 
extracted with the selected solvent 

Zebcl (Chem Ztg 1891, 15. 735) describes the 
commercial process thus • The finely powdered 
bark is ground to a thin paste with bme, sodium 
hydroxide or sodium carbonate, and extracted 
with warm paralhn oiL On standing the oil 
separates, when it is run off and shaken with 
dilute sulphunc acid , this acid solution is 
boiled, and while boiling is neutralised, to litmus 
paper, with sodium carbonate. Quinine sulphate 
crystallises out on cooling, while cinchonidme, 
cinchonine, and quimdine remain in solution as 
sulphates. The quinine sulphate is purified by 
rerry stallna t ion from water after treating with 
animal charcoal. The mother-liquor containing 
the other alkaloids is treated with sodium 
hydroxide and the precipitate of quimdine, 
cinchotudine, and cmchonmo extracted with 
dilute alcohol, which dissolves the first two, 
leaving cinchonine behind ; the two former 
can then bo separated by means of tbeir 
neutral tartrates, that of quimdine being con- 
siderably the more soluble. 

Landnn (Compt. rend. 18S9, 108, 750) gives 
the following description of a small -scale extrac- 
tion : 300 g of bark are powdered and passed 
through a Xo. 40 sieve, then mixed thoroughly 
with 1 litre of milk of «oda-Ume containing 75 g. of 
quicklime and 75 g of solution of sodium hydrox- 


ide (spgr. 1-375). To this mixture, diluted if 
necessary by adding a little water, 2 litres of 
petroleum arc added, heated to 100° for 20 
minutes, with constant agitation ; tho oil is then 
decanted, and the extraction repeated with a 
second 2 litres The 4 litres of extract are 
washed twice with 75 c.c. of 10% sulphuric 
acid added to 150 cc. of water: and a third 
time with one third of these quantities. 

A recent example of a small scale extraction of 
*’ ledger ” and hybrid bark in Tanganyika 
Territory is quoted by Worsley (i e.). 

Schwyxer (“ Die Fabnkation der Alkaloide,” 
Springer, Berlin, 1927) provides a detailed 
account of a small scale extraction and a full 
account of factory operations with diagrams of 
plant (see also Vetter, Festschrift E C. Bareli, 
Basel, 1936, 541). 

The following general processes may be 
quoted as typical of extraction methods for 
analytical purposes. The reagents mentioned 
are those proscribed m tho pharmacopoeias, 
which must be consulted for particulars as to 
strength, etc. The “ British Pharma coposia,” 
1932, proceeds as follows • 10 g. of bark m 
about Xo GO powder are thoroughly mixed 
with 7 5 c c. of strong solution of lead sub 
acetate diluted with 12 5 cc. of water, and set 
aside for 1 hour , 60 e c o ammonncal 

alcohol are then added, the whole again mixed 
and left standing for 1 hour Tho preparation is 
next transferred to & continuous extraction 
apparatus, where, with a little more of the 
atumomacal alcohol, it is extracted for about 
4 hours The bulk of the alcohol is removed from 
theextract, 10c c of X sulphuric acid and 40 c c. 
of water added, the mixture heated to boiling, 
then allow ed to cool and filtered through a tight 
plug of cotton wool, previously wet toil, into a 
separating funnel. The residue in the flask is 
treated with 15 to 20 c.c. of boiling A’/10- 
sulphuric acid, and tho acid extract, after cooling, 
also filtered into the separator. The flask and 
the cotton wool plug are filially washed with cold 
water, acidified with dilute sulphuno acid, until 
alkaloids are completely extracted. 20 c.c. of 
chloroform are now added to the separator, the 
contents shaken thoroughly, and the chloroform 
run off into a second separator and any alkaloids 
removed from it by agitation with 5 c c. of A‘- 
sulphunc acid diluted with 15 c c. of water, the 
chloroform being then rej'ectcd and tho acid 
extract used to treat in the same fashion two 
further extractions, each with 20 c c. of chloro- 
form, of the contents of the first sepsrator. This 
final acid extract is transferred to the first 
separator, excess of dilute solution of ammonia 
added, and the alkaloid completely extracted 
with successive quantities of chloroform. The 
combined chloroform extracts are washed with a 
little water, the solvent distilled off. and the last 
traces of chloroform removed by dissolving the 
residue in 5 e c. of 95% alcohol, which 5s then 
evaporated, and the residue dried at 100® and 
weighed. 

The following is a summary of the process 
prescribed in the “ United States Pharmaco- 
poeia," 11th Bev. (1936). 5 g. of bark in fine 
powder and 15 c.c. of 3% hydrochloric acid are 
heated in a 500 e e. flask on a water-bath for 1 
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hour. To the rook'd mixture 200 c.c. of cther- 
rhloroform solution (chloroform 1, ether 3) and 
]0 c.r. of the stronger ammonia test solution 
nrc added; the well-stoppcrcd flask is shaken 
mechanically for 1 hour. left standing over- 
night, and again shaken for half an hour next 
morning. The dnig is then allowed to settle, 
ICO c.c. of the clear ether-chloroform liquor, 
representing 4 g. of drug, transferred to a 
separator, and the alkaloids completely extracted 
with 0% sulphuric acid. The acid solution is 
made strongly alkaline with ammonia test 
solution and the liberated alkaloids extracted 
with chloroform. The solvent is distilled off in 
a fared flnsk and the residue dried at 100’ nnd 
weighed. The weight multiplied by 25 gives the 
percentage of alkaloids in the bark. 

The “ British Pharmacopoeia,” 1032, specifies 
for the manufacture of galenical preparations 
(ho bark of C. Calisaya Weddell, C. Lcdgcriana 
Moons, C. officinalis Linn., C. succirubra Pnvon, 
nnd hybrids of either of the last two with either 
of the first two. The bark must contain not less 
than 0% of alkaloids, of which not less than half 
must consist of quinine nnd cinehonidine. The 
total alkaloids arc estimated by the “ British 
Pharmnoopccia,” 1932, process described above. 
In the total alkaloids so obtained “ quinine 
nnd cinehonidine ” nrc estimated together by 
precipitation ns the mixed tartrates, from which 
the bases nrc recovered nnd weighed as such. 
Two examples of the tartrate precipitation 
process nro given below and it is, therefore, 
unnecessary to describe in detail the “ British 
Phnrtnacopo'ia ” method as used for the total 
alkaloids of the bark. 

The “United States Phnrmacopoeia ” (11th 
Itcw, 1930) prescribes the dried bark of the stem 
or root of C. succirubra or its hybrids, or of C. 
lcdgcriana nnd C. Calisaya or hybrids of these 
with other Cinchona spp. The bark must con- 
tain at least 3% of alkaloids ns estimated by 
the “United .Stales Phnrmacopccia ” process 
described above. 

'J’he " Orman Phnrmacopccia,” 4th cd., 
192(1, specifics the bark of C. succirubra, and 
requires it to contain G-5% of alkaloids 
calculated ns quinine and cinchonine (mean mol. 
ut. 309-2) nnd determined by titration of the 
extracted total alkaloids with methyl red as 
indicator. 

3. Axai.yticai. (o). — Estimation of Indi- 
vidual Alkaloids. Thcplmrmacopoeinlmcthods 
described above are not only examples of pro- 
cesses for the extraction of cinchona alkaloids, 
they aho provide modes of estimating the total 
alkaloid* in a sample of bark. In the total 
alkaloids so extracted it is nearly always neces- 
sary to estimate quinine, or nomine nnd cin- 
rhonidine, nnd sometimes each of the four chief 
alkaloids. It must be remembered that the 
estimation of one component in a mixture of 
organic substances can rarely be effected with 
the accuracy characteristic of the majority of 
dt terminations of constituents of inorganic 
mixtures. Of the numerous methods that have 
Ik-vu devi-ed for dealing with mixtures of cin- 
i liona alkaloids, probably the best is that 
of Howard nnd Chick with a slight modification 
introduced by Cluck (Allen’s "Commercial 


Organic Analysis,” 5th ed., vol. VII, p. 426). 
This method has the advantage that it provides 
an estimate of the possible yield of quinine 
sulphate from a bark, but it should bo realised 
that when this method is applied to the total 
alkaloids of two barks, such as No. 5 nnd No. 9 
in Table I, the quinine sulphate from No. 5 
will contain less cinehonidine sulphate than that 
from No. 9. Goodson and Hcnrv (Phnrm. J. 
1930, 124, 351 ; Quart. J. Pharm.‘l930, 3, 238 ; 
1932. 5. 1G1) have examined the “ quinino 
sulphate,” “ cinehonidine tartrate,” “ quinidino 
hydriodide,” and “ cinchonine ” obtained in the 
application of this process to certain mixtures of 
cinchona alkaloids, differing materially from 
those characteristic of the total alkaloids of 
“ factory ” bark nnd have shown that in such 
cases the precipitates obtained need examina- 
tion. Howard nnd Chick also point out in 
the description given below that the quinine 
sulphate obtained is not to be regarded ns pure. 
The method does, however, give good results in 
skilled nnd experienced hands, and the in- 
experienced, beforo attempting it, should 
practise tho process on cinchona alkaloid mix- 
turcs of known composition. 

To obtain satisfactory results by Howard and 
Chick’s method a quantity of alkaloid of about 
5 g. should bo available. It is desirable to start 
tho assay with tho estimation of the total 
alkaloids, ns this ’simplifies the subsequent work 
nnd tho result is a useful check on the estimation 
of the individual nlkaloids. For this purposo it is 
only necessary to ovnporato to constant weight 
the extract obtained by any of tho methods 
described under the provious heading; or, in tho 
case of the paraffin and sulphuric acid extraction, 
to mako alkaline with sodium hydroxido, wash 
out with chloroform, evaporate to dryness, nnd 
dry to constant weight at 100’-110 o . Having 
obtnined tho weight of total alkaloids, add 3 c.c. 
of 1 0% sulphuric acid for every gram of alkaloid, 
nnd warm on the steam-bath till completely dis- 
solved. Then add 80 c.c. of distilled water for 
every gram of alkaloid, boil, nnd while boiling 
neutralise exactly to litmus paper with dilute 
ammonia solution (10%). On cooling for 2 or 3 
hours with occasional stirring practically tho 
wholo of the quinino will crystallise out ns 
sulphate, owing to its being almost insoluble in 
ammonium sulphate solution. Filter through 
counterpoised filter papers on tho filter-pump, 
press the crystals down well, pumping ns dry ns 
possible, and following with two washes of cold 
water each about equal in volume to tho bulk 
of tho precipitate. The filter papers nnd 
crystals nre now dried to constant weight at 
100’. The weight of nnli 3 - drous quinine 
sulphnte found multiplied by 1-18 gives the 
amount of rough hydrated quinine sulphate, or 
by 0-SGS the amount of rough quinine alkaloid. 
This quinine sulphate is neither white nor pure, 
being usually contaminated with colouring 
matter nnd cinehonidine sulphate, nnd requires 
• further treatment. But with the present-day 
Lcdgcriana barks the weight may be taken as 
representing the true amount of quinine sulphate, 
as in some thousands of analyses of (bis bark 
! >y B- F. Howard nnd O. Chick, the amount 
of quinine sulphnte left in the mother liquor 
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almost exactly compensated for the impurities in 
the crystals weighed. 

To the mother liquor and washings from the 
crystals add about 20 g. of Rochelle aalt dis- 
solved in 30 c.c. of hot water, and atir occasionally 
during 2 or 3 hours. Cinchonidzne is com- 
pletely precipitated as tartrate. This is collected 
on counterpoised filter papers at the pump, 
washed with three lots of cold water each about 
equal in bulk to the precipitate, which is then 
dried and weighed. This weight, multiplied by 
0-797, gives the cinchonidine alkaloid. Should 
the bark contain uiy little cinchonidine, and 
no tartrate be obtained after standing 3 hours, 
it is best to leave the solution for a full 24 hours 
to ensure complete precipitation. 

The filtrate is made alkaline with sodium 
hydroxide solution and shaken out three times 
with ether, using 100 c c of washed ether each 
time. The combined ethereal extracts are in 
turn extracted with three lots of 10% sulphuric 
acid using 10, 10, and 5 c c. respectively, and 
the acid liquids transferred to a separator con- 
taining 25 c c. of ether Sufficient sodium 
hydroxide solution is then added to render the 
liquid distinctly alkaline and the whole well 
shaken and left to stand 1 hour. Cinchonine 
crystallises out and is collected by filtration. 
The aqueous layer is shaken out twico more 
using 25 c c of ether each time. The crystalline 
cinchonine is washed with the second lot of 
ether, then dned and weighed, and 0 08 g added 
to correct for the solubility of the alkaloid in 
ether. The combined ethereal liquids are 
extracted with acetic acid, the extract neutral- 
ised at the boiling-point with 10% ammonia 
solution, using sensitive litmus paper as an 
indicator, 5 g of solid potassium iodide added, 
and the liquid allowed to cool and left 2 to 3 
hours to enable the qumidine hydnodide to 
separate The clear supernatant liquid is 
decanted through counterpoised filter papers, 
the precipitate is warmed with a little 60% 
alcohol to dissolve amorphous alkaloidal 
hydnodides, the wholo being then filtered and 
the precipitate washed with small measured 
amounts of 50% alcohol until the quimdine 
hydnodide is palo yellow in colour. The 
precipitnto is dried, weighed, and 0 0008 g 
added to the weight for each c c. of G0% alcohol 
used The corrected weight multiplied by 0 717 
gives the amount of qumidine alkaloid present 
The filtrate is evaporated nearly to dryness 
with the addition of enough dilute sulphunc 
acid to keep the remaining bases in solution, 
transferred to a separator, made alkaline, 
and the amorphous bases extracted three times 
w ith ether using 25 c c. each time. The ethereal 
extract* are evaporated to dryness and the 
residue weighed as amorphous alkaloids. 

Totaqu wa — Estimation of the components in 
mixtures of cinchona alkaloids ha* assumed 
greater importance owing to tho introduction by 
the Malaria Commwion of the League of Nation* 
of “ totaquina,’' defined as containing at least 
70% of crystalline alkaloids of which not less 
than 15% must bo quinine, with not more than 
20% of amorphous alkaloids, and moisture and 
mineral matter not more than 6% each. The 
" British Pharmacopoeia," 2932, ha* modified 


this definition to " totaquina is a mixture of 
alkaloids from the bark of Cinchona evccirubra 
Pa von. Cinchona rob tula Howard, and other 
suitable species of Cinchona. It contains not 
less than 70% of crystsllisable cinchona 
alkaloids, of which not less than one-fifth is 
quinine.” Totaquina may bo made either by 
extracting the total alkaloids of a suitable 
cinchona bark (Type A) or by using the residual 
alkaloids left in quinine factories after the 
bulk of the quinine has been extracted, sufficient 
quinine being added to bring the product up to 
the required standard (Type B). These two 
types of totaquina differ considerably in com- 
position, but the pharmaeopceial process is 
designed to deal with both. 

“ British Pharmacopeia ” Method for Tota- 
quina — A mixture of 2 g of totaquina with 
20 c c. of A'- sulphuric acid, 40 c c. of water, 
and 40 c c of 93% alcohol is heated to boiling 
and, while still hot, made just alkaline to 
litmus by addition of A’/IO sodium hydroxide. 
To the cooled liquid iV/10 sulphuno acid is 
added drop by drop until the solution is 
slightly acid to litmus the liquid is then boiled 
for 1 or 2 minutes, cooled, and rendered stightly 
acid to litmus if necessary, boiled, and filtered 
into a tared flask, the original vessel and filter 
being washed with boding water until all tho 
alkaloid is extracted. The washings are added to 
the filtrate, which is then evaporated to about 
120 g , 30 g of powdered Rochelle salt are 
added, the mixture shaken to complete solution 
and set aside for 24 hours The precipitated 
tartrates are collected on a hardened filter, the 
flask and filter being washed with 80 c c. ofa20% 
(weight/volume) solution of Rochello salt used in 
suitable portions. The filter and washed pre- 
cipitate are returned to the flask, shaken with 
40 c.c. of solution of sodium hydroxido and 80 c c. 
of chloroform and set aside, with occasional 
agitation, until complete solution is effected. The 
chloroform solution is then separated, the flask 
and tho aqueous liquid being washed with 
chloroform in portions until all tho alkaloids are 
extracted. Tho combined chloroform solutions 
are washed with a littlo water, the solvent 
evaporated, the last traces being removed by 
dissolving the residue in 5 c c. of alcohol, w hich u 
then evaporated, tho final residuo being dned 
and weighed as quinine and cinchonidine. In 
this residue the amount of quinine is estimated 
by a methoxyl determination using 02 g; 
1% of methoxyl is taken as equivalent to 10-45% 
of quinine. The procedure for tho estimation of 
cinchonine and qumidine in the filtrate from the 
quinine and cinchonidine tartrates is sub- 
stantially that of Howard and Chick described 
above, and the sum of the percentages of these 
four alkaloids found is taken as the perccntsge 
of cTystalhsable alkaloids. 

Instead of estimating quinine and cinchonidine 
by either of tho two processes described above, 
the two alkaloids may bo precipitated together 
as tartrates and the content of each deter- 
mined polanmetn cally. This plan forms part of 
tho following process devised by Howard as 
particularly suitable for cinchona febrifuge (see 
Quinetum), and also for totaquinasof type B, 
and was adopted a* an alternative method by the 
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Committee of Experts appointed by tlie Malaria 
Commission of the League of Nations to investi- 
gate the standardisation of totaquina (CH/ 
Malaria 183, Geneva, 10/10/1032). 

Committee Methexi for Totaquina . — Ten grams 
of the product nro dissolved in 00 c.c. of 10% 
hydrochloric acid, the solution being transferred 
to a largo separator containing 750 c.c. of 
•washed ether. Excess of ammonia solution 
(sp.gr. 0-959) is added and the mixture shaken 
vigorously. The erudo cinchonine which re- 
mains undissolvcd is filtered out at the 
pump, tho fdtrato separating into two layers, 
(a) ethereal, which is returned to tho first 
separator, and (h) aqueous, which is placed in a 
second separator, wlicro it is re-extracted with 
another 500 c.c. of ether, which is added to tho 
first lot, the aqueous liquid being reserved for 
further treatment. Tho crudo cinchonino is 
washed, first with 50% alcohol and finally with 
ncetonc, until the washings in each case come 
through nearly colourless, after which it is dried 
and weighed. The washings aro evaporated to 
dryness and the residue of amorphous alkaloids 
weighed. Tho combined ethereal solutions are 
washed out three times with 5% tartaric acid 
solution using 100 c.c., 50 c.c., and 20 c.c. con- 
secutively ; tho united acid liquids are heated 
to boiling, neutralised to litmus paper with 
20% sodium hydroxido solution, set asido for 
18 hours to allow complete precipitation of 
quinino and cinchonidine tartrates, and tho pre- 
cipitate collected, washed with ns little cold 
water ns possible, dried, and weighed. In it 
quinine and cinchonidine nro determined polari- 
mctrically by tho method described below. 

The filtrate is transferred to a separator, excess 
of 10% ammonia solution added, and the 
mixture extracted twico with ether using 500 c.c. 
each time. The aqueous liquid is added to 
tho original aqueous liquor already reserved. 
Tho combined ethereal solutions are extracted 
three times with 2-5% sulphuric acid using 
80, ‘10, and 30 c.c. consecutively ; these acid 
extracts nro mixed, rendered nlknlino with 10% 
nrnmonin solution, shaken vigorously with 50 c.c. 
of washed ether, and the mixture left standing 
24 hours to allow a further quantity of cin- 
chonine to crystallise out, which is collected, 
dried, weighed, and tho weight added to that 
of the cinchonine already isolated. The filtrate 
is shaken out with two further lots of ether, 
500 c.c. each, and the aqueous liquid added to 
the two aqueous liquors already reserved. Tho 
united ethereal extracts nro then shaken out 
three times with 2-5% sulphuric acid using 50, 
40, and 30 c.c. consecutively ; the mixed acid 
extracts arc heated to boiling, neutralised to 
litmus with 20% sodium hydroxido solution, 
excess of powdered potassium iodide, about 
10 g., added, and the solution left standing over- 
night, The liquid is then poured ofT and added 
to the reserved aqueous liquids ; the precipitate 
is well stirred with 20 c.c. of 50% alcohol and 
the mixture warmed to about 50 C. to dissolve 
amorphous hydriodides. The quinidiuo 
hydriodide is then filtered ofT, washed as 
economically ns possible with warm 50% 
alcohol until apparently free from amorphous 
hydriodides, then dried and weighed. The j 
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weight multiplied by 0-717 gives the amount of 
qtiinidine base. 

The bulk of the alcohol is evaporated from 
tho filtrate, tho residue of the latter added to tho 
aikalino liquors already reserved, and tho whole 
extracted with a mixture of benzene and amyl 
alcohol (3:1) ("British Pharmacopoeia,’’ 1914). 
This extract is then evaporated to dryness 
and tho weight of tho amorphous alkaloids 
left added to that found in tho initial extraction 
to give the total amorphous alkaloids. 

Polarimtlry of Tartrates . — If tho precipitate of 
tartrates of quinine and cinchonidine is too 
dark-coloured to be used as such for polarimetrio 
reading, it is rccrystallised by the following 
process : About 0-8 g. of tho precipitato, dried 
at 90° to 100°, is mixed with 15 c.c. of a cold, 
saturated, aqueous solution of quinine and 
oinclionidino tartrates, 1-5 g. of tartaric acid 
added, and solution effected by boiling, 0-02 g. of 
decolourising carbon being added. The solution 
is then filtered, about 5 c.c. of a cold, saturated, 
aqucouB solution of quinino and cinchonidine 
tartrntes being used to wash tho carbon on tho 
filter. Tho filtrato is raised to boiling-point 
and at that temperaturo neutralised to litmus by 
sodium hydroxido solution and set aside with 
occasional stirring. The purified tartrate pre- 
cipitate is filtered off, washed with 3 lots each of 
5 c.c. of cold, saturated, aqueous solution of 
quinino and cinchonidine tartrates, then with 
5 c.c. of distilled water and finally dried at 
90° to 100°C. and weighed. 

For tho polarimetrio determination 0-5 g. of tho 
purified tartrato is dissolved in 5 c.c. of jV- 
hydrocbloric acid, mado up to 20 c.c. at 17°C. 
with distilled water nnd tho optical rotation rend 
in a 2 dcm. tubo. Pure quinine tartrato under 
these conditions gives a rending of — 10°50'nnd 
each decrease in this readiug of 2° G5' represents 
1% of cinchonidino tartrate. Tho weight of 
tartrate X 0-S0 = weight of free alkaloid. 

(5) Examination of Commercial Quinine 
Salts. — Most phnrmacopceias specify standards 
for quinine salts nnd prescribe tests with wdiich 
the salts must conform. The principal impurities 
to bo dealt with aro cinchonidine and hydro- 
quinine. Tho latter is not of practical import- 
ance ns it is now well established that hydro- 
quinino is nt leost ns effective in tho treatment of 
malaria as quinine, nnd ns it is moro costly 
it is not likely to occur in quinine in abnormal 
quantities. Much labour has been expended in 
deviring methods for tho detection of other 
alkaloids, nnd particularly' cinchonidino, in 
quinino sulphate. 

Kerntr's Test . — Mnny of theso tests aro of 
little moro than historical interest and most 
pharmacopoeias now rely upon either Kemer’s 
test or a polorimetric test to ensure tho absence 
of an undue proportion of cinchonidine. Korner’s 
test (Z. anal. Chem. 18G2, 1, 150 ; Arch. Pharni. 
1S7S, 14, 438 ; 1SS7, 25, 712, 749) depends upon 
the fact that quinine sulphate is the least solublo 
of the sulphates of the cinchona bases ; nnd that 
quinine is the most soluble of the common 
cinchona bases in dilute ammonia. When 2 g. 
of pure (juinine sulphate is shaken with 20 c.c. 
of water at G0° for some time, nnd then cooled 
to 15° for nt least half an hour, to prevent super- 
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saturation, it girts a Citrate which precipitates 
with aqueous ammonia (spgr. 0 939), the pre- 
cipitate just redissolving when 4 3 c C. of dilute 
ammonia solution hare been added. Quinine 
sulphate containing any of the other cinchona 
sulphates, when treated in this manner, requires 
more ammonia to gire a clear solution ; and by 
this means some idea of the punty of the 
quinine sulphate is obtained. The details of 
the test as prescribed in different pharrna- 
eopems \ ary considerably, and there has 
been much discussion as to the best form 
Quinine sulphate containing about 5% of 
cinchonidine and b) droquimne sulphates will 
require between 6 and 7 c c of ammonia, while 
one containing about 10% of these impurities 
will require about 10 c c. Points to be noticed 
li appijing the test are that the weights of 
quinine sulphite and water taken do not, 
within reasonable limits, affect the result , the 
solution should bo cooled gradually to 15°, but 
not below, and retained at that temperature for 
not less thin 30 minutes, the filtration should 
be rapid and the mixing tarefull) done by genii} 
rotating and tilting the testing tube, otherwise 
clotting of the precipitate nun take piice and a 
false result be obtained This test is greatly 
influenced bj tho presence of free quinine, when 
the result maj be much in excess of that required 
for a neutral sulphate of the same degree of 
puntj (I) Howard, Fharm J 1690. (iv], 3, 
003) , and also by tho presence of alkaline 
sulphates, which mike it appear purer than it is 
(Tutm, Pharra J 1909, [iv], 29, C06) These 
points should be ascertained by testing the 
filtrate for neutraht} with litmus paper, and 
bj evaporating See to dryness and constant 
weight when the residue should not weigh more 
than OtXlH g, showing the absence of soluble 
inorganic salts (Bigmclli, Monit Scicnt 1908,22, 
1 175) Should tho cooling of the mixture be 
earned out above 15° a larcer amount of 
ammonia will be required, and between 15* and 
20° a correction afOScc of ammonia for each 
degree above 15° may be applied. 

The following is the form of this test adopted 
tn the " British Pharmacopoeia," 193J 1 g of 

quinine sulphate, which has been dried at 50° 
for 2 hours, is boiled with 30 c c of water for 
1 or 2 minutes under reflux in a 100 c e 
resistance g!a«s flask The flask is cooled to 15° 
by means of water at 15°, then corked, shaken 
> igorously, and kept at 15° for 30 minutes with 
frequent shaking The contents are tillered 
rapid!} through a filter-paper 8 to 10 cm in 
diameter 5cc of the clear filtrate arc trnns 
ferret! to & test tube ; to this are added all at 
once 65 cc of a solution of ammonia, which 
must contain not less than 10% (»,'*) and 
rot more than 10 2% (w/w) of ammonia, and 
hate a tcmtKTature of 13° The contents of the 
tul>e art then mixed gintly without shaking. 
A dear liquid should be produced at 15°. 

The * l mted btxtes Pharmaropceia ” (11th 
Rev , I93G) pre»tnbes tho following form * 
Shake 1 Sg of quinine sulphate, which must be 
neutral or faintlv alkaline to litmus paper anil 
1 ate Usm dred at 50“ for 2 hours, with 20 c c. 
rf distilled water at 63° for 30 minutes, cool to 
15” and stl stick at this tc mperature for 2 hours 


with occasional shaking. Then filter through a 
filter-paper of 8 to 10 cm. diameter and transfer 
5 c c. of the clear filtrate at 15° to a test tube 
and mis it gently (without shaking) with Gee. 
of ammonia test solution containing not less 
than 10% and not more than 10 2% of ammonia; 
the ammonia solution must also have a tempera- 
ture of 15° and be added all at once, A clear 
liquid should be produced 

Kemer’s test is designed for ure with quinine 
sulphate and in order to apply it to any other 
salt of quinine, that salt must be converted into 
neutral quinine sulphate without change m the 
composition of the base Until recently the 
methods of achieving this conversion left much 
to be desired Tho much improved method 
adopted m the " British Pharmacopoeia,” 1932, 
may be summarised as follows, using the ease of 
quinine hydrochloride, B HCt,2H,0, as an 
example 

Quinine h} drool loridc (1 2 g ) is dissolved in 
water <50 c c.) containing dilute sulphuric acid 
(5 e c ) Dilute ammonia solution (5 e c ) is 
added and the mixture extracted successively 
with 30 and 20 ic of chloroform Each 
chloroform solution is shaken twice with water, 
u«ing 10 c c. each time, and using the same water 
for both lots of chloroform The mixed chloro- 
form solutions are at once evaporated quickly 
on a water bath, most, but nnt all, of the chluro- 
form being removed The last traces of chloro- 
form are removed by dissolving the residue in 
3 or 4 c c of absolute alcohol and ogam ci aporat. 
ing quickly on a water bath, with the help 
of a current of air, until a w lute opaque residue 
is obtained. This is dissolved in 20 ce. of 
alcohol, 20 c c of water added, and lee of a 
0 02% (w/v) solution of meth}l red in alcohol 
(90%). The solution is heated to 73° and at 
that temperature A’/5 sulphuric acid is care- 
fully addid, until tho colour matches that of a 
solution at 20° prepared by mixing 5G c c of tho 
"British Pharmacopoeia” solution of p u 5 41 
with 1 c c. of a 0 02 solution (w/v) of mcthvl 
red in alcohol (90%). In this neutralisation 
prorcas onlv acid must be used and any necessity 
for the addition of alkali must be avoided. The 
neutral liquid is then evaporated lo dr) ness in 
a porcelain or resistance glass dish on a water- 
bath/ and the dry residue powdered and used 
for the Kemcr test as described above. 

In tho "United States Pharmacopoeia " 
(11th Rev) the mode of application of the 
Kerner test to quinine base nnd salts, other than 
tb* sulphate, is varied Quinine boso is 
neutralised to sulphate by dissolving 1’5 g. of 
tho base dried at 100“ in alcohol (23 cc) and 
hot water (30 ec), adding enough -V -sulphuric 
acid (about 6 c e ) to make tho solution arid, 
and then titrating back to neutraht) with 
A'-sodium h)droxide, using meth)l red as 
indicator. For the acid sulphate 2 52 g. of the 
salt B H,S0 4 .7H,0 is neutralised to methyl 
red with .V-sodium h)droxido solution. With 
qmmnc dill) droc blonde, the base is recovered 
from 1 8 g of the salt B 2HCI, and converted 
to sulphate as described above for quinine base. 
For quinine and urea hvdrocldondo quinine, 
base Is also reeov ered from 3 jr.of the substance 
C, 0 H 2 I O.Nj HCI.CO(NH,)j HCI,GH,0 
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and I -fl g. of the dried recovered base neutralised 
ns described above for quinine base. The 
neutral aqueous-alcoholic solutions of quinine 
sulphate with some sodium sulphate produced 
in the foregoing processes are evaporated to 
dryness and the powdered dry residue used 
for the Kcmcr test ns described for quinine 
sulphate. 

The pharmacopoeial standards for quinine 
salts vary considerably, ns indicated by the 
different amounts of ammonia solution allowed 
for tho production of a clcnr solution : 6-5 c.c. 
in tho “British Phnrmacopceio” (1932), 6-0 in 
tho “United States l’hnrmacopmia” (XI, 1930), 
4-0 c.c. in tho “ German Pharmacopoeia ” 
(VI, 1920), and 4-5 c.c. in the “ Dutch Pharma- 
copoeia (V, 192G). Tho last-mentioned 

phnnnacopmia accepts the Kcmcr test for 
quinine sulphate, but tho general method for 
quinine baso and salts is a polarimotrio test, j 


based on tho allowed optical rotation, —17-7° 
to —18-0° for a di-milligram-moleculo of nn 
hydrous quinino baso in a calculated equivalent 
of a mixture of sulphuric and hydrochloric acids, 
tho solution being diluted to 20 c.c. with water 
and read in a 2 dcm. tube. Thus, in tho case of 
quinino sulphato 782 mg., f.c. a molecular weight 
in mg. of tho salt 

(C 20 H 24 O 2 N 2 ) 2 -H 2 SO 4 ,2H 2 O 

equivalent to 746 mg. of anhydrous quinine 
sulphate, (C 20 H 21 O 2 N 2 ) 2 -H;,SO 4 , or to 648 mg. 
of anhydrous quinino base, is dissolved in water 
with tho aid of 0-5 c.c. of 4iV-sulphuricacid and 
0-5 c.c. of 4A T -hydrochloric acid and tho solution 
made up to 20 c.c. and the optical rotation 
observed in a 2 dcm. tube. The equivalents of 
salt and acid used in this and somo other cases 
are given in tho following table : 


I rimrnmcopfrlnl substance nnd 
! formula. 

Equivalent \vt. for 648 nig. 
of anhydrous base. 

Acid to 

KV-HCI 

be added. 

4.Y-H,S0 4 

Optical rotation in 
a 2 dcm. tube. 

Quinino base. C„„H„,O n N„ . 


0-5 c.c. 

1 c.c. 


Quinine hydrochloride, 
C„„H„0„N,-HCI,2H„0. 

0-7208 g. of anhydrous 
salt 

— 

1 c.c. 

— 17-7° to —18-0° i 
at 20°. This ' 

1 Quinine sulphate, 

(C 20 H 2 ,O 2 N 2 ) = -H 2 S0 1 ,8H 2 0. 
i Quinine acid sulphate, 

! C 20 H 2 ,O 2 N 2 -H 2 SO 1 ,7H 2 O 

1 

1 

0-782 g. of salt dried at 
60°-60° 

0-5 c.c. 

0-5 c.c. 

value must be j 
lowered by 

0-844 g. of anhydrous salt 

0-5 c.c. 


0-023° for each 1 
degree of tern- 1 
peraturo above ! 
20°. 


llytlroqmnint has until recently been tested 
for by dissolving tho quinino sulphate in dilute 
sulphuric acid, cooling to 0° and ndding a 4% 
nqueous solution of potassium permanganato so 
long as rapid dccolorisation takes place. 
The solution is then warmed, manganese dioxido 
fdtered out, washed, and the fdtratc and 
washings made alkaline and the liberated 
hydroquinine extracted with ether, tho solvent 
distilled off, and the residue dried to constant 
" eight. Processes less open to obvious objection 
nro catalytic hydrogenation in nn apparatus 
arranged for quantitative work, such ns that 
described by Paget and Solomon (J.C.S. 1932, 
J IDS) and used by Buttle, Henry and Trovnn 
for the estimation of hydro-bnscs in com- 
mercial cinchona alkaloids (IJiockem. J. 1934, 
28, 420) or the morcurntion process of Thron 
and Dirscherl (Annalen, 1935, 515, 252), which 
depends upon the fact that each of the four 
primary cinchona alkaloids, in virtue of the 
presence of a vinyl group in the molecule can 
combine with a molecule of mercuric acetate, 
while the ltydro-ba«es in which tho vinyl group 
lias lx-cn reduced to nn ethyl group cannot be 
mercuratcd in this fashion. The process is 
carried out as follows : 1 g. of tho base (or nn 
equivalent quantity of a salt) dissolved in G g. 
ot 10% sulphuric acid is treated with J 4 g. of 
a 10% solution of mercuric acetate in 5% 
acetic nrid, and the mixture warmed for 4 hours 
at 40 to 50 . When cold, 10 g. of ammonia 
solution (sp.gr. 0-90} are added and the liberated 


hydro-bnsc extracted with ether; usually 20, 
10, and 10 c.c. in successive portions are 
sufficient. The combined ether extracts nro 
washed with water, the solvent distilled off, 
and tho residue of hydro-base dried at 105° and 
weighed. Tho alkaline mother-liquor is acidified 
with sulphuric acid, 0-5 g. of phosphorous acid 
added, and the solution heated to boiling for a 
short time. Tho clear liquor is then decanted 
from the mercury formed, the latter washed 
with water, nnd tho mixed liquor and washings 
mado alkaline with ammonia nnd tho quinino 
extracted with ether. 

(c) Examination of Other Commercial 
Cinchona Alkaloids. — Apart, from quinine the 
only cinchona alkaloid of therapeutical import- 
ance is quinidinc, of which thesulphntc is included 
in the British and United States “ Pharma- 
copoeias." In addition to qualitative tests, 
c.g. the thnllcioquin reaction, both pharma- 
copoeias require that (a) 1 g. of the salt shall be 
soluble in 5 c.c. of a warm mixture of chloroform 
(2 vols.) with absolute alcohol (1 vol.), and 
(6) that when 0-5 g. of the salt in 15 e.c. of boiling 
distilled water is mixed with 0-5 g. of neutral 
potassium iodide in 5 e.c. of distilled water, 
the mixture being then cooled to 15° nnd kept at 
that temperature for 1 hour with frequent 
agitation, the filtrate on addition of 2 drops of 
dilute solution of ammonia docs not become 
turbid within 1 minute. 

The four primary cinrhona alkaloids are 
divisible into a kevorotatorv pair, quinine and 
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tinchonidine, and a dextro-rotatory pair, 
quinidine and cinchonine. In commercial 
specimens the two components of each pair 
usually contaminate each other, but not the 
components of the other pair. Each of the four 
alkaloids Is usually accompanied by its hydro 
hasp, and in cinchonine the amount of hydro- 
cinchonine may be as much as 14% and in 
quinidine op to 20%. 

The author has not been able to find m the 
literature any satisfactory systematic method 
for the examination of commercial samples of 
quinidine, cinchonine and cmcbonidine, but 
suggests that, bearing in mind the facts quoted 
above, it should be easy to evolve such a 
method when required, ey in (I) cmchomdine, 
the probablo impurities are (2) quinine, (3) 
hydroqmmnc, and (4) bydrocmchomdinc The 
vinyl liases (1) and (2) can be separated quantita 
lively from the hydro bases (3) and (4) bv Thron 
and Direcherl's mercuration process {/ft abort), 
and a mcthoxyl determination in (1 }+ (2). and 
(3)4- (4) thus recovered Bill give the amount of 
quinine and hydroquinmo pre-rent respectively, 
or the amount of each component in each mix 
turc may be armed at by a polanmetnc 
estimation. The author lias found it con- 
vennnt in dealing with mixtures of cinchona 
alkaloids to determine the rotation for a J//40 
solution of the base m A’/IO sulphuric acid The 
specific rotations for carefully purified specimens 
of the eight principal cinchona alkaloids under 
these conditions are as follows (Buttle, Henry, 
and Trc\an, I e.) s 

Quinine . — 2S4 5° 

llvdroquinmo —23 1 7” 

Cinchomdmo —173 0° 

Hydrocinchomdino —144 6“ 

Quinidine +334 2“ 

Hydroquinidinc +299 0 ® 

Cinchonine 4-263 7“ 

Hydrocinchonine +225 8“ 

The figures are for anhydrous base in each 
case, but tlioequiv-ilcntofsir dry base is weighed 
out for the determination 
4 Gesee.il Properties or the Cinchona 
Alk uoins — The eight principal cinchona 
alkoloiils alio\p mentioned (it. cinchonine, 
quinine, their stcrcoisomrndes and dihydro- 
denvatiies) are white, odourless but intensely 
latter, high melting, crystalline solids. The 
bases are almost insoluble in water or aqueous 
solutions of salts and alkalis, but dissolic, in 
general, m dilute mineral acids and in a variety 
of organic solvents 

The four alkaloids which contain a mcthoxjl 
group (quinine, ete.), dissolved in much dilute 
sulphuric, nitne. or other oxy-acid, exhibit n, 
blue fluorescence, which is particularly inten*c I 
when viewed in ultra violet light and allows of. 
the detection of minute amounts of quinine (see, 
e y Canals nnd Pcy rot, Compt rend 1931,193, 
746). Solutions in tho halogen hjdracids are 
not fluoresiont ; the addition of such an acid 
to a solution of quinine in an oxy -acid weakens, 
and may etrn destroy, its fluorescence. For a 
qnahtatneconneition between the appearance of 
fluorescence and the chemical constitution of the 
alkaloids and tbeir derivatives ete Babe and 


Marschall (Annalcn, 191 1, 332, 300). A 6pcctro- 
graphic method of determining cinchona alka- 
loids has been proposed by van Arkel and van 
der Widen (Pham. Weokbl. 1935, 72, I19S; 
1937, 74, 1514). 

The cinchona alkaloids respond to tests with 
the usual alkaloids! reagents and precipitants (are 
Alkaloids). Characteristic of the methoxyla ted 
alkaloids are tho Uialleioquin and erythroqum 
reactions. The former (Brandos, Andre) is earned 
out as follows : to an aqueous solution of, for 
example, a quinine salt, or to quinine dissolved in 
dilute acetic acid, is added a slight excess of 
chlonno or bromine water or a solution of 
bleaching powder, followed by an excess of 
ammonia giving me to an emerald green 
coloration or precipitate, depending on the 
amount of qnimne present The reaction is 
said to be weakened or inhibited by caffeine, 
nntipyrine and other substances. The erythro- 
quin reaction (Vogel, Abcnsour) is earned out 
in a similar fashion, except that before adding 
the ammonia, a drop of 10% potassium fereo- 
or fern cyanide is added , the coloration 
produced is red this reaction is said to be even 
more delicate than the thallcioqiun test. The 
most delicate test however is that afforded by 
the fluorescence already mentioned 

The cinchona alkaloids are strongly optically 
active. They fall into two groups of four, the 
dertro- and la?vo rotatory Bcnes respectively. 
To the former belong cinchonine, quinidine, and 
their dibydro denvatives ; cmchomdine, quin 
me, by drocmchomdine, and hydroquinine are 
Ixvorotatory. In general, the rotations of the 
bases in alcohol are of the same order of magni- 
tude as those of tho neutral salts (B HA) in 
water The rotations of the salts, however, 
progressively increase in arithmetic value with 
addition of acid. , A maximum is reached at 
about the stage at which tho amount of acid 
added suffices to convert tho neutral salt into 
the acid salt (B 2H A) ; with further additions 
of acid the rotation slowly falls This charac- 
teristic behaviour was first observed by llcsno 
(Annalcn, 1873, 166, 217. See alto Oudcmans, 
iftirf 1870, 182, 33 ; 1879, 107, 43 : 1831, 209. 
33; Bcc trav. duo. 1882, 1, 18; Liquier, 
Compt. rend. 1926, 133. 193; Dietzcl and 
Sollncr, Arch. Pharm. 1930, 268, 029; Lapp, 
Compt. rend 1032, 165, 243 ; Bull. Soc chi®. 
1935 (v ], 2, 1407 ; Emde, Helv. Chtm. Acta, 1932, 
15, 539, Ludmczakouna and Suszko, Bull. 
Acad. Polonaise, A. 1934, 402). 

The cinchona alkaloids are strung dixcidw 
bases, which form two senes of salts, nr. neutral 
salts B HA (railed “ basic " salts in France), 
and acid salts B 2HA (m France " neutral " 
salts) B4HA is also occasionally met with. 
The neutral salts are neutral or faintly alkaline 
to litmus ; the acid salts are acid to litmus but 
neutral to methyl orange or Congo red. Tbwe 
are. in general, colourless, crystalline solids, 
which tend to become discoloured on exposure 
to hgbt. It has been claimed that exposure of 
cinchona alkaloid salt* in aqueous solution to 
direct sunlight gives n*o to the cincbonitoxine* 
(see p. 142). the solutions becoming in the course 
of time yellow or even brown in colour. 

The alkaloids arc not very stable. The toxincs 
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just mentioned, formed when the acid sulphates 
or tartrates aro heated to melting, result also 
on so mild a treatment as boiling in dilute 
acetic acid solution, which, indeed, i3 more 
certain of its efTect than the use of mineral 
acids. With moro concentrated mineral acids 
the unsaturated alkaloids undergo complex 
isomerisation and transformation (fee Section 
5rf, p. 149). 

In temperate climates the cinchona alkaloids 
aro used mainly ns bitter tonics and anti- 
pyretics, but the great bulk of the quinino 
manufactured is used in tropieal countries as a 
specific for tho treatment of malaria. In 
common with tho other cinchona alkaloids it 
exerts a direct toxic action chiefly on the 
asexual forms (tchizonta) of the malnrial parasite. 
Tlieso substances, therefore, provide an example 
of chemotherapeutic action, discovered and 
applied long beforo tho principles upon which 
chemotherapeutic investigations as now con- 
ducted were laid down by Ehrlich. For over 
300 years, at first in the form of cinchona bark 
or its galenical preparations, and in the last 
century ns tho alkaloids or their proximate 
derivatives, cinchona has been tho sole remedy 
available against mnlaria. 

As knowledge of the etiology of this disease 
increased it beenmo evident that theso alkaloids 
aro not complete remedies and, in particular, 
it was rcnlised that they were relatively ineffec- 
tive against tho sexual forms ( gamclocylcs ) of 
the mnlnrinl parasite. Within the last decade 
it has been found that complementary drugs 
exerting gnmctocidnl action can bo synthesised, 
of which 8-(a).diethylamino-ifoamyl)amino.6- 
rncfhoxyquinolino (platmoquinc) is tho best 
known cxnmplo. This substance resulted from 
tho joint chemical and biological investigations 
of Srlmlemann, Schunhofcr and Winglcr 
(Ivlin. Woch. 1932, 11, p. 381) with Rochl 
(Arch. Schiffs. Trop. Hyg. 1920, 30, Bcihcft 3, 
p.. 11 ; 1927, 31, Bcihcft 1, p. 48). An 
interesting development of this work was 
achieved by JIict7nch and Mauss (Klin. Woch. 
1033, 12, 1270; Angcw. Chora. 1934, 47, 033), 
who in conjunction with Kikuth (Dout. med. 
Woch. 1032, 58, 530) found that tho same side- 
chain, inserted in position 5 in S-cldoro-3- 
mcthoxyncridine, produced the drug now known 
as "ate brine," which like quinino is schizonticidal 
in action. These successes have led to great 
activity in this typo of investigation, not only 
in Germany but in this country, France, Russia 
and elsewhere. There aro numerous other 
minor applications of the cinchona alkaloids in 
medicine, c.g. tho use of quinine-urethane ns a 
sclerosing agent, of quinine-urea as a local 
nmcsthrtir, and of quinidinc in the treatment of 
auricular fibrillation. Quinine and certain of its 
derivatives, Furh ns tho Morgcnroth com- 
pounds referred to later, nro powerful bacteri- 
cidal agents, and though the high expectations at 
first based on these results have not materialised 
in practice, hope has not yet been given up that 
it may l>o possible to develop practicable, 
pncumococeicidnl agents with one or other of the 
cinchona alkaloids ns a starting-point and 
work on the-e lines is l>cing intensively pursued, 
especially in .Tnpan nud the United States. 


G. CoKSTITtJTIOK or TltE ClNCIIOKA ALKA- 
LOIDS. — (a) Structure. The principal alkaloids 
of this group have been shown to have tho 
following structure : 


CH N 

HC^ 'V' % CH 


RC C CH 

'S / \ ^ 

CH C 


N 

H— C(OH)— HC^ <l H ^ CH S 


H.C f H = CHR' 

' \ I / 

CH 


in which R may be hydrogen or methoxyl, 
and R' may bo vinyl (CH 2 =CH— ) or ethyl. 
The eight commonest naturally occurring 
alkaloids compriso four structurally identical 
stcrcoisomeric pairs. 

(1) Cinchonine and cinchonidinc, 

C m H.,ON 2 (R is H— ; R' is CH„=CH-). 

(2) Hydrocinchoninc and liydrocinchonidine, 
Cj jHjjON, (R is H — ; R' is CH 3 -CH 2 ~). 

(3) Quinino nnd quinidinc, 

C 20 H. t O,N 2 (R is CH 3 0— ; R'is CH.=CH— ). 

(4) Hydroquinino and hydroquinidine, 

C„ 0 H.„O„N„ (R is CH 3 0- ; 

' ~ ‘ R'is CH 3 -CH 2 -). 

To this list mny be ndded three other alkaloids 
belonging to the same chemical group. These 
have a phenolic character, nnd have not a 
methoxyl but a hydroxyl group in position G 
of tho quinolino nucleus. Cupreine, 

C^H.jO.N, (R = HO— ; R' = CH. = CH-), 

was discovered in cuprca bark derived from 
Rcmijin prduncidata (Paul and Cownley, 
Pharm. J. IS81, 12, 497; 1884, 15, 221, 401 ; 
Hesse, Bcr. 18S2, 15, 854; Annalcn, 1884, 225, 
93), but is now unobtainable. It is the phenol 
corresponding to quinine, for it yields tho latter 
on mcthylation (Grimnux nnd Amnud, Compt. 
rend. 1891, 112, 774). The other two, hydro- 
cuprcino and hydrocuprcidinc, 

C, s H £ 1 0 2 N. (R = HO- ; R' = CH 3 -CH„-), 
nro not known to occur naturally, but can bo 
obtained by the dcmcthylation with mineral 
acids of hydroquinino and hydroquinidino 
respectively, or, in tho case of the former, by tho 
catalytic hydrogenation of cupreine (Giemsa 
nnd Halberknnn, Ber. 1918, 51 1325). Tho 
phenol corresponding to quinidine, which would 
systematically receive the namo cuprcidinc, is 
unknown, although Ludwiczakowna, Stiszko, 
nnd Zwicrzchowski (Rcc. trav. chim. 1933, 52, 
817) claim to kavo isolated it from tho products 
obtained by tho treatment of quinidine with 
sulphuric acid ; their contention, however, has 
been convincingly refuted (Henry and Solomon, 
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J.C.S. 1934, 1923 ; Thron and Dirschetl, Annalen 
1935, 515, 252). 

The above structural formula has not been 
fully elaborated for each alkaloid separately 
and follows mainly perhaps from work on 
cinchonine The evidence for the skeletal 
structure of the other members of the group 
proceeds in part from the identity or simple 
mutual relation of various degradation products ; 
thus, for instance, cinchonine and cinchomdine 
give me to identical products, however they are 
attacked fc g on oxidation there are formed 
cmchommc acid (quinoline--! -carboxylic acid) 
and cincholoipowc acid (3-carboxypipendine-l- 
aeetic acid)) , the same applies, on the other 
hand, to qumme and qwrudir.e, except that these 
give me not to cmchommc acid itself but to 
its 6 methoxy derivative, qununic acid Some 
evidence for the structure of certain of the 
alkaloids other than cinchonine arises also from 
the possibility of inter-conversion among them ; 
this, however, is very hunted. Thus, all the 
hydro alkaloids (R'=CH S — CH,— ) are obtain- 
able from the corresponding vinyl bases by 
catalytic hydrogenation Again, cinchomdine 
was obtained by Koenigs and Husmann (Ber. 
1890, 29, 2185) from cinchonine by the action 
of amyl alcoholic potassium hydroxide, and this 
kind of inter conversion was later extended by 
Rabc and his pupils (Amialen, 1932, 492, 242) 
to the whole series 1‘inally, m evidence of the 
identical structure in pairs (as paired m the 
above list) of the cinchona alkaloids, may be 
mentioned the fact that each such pair gives 
rue to three transformation products, the 
identity of which is the same whichever member 
of the pair forms the source. These three 
products arc, moreover, either actually isomertc 
with the parent alkaloids, or, at all events, have 
the full skeletal structure of the parent alkaloids 
preserved intact They arc (see Mote) the 
“•icines’’ (tonnes) of I’asteur and of von Miller 
and Ilohde, the anhydro-basea (cinchene, qrnnene) 
of Comstock and Koenigs, and tho ketones 
(ctnrhoninone, quimnonc) of Rabe. Thus, 
cinchonine and nnchonidino give nso to one 
and the same cinchonicino (rinchotonne), to 
one and tho same cinchene, which only differs 
from tho parent bases by the elements of water, 
and to one and the same cincboninone, differing 
from the parent hoses by two liy drogen atoms. 

The evidence for the t.bove structural formula 
is in brief as follows. 

Both nitrogen atoms in the molecule are 
tertiary and capable of salt formation. Thus 
not only are both neutral and acid salts known, 
such as B HC). B, H.SO-. and B 2HC1, 
B H.SOj. but also mixed acid salts of the type 
B, 2HCI H,S0 4 (Gnmaux, Compt rend. 1892, 
1 15. COS) 

The alkaloids combine with one and with two 
molecules of an alkyl hahde, forming mono- 
and dialkylhalides, which have the characteristic 
properties of quaternary ammonium salts The 
nitrogen atom in the qumuclidine half of the 
molecule is more strongly basic than that in the 
quinoline half and is the one involved in neutral 
salt formation ; it is at the qumuclidine nitro- 
gen atom also that the alkyl and halogen groups 
are added in the ordinary monoalkylbabdes. 


Thus Claus and Weller (Ber. 1881, 14, 1921) 
showed that cinchomdine cthobromide was 
oxidised to cinchoninic acid (quinoIine-4. 
csr boxy lie acid) and not to its ethobroraide. 
Skraup and von Norwall (Monatsh. 1894, 15, 37) 
prepared a senes of yellow ethlodidcs Homeric 
with the ordmaty white ethiodides by treating 
not the free bases but the neutral hj dnodides 
with ethyl iodide ; both forms furnished one and 
the same diethiodide when treated with a 
further molecule of ethyl iodide. Skraup later 
(iW. p. 433) oxidised the yellow form of 
cinchonine ethiodide and obtained the cthiodide 
of cmchommc acid, thus showing that in 
cinchonine hydnodide it is the qumuclidine basic 
centre which is satisfied. Similarly, Claus and 
Mallmann (Bcr. 1881, 14, 76) found that the 
treatment of quinine methiodide with ethyl 
iodide gave nse to a different product from 
that obtained by the action of methyl iodide on 
quinine ethiodide. The two “ ethmethiodidea ” 
were isomenc (e/. Claus, Annalen, 1892, 289, 
232 ; and Konek, Chem Zentr. 1930, u, 1352; 
1937, i, 1694 ; 1938, l, 75). 

That one of the two oxygen atoms m quinine 
and qmmdine is a member of a methrxyl group 
follows partly from the fact that these alkaloids 
can be demethylated (eg by be»tmg with 
hydrochloric acid), there are then formed 
phenolic bases and methyl chloride (tee, t g , 
Hesse, Annalen, I860, 205, 314). The other 
evidence for the presence of a met’ oxyl group, 
evidence, moreover, which serves to indicate 
the position of this group in tho molecule, 
arises from the fact that m those degradation 
experiments (such as oxidation) in which 
cinchonine and cinchomdine give n«e to 
simple quinoline derivatives (such as cmchotunic 
acid), quinine and qmnidino furnish tho corre- 
sponding 6-methoxyquinolmc derivatives Thus 
Skraup (Monatsh. 1881,2, 587) found that quinine 
on oxidation with chromic acid gave nso to 
quirnmc acid (6 methoxyqumohnecarbo*>bc 
acid), and that this, on more vigorous oxidation 
with the same reagent, was degraded to the 
game pyndmetnearboxy lie acid which could 
bo obtained in like manner from cincboninic 
acid, the oxidation product of cinchonine : 



Cinchoninic acid Quinlnlc acid. 



The constitution of the latter acid being known 
(tee Skraup. Annalen, 1 830. 201, 291). It followed 
that the melhoxyl group in quinimc aeid wm 
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contained in the benzene and not in the pyridine 
nucleus. He further showed (Jlonntsli. 1883, 4, 
09'>) that quininic acid could be dcmcthylatcd by 
means of hydrochloric acid to the corresponding 
phenolic acid, to which he gave the name 
xanthoquininic acid, and that this, on decarboxy- 
lation, pave rise to tho known 6-(or p-)kydroxy- 
quinolinc. There is, therefore, in quininic acid 
(as well as in quinine and quinidine) a methoxyl 
group in the 0-position of the quinoline nucleus, 
which is absent in the cases of cinckoninic acid, 
cinrhonine, and einchonidine. 

The second oxygen atom in quinine and 
quinidine, or the sole oxygen atom in cinchonine 
and einchonidine, belongs to a hydroxyl group. 
This was first shown by Schtitzcnbcrger (Compt. 
rend. 1858, 47, 233), who prepared tho acetyl 
and benzoyl derivatives of cinchonine and of 
quinine. Hesse (Annnlcn, 1880, 205, 314) hns 
prepared the acetyl derivatives of all the four 
alkaloids. The demonstration, however, only 
acquires strict cogency when taken in conjunction 
with the later proof that these bases are di- 
lertinry (see. ahorc). Independent of this 
proof, however, is the evidence adduced by 
Koenigs (Her. 1S80, 13, 285), who treated cin- 
chonine hydrochloride with a mixturo of 
phosphorus penta- and oxy- chloride and 
obtained a product, C ]9 H 2I NCI, cinchonine 
chloride, in which the hydroxyl group had been 
replaced by chlorine. The nature of the 
hydroxyl group was clucidnted by Rnbe and 
his collaborators (Her. 1907, 40, 3655; 1908, 
43, 02, 872 ; Annalen, 1909, 364, 330), who 
made the discovery that on very gentle oxidation 
with chromic acid cinchonine lost two hydrogen 
atoms and was converted into the corresponding 
ketone, cinchoninone, being otherwise un- 
changed. Cinchoninono formed an oxime, and 
cinchonine could be recovered again from its 
reduction products : 



CO- 


N 

-HC CH, CH, 


H,C CH. CH — R' 

‘\l/ 


CH 


Cinchoninone (R <■* H; R' *= vinyl). 


'1 he cinchona alkaloids, therefore, contain a 
secondary alcoholic grouping, — CH(OH)— ; 
its position in the molecule will bo made clear 
in the sequel. 

.Ike existence of an unsa titrated side-chain 
(or. of 1 1to vinyl group) in cinchonine, quinine, 
and their stcrcoixomcridcs is revealed by 
their behaviour with the halogens, the hnlogen 
hydrneids, and with potassium permanganate. 
Laurent (Compt. rend. 1.845, 20, 15S7; Ann. 
t him. ISIS, (iii), 24, 302) first studied the action 
of chlorine and bromine on cinchonine. Direct 
addition of two atoms of the halogen occurs, 
i im litmine dichloride and dihromide being 
funned. Comstock and Koenigs (Her. Ic-Si, 


17, 993 ; 18S6, 19, 2853; 1892, 25, 1539) have 
also prepared these dihalogen addition com- 
pounds, ns well as quinine dibromide, and made 
a detailed study of them. On treatment with 
alcoholic potash tho dibromides lose two 
molecules of hydrogen bromide, dehydrocin- 
chonine, Cj 0 H^ n ON„, and dehydroquinine, 
Cj 0 H 2 ,O 2 N;, being formed. These latter sub- 
stances contain an acetylenic linkage in place of 
the double bond of the parent bases (R'= 
CH=C~) (Koenigs, Ber. 1895, 28, 198G). 
With the halogen hydrneids, also, simple 
addition takes place, the side-chain R presum- 
ably becoming CH 3 — CH(Hal) — . This can- 
not, however, as yet bo considered as having 
been quite firmly established. 

Zorn (J. pr. Client. 1873, 8, 279), influenced 
by the contemporary researches of Matthiesscn 
and Wright on narcotino and other opium 
alkaloids, was first led to study the action of 
strong hydrochloric acid on cinchonine and 
quinine (sec also Hesse, Annalen, 1874, 174, 
340; 1880, 205, 314). Skrnup (Annalen, 18S0, 
201, 324) first treated cinchonine with hydro- 
bromic acid, and Lippmnnn and Fleissncr 
(Monatsh. 1891, 12, 327) heated quinine with 
hydriodic acid. In all these cases substances of 
the general typo HBHal,2HHal (where B 
stands for the original vinyl alkaloid) were 
formed, except that tho methoxylated nlknloids 
(c.g. quinine) were simultaneous!}’ dcmcthylatcd. 
Comstock and Koenigs (Ber. 18S7, 20, 2510) 
showed that tho reaction proceeded not only 
on heating but also at room temperature, and 
obtained in this way not only the ordinary 
chloro- nnd bromohydrocinchonine but also 
cbloro- nnd broroohydroquinine, which still 
contain the methoxyl group. A copious litera- 
ture has accumulated dealing with tin's reaction. 

The formation of halogen derivatives, whether 
by the addition of the freo elements or by treat- 
ment with tho hydrneids, indicates only tho 
presence in the molecule of an unsaturated 
centre. The existence of a side-chain, nnd tho 
fnct that the double bond is contained therein, 
is shown by the behaviour of the vinyl-alkaloids 
with potassium permanganate. Whereas the 
hydro-alkaloids react but slowly or not at all 
(it is this property which led to their discovery 
nnd isolation), the unsaturated nlknloids in- 
stantly dccolouriso a dilute, ice-cold, acid 
solution of this reagent. Kerner first studied 
tho behaviour of quinine (Zeit. f. Cliemic, 
1809, 5, 593) nnd found that forntio acid was 
produced together with a substance which he 
called quitenine, C,j,H 22 0 4 N 2 (sec also Skraup, 
Annalen, 1S79, 399, 348). Similarly, Willm 
and Cavcntou (Annalen, 1870,Suppl. VII, 249), 
Hesse (Annalen, 1875, 176, 232), nnd Skraup 
(ibid. 1S79, 197, 376) obtained einchotenine, 
from cinchonine, Skrnup nnd 
Vo rt matin (ibid. p. 235) obtained cinehotenidine 
from einchonidine, and Forst nnd Boehringcr 
(Her. 1882, 15, 1659) oxidised quinidino to 
quifenidine. These “ tenincs " result by tho 
loss of one carbon atom ns formic acid ; they 
arc, unlike the parent alkaloids, saturated 
substances which, for example, do not react 
with hydriodic acid ; they arc tertiary bases 
and still contain a hydroxyl group ; ami finally 
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they 
and 

by Skraup (Ber. 1895, 28, 12), who Justifiably 
drew the conclusion that the unsaturated 
cinchona alkaloids contain a vinyl group, and 
that the “ teninea " are the otherwise unchanged 
carboxylic acids (R' = — COOH). 

Evidence to the same effect has been obtained 
by Seelies (Rcc. trav. chim 1923, 42, 60) : 
under the influence of Drone the cinchona 
alkaloids form ozomdes, which on hydrolysis give 
nse to aldehydes (R'=-CHO), correspond- 
ing to the 11 teninea.” Seelies gave these the 
termination -al, thus cinchoninaj, C H H t3 O.N t , 
and qwninal, C,,H, 2 OjNj. The position of the 
vinyl (or ethyl) group in the molecule will 
appear in the subsequent discussion 

The sleleton of the molecule of the cinchona 
alkaloids naturally and historically falls into 
two portions or “ halves ’* . the quinoline 
portion or the “ first half,” and the remainder of 
the molecule ot the ** second half.” The 
molecule readily undergoes fission in a corre- 
sponding manner, there being formed on tbe 
one hand simple derivatives of quinoline or 
C-methoxy quinoline, and, on the other hand, 
more complex derivatives of piperidine The 
structure of the skeleton, and at the same time 
the position of the hydroxyl and vinyl (or ethyl) 
groups, was dedncod from a study of such 
degradation products 

Uhcre are, broadly, three ways in which such a 
fission can lie effected. 

The first method, due mainly to Skraup, 
n by oxidation with chromic acid, when the 
“ fi rst half ” giv ca rise to the quinolmeearboxy he 
acids already mentioned. M2 cinchoniDic and 
quimnic acids They arc sparingly soluble 
readily i«ohb!e substances, and it is m their 
filtrates and mother liquors (which when simply 
evaporated afford intractable syrups) that the 
following substances denied from the "second 
half" are found raeroqumcno (from the 1 
vinyl nllaloids). cincholoipon (from the hydro- 
allaloids), and the ovulation products of these, 
'-incholoiponic and loipomc acids (Skraup, 
Monatah 18S8, 9, 783 , 1S9C, 17, 305 , Koenigs, 
Iler. 1894, 27, 1001). 
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Exactly the some substances result from the 
bxidation of the three seta of transformation 
products referred to above, tvs. from the 
" tonnes ” (Skraup and \Vurstl, Monatah. 
1889, 10, 220), the anhydro bases (Comstock 
and Koenigs, Ber 1884, 17, 1990), and from 
Rabe’s ketones (Ber. 1907, 40, 3657), thus show- 
ing the close relationship of these substances 
to tho parent alkaloids. The same applies also 
to the saturated carboxylic acids, the “ teninea” 
(formed by oxidation of the parent vinyl 
alkaloids with potassium permanganate), except 
that in this case neither mcroqtuneno nor cincho- 
loipon are formed, but only tbe quinoline- 
carbovylic acids, and cincholoiponic and 
loipomc acids (Skraup, Monatah ISS9, 10, 
42) 

The second method of fission was discovered 
by Koenigs. When the hydrochlorides of the 
cinchona alkaloids in chloroform suspension are 
treated with phosphorus pentachlorido there are 
formed, as already mentioned, substances 
such as cinchonine chlondo and quinine chloride, 
in which the original hydroxy 1 group is replaced 
by chlorine (Comstock and Koenigs, Ber. 1884, 
17. 1934, 1885, 18, 1219. For the correspond- 
mg bromides, see C. F Bochringcr und Soehne, 
O.m b IL, Rabe, Cohaure, and Scheel, O P. 
692340 and 692541, 1934). Thcso chlorides, on 
treatment with alcohohc potash, lose a moleculo 
of hydrogen chloride with tho production of a 
double bond. Tho " anhydro-basca " so formed 
are known aa quinene, cinchene, hydroqumeno 
(Giemsa and Halbcrkann, Ber. 1921,54,(B],I|D4) 
and hj drocinchene, each being tho identical 
product from two etcrcoisomeric parent 
alkaloids . thus both quimno chlondo and 
quinidine chloride give rise to one and the same 
quinene. 



CH=6^C , H^bH l 

h.c Ah, CH— R' 

NiT 

Quinene (lUi CH,0— ; VliCH,— CH — ) 
Clnrhcne (R I> H— ; R' U CH, — CH — X 
Rydnuiulnene (R Ii CH,0 — ; R'fs CH, CH, ) 
nydroclnehene (R is H — ; R'U CH,— CH,—) 
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CH 3 

ojJoCinclicnc (R la H — ). 

fljJoQiilncno (R la HO — ). 

When heated with liydrobromic acid, the 
anhydro-bases undergo an extraordinary reaction 
(Comstock and Koenigs, Bcr. 1881, 14, 1854; 
1885, 18, 122G, 2379; 1887, 20, 2674). The 
so-called apo cinchcno and apoquinene formed 
wero found to ho derivatives of phenylqtiinolino 
having tho Btructuro shown (see Koenigs, Bcr. 
1894, 27, 900 ; J. pr. Chcm. 1900, 61, 1 ; Kenner 
nnd Statham, J.C.S. 1935, 299 ; and Kenner and 
Nandi, Bcr. 193G, 69, 635). Tho vinyl group 
seems to bo essential in tho mechanism of this 
transformation, for, hydrocinchcno does not 
react with hydrohromic acid (Koenigs, Bor. 1894, 
27, 1604), nnd hydroquineno with hydrochloric 
acid only undergoes dcmcthylation (Giomsa and 
Hnlberknnn, Bor. 1921, 54, 1195). This is 
suggestive in connection with tho behaviour of 
tho cinchona alkaloids with mineral acids (see 
below). 

Tho reaction, howover, docs not throw much 
light on tho constitution of the alkaloids. 
Much moro illuminating is tho treatment of the 
nnhydro-bascs with phosphoric acid at 170° 
(Koenigs, Bor. 1894, 27, 900), which con- 
stitutes tho second method of fission of tho 
cinchona alkaloids. Hydrolysis occurs, 2 mole- 
cules of water being taken up, and thcro nro 
formed lepidino (4-mcthyl-quinolino) from cin- 
chene, and its G-methoxy-derivativo from 
numeric. Tho former sti bstanco, derived from 
tho " first half,” is also formed from hydro- 
eincheno (Koenigs nnd Hoerlin, Ber. 1894 v 27 
2290). The “ second half ” gives riso to the 
same substances which aro formed in Ekraup’s 
chromic acid oxidation, viz. meroquineno from 
cincheno nnd quineno, ancl cincholoipon from 
hydrocincliene. Tho oxidation products of 
these, cincholoiponio nnd loiponic acid, are 
not formed in this reaction. 

Before proceeding to the third method of 
fission, and to tho remainder of tho evidence for 
the Ftructurnl formula ret out above, it will bo 
convenient first to deal with tho constitution of 
tho degradation products already mentioned, 
and to summarise tho conclusions which can bo 
drawn. 

A full discussion of the nature of these 
mbsinnecs, howover, would go far beyond the 
rcope of this article. It will suffice, in tho case 
of the quinoline derivatives (from tho “ first 
half”) to mention, ns a matter of historical 
interest, that tho presence of a quinoline nucleus 


was early recognised, for Gerhardt (1843) had 
obtained quinoline itself (then unknown) by 
tho distillation of cinchonine with potash, and 
it was incidental to the investigation of these 
alkaloids that the constitution of this important 
heterocyclic base was studied. It was syn- 
thesised almost simultaneously in 1879 by 
Koenigs, by Skraup, and by Baoyer. 

In regard to the degradation products derived 
from the “ second half,” meroquinene, cincholoi- 
pon, cincholoiponio acid, nnd loiponic acid, it 
must suffice to append a bibliography of papers 
by Skraup and by Koenigs, who, almost ex- 
clusively, studied and elucidated tho constitution 
of theso substances. [Skraup’s papers aro to 
bo found in Monatsoh., 1888, 9, 783 ; 1895, 16, 
159 ; 1S9G, 17, 3G5 ; 1900, 21, 879 ; (with Piccoli), 
ibid. 1902, 23, 269. The relevant papers by 
Koenigs aro in Ber., 1894, 27, 900, 1501 ; 1895, 
28, 1896, 3150; 1897, 30, 132G; 1902,35, 1349; 
1904, 37, 3244; (with Bemhart), ibid. 1905, 38, 
3049. For a very full account of tho chomistry 
of meroquinene, see the experimental portion of 
Koenigs’ “ chef d’muvre ” (Annalcn, 1906, 347, 
193) ; the theoretical portion of this paper 
(p. 143 cl set f.) is entirely devoted to a full 
and valuablo review of tho then existing know- 
ledge of tho constitution of tho cinchona 
alkaloids. For a synthesis of cincholoiponio 
acid, see Wold nnd Losanitsch (Ber. 1007, 40, 
4098 ; Wold nnd Maag, ibid., 1909, 42, G27).] 

Tho molecules of cinchoninic acid (" first 
half”) and of meroquineno (“second half”) 
account between them for all tho 19 carbon 
atoms of cinchonine ; further, tho constitution 
of meroquineno fixes tho vinyl group in a 3- 
position to tho piperidine nitrogen atom; of 
tho threo Buch possiblo positions, two aro 
structurally identical, boing only stereo- 
chemically distinct, while tho third, made 
improbable by tho mannor of formation of 
meroquineno by Skraup’s method of oxidation, 
is impossible in tho light of its formation by tho 
hydrolytic process of Koenigs. Finally, seeing 
that the nitrogen atom in the “second half” 
of the cinchonine molecule is tertiary, whilo 
that of meroquinene is secondary', and because 
no further carbon atoms (such as a JV-me thy] 
group) can bo accommodated, it follows 
that cither the acetic acid residuo in tho 4-posi- 
tion of meroquineno or tho carbon atom of the 
carboxyl group of cinchoninic acid, must, in 
some way, bo joined to the nitrogen atom in tho 
cinchonine molecule. Of the several possibilities 
which these considerations open for tho 
structural formula of cinchonine, 1 and II 
(p, 142) were envisaged by von Miller nnd Rohdo 
(Bcr. 1895, 28, 1059); II which was originally 
preferred, was later rejected in favour of I by 
Koenigs (J. pr. Chem. 1900, [ii], 61, II) : ho pro- 
posed tho name “ quinuclidino ” for tho parent 
structure, from which tho “ second half” of tho 
following formula is derived hypothetically, 
nnd succeeded in preparing two stercoisomerio 
3-ethylquinuclidincs, one from meroquinene, and 
the other, by a different method, from cincholoi- 
pon (Bcr. ' 1004, 37, 3244). Tho formula 
accepted at tho present time, which is set forth 
at tho beginning of this section, was first con- 
sidered by Babe and Bitter (Annalcn, 1906, 
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r i/i\ 



CH.CH- 


N 


/IN. 

HjC I CH, 

— | — C OHl 

H.C I CH— CH=CH, 

in. 

>n Mllkr ami Rohde, 189», II) 


H.C^ CH^fcH. 

I I I 

H,C CH, CH — CH, — CH, 
^CH^ 

3 Ethjlqulnuclldlnc (Koenig*. 1001) 



H.C CH, CH — R' 

\l/ 

CH 

ClucUonatoxSncs 

350. ISO) ; it was adopted by Koenigs, Bemhart, 
and Ibele (Bcr 1907, 40, 649, 2873), by Rohde 
and Antonaz (ibtcf. 1007, 40, 2329), and finally 
singled out by a process of elimination by Rabe, 
Ktiltga, and Naumann (Annalen, 1909, 355, 
353). And it is this work of Rabe ’a which must 
now bring us back to the consideration of the 
third method available for the degradation of 
the cinchona alkaloids. 

In 1853 Pasteur (Compt rend. 1853, 37, 110) 
discovered that the acid sulphates of the 
cinchona alkaloids melt when heated with a 
little water at 140° and give rise to isomendes 
Thus from cinchonine he obtained a substance 
which he called cinchonicine, and from quinine 
quimcine. Moreover, cmchonidme gave rise 
to the same cinchonicine which was a bo formed 
from cinchonine. Similarly quinicme was 


obtained not only from quinine but tUo from 
quinidine. The«e substance*, which are now, 
for reasons to be stated below, perhaps best 
described as the cinchonatoxine*. or briefly as 
the lortnes, hare the constitution shown above. 

The study of the tonnes has plajed an 
essential part in the investigation of the parent 
alkaloid*, but the manner of arriving at the 
constitution of the former, which can hardly 
be dealt with apart from a description of the 
rc’earches which led to the formula of the latter 
will not bo indicated in detail Nevertheless, 
some salient points of interest may bo mentioned. 

Two other methods exist wherebj the cinchona 
alkaloids can be converted into the isomeric 
toxines One of these was unwitting]} dis 
covered by Claus and his pupib in 1878, and the 
other was developed by von Miller and Rohde 
in 1894 while engaged on a study of the Claus 
reaction The former chemist (Ber. 1878, 11, 
1820) found that the quaternary addition com- 
pounds of tho cinchona alkaloids with one mole- 
cule of an alk}] halide, when boiled with 
potassium hydroxide in aqueous solution, re. 
verted to tertiary bases lie regarded these as 
ordinary homologues of the parent alkaloids, 
many substances of the general tvpo “ methyl 
cinchonine ” were described m several papers 
(tee, for instance, Claus and Muller, Ber It^O, 
13, 2290, Claus and Mallmann, iM 1881. 14, 
76 , Claus, Annalen, 1892, 269, 232) von Miller 
and Rohde (Ber 1 894, 27, 1 1 87) found that the*e 
“ homologues ” formed phenylhydrazoncs, and 
could not therefore have the parent structure 
The parent alkaloids were not attacked by the 
reagent used (a solution of phenylhydrazine in 
acetic acid) unless heated w ith it at 100° for a 
long time. It was then found (i&trf p 1279) 
that cinchonine on heating with dilute arctic 
acid at 105° for 24 hours was transformed into a 
ketome base, which reacted with phenjl. 
hydrazine at once, and which, on moth} lation with 
methyl iodide and sodium hvdroxide, afforded 
a A’-methyl derivative identical with Claus'* 
'* methylcinchomnc " Tho kctenic ha*e, on 
account of ita alleged poi*onous properties and 
loss of antipyretic action, was given tho name 
" cmchotoxinc ” (;6id. 1893, 28. 1058) Its 
identity with Fasteur's cinchonicine was a!«o 
suggested. Apart from their phjsiologicd pro- 
perties, the tonnes were found to be remarkable 
in several other ways As Pasteur had already 
noted, they had a greatly diminished optical 
rotatory power, and the tonnes from stcreo- 
lsomene pairs of parent alkaloids of opposite 
sign of rotation were identical ; the alkaloids 
had become converted into ketones and second- 
ary bases ; finally, the nipturo of tho C— N 
hnkago was remarkable in taking place moro 
readily with weak organic acids (acetic, tartanr, 
phosphoric) than with strong mineral amis 
such as h}droch!oric acid (llabc and McMillan, 
Bcr 1910, 43, 3308 ; Rabe, tbid. 1012. 45, 
2927) Biddle (ibid 1912. 45, 526. 2832) 
independently made the same observation con- 
cerning the cause of thi< reaction, and In the 
course of detailed p!i}hico chemical researches 
with several pupil* (J. Amer. Chem. Foe. 1913. 
35, 418; 1015, 37, 2063, 2082. 208S ; 1916, 
“3, 901 ; 1917, 39, 963) reached the con- 
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elution Hint it was catalysed neither by hydrogen 
ions, nor by the anions of acids, but by un- 
di'sociatcd molecules of acids, a sufficient 
concentration of winch was only attainable in 
the case of weak organic acids. Rabe (Bcr. 
1007, 40, 3282; Annalcn, 1009, 365, 366; 
Italic, Schneider and Braasch, ibid. p. 377) 
pointed to the analogy between the toxinc- 
transformntion and tho conversion of narcotine 
into nomarceine. Both cinchonino and narco- 
tine nre l:2-amino-aIcohols, and Rabe adduced 
other illustrations in support of the general view 
that such substances are liable to undergo the 
intramolecular rearrangement which underlies 
the conversion of cinchonine into cinchotoxine, 
and it hns recently been suggested (Konopnicki 
and .Suszko, Bull. Acad. Polonnisc.1929, A. 340) 
that tho conversion proceeds in two stages : 


CH— OH 

I / 

CH— NC 
I \ 


C— OH 

- II / 

CH + NHC 


I 

CO 

<Lh„ 

I " 


+ NH 


/ 

\ 

Substances of tho intermediate enolic stage, in 
which tho enolic group is fixed by intra- 
molecular participation in an ether function, 
linvo been isolated, and it is proposed that the 
von Miller and Rohde toxine- nomenclature be 
reserved for tho final kctonic substances, while 
Pasteur’s original “ -icino nomenclature be 
adopted for the new cnol-ethers. The toxine trans- 
formation can easily be brought into excellent 
accord with modem electronic theory (see, for 
instance, Hanlmrt and Ingold, J.C.S. 1027, 097). 

The toxincs react with hydroxylamine to form 
ketoximes and condense with one molecule of 
amyl nitrile in the presence of sodium cthoxidc 
giving rise to isonitrosoketones of the type 

— CO— C:NOH 
1 

U hen Koenigs proposed his formula for cincho- 
nine in 1900 ho stated nlso that cinchotoxine 
must in conformity therewith have the structure 
indicated below 


NH 

l\ 

CO CH. CH. 



H.C tH.CH — CH— CH. 


Oinchotoxltjc (Koenig, 1000). 

Such a substance should react vith two mole- 
cules of nmyl nitrite to formadiiVonitrosokctonc 
of the tvj>c 

HON:C — CO — (LnoH 


von Miller, Rohde, Brunner and Fusscnegger 
(Ber. 1000, 33, 3214) failed to make cinchotoxine 
react with more than one molecule of amyl 
nitrite. The final disproof of Koenigs’ formula, 
and support for the formula proposed by Rabe, 
came on the one hand from Koenigs himself 
and on .the other from Rabe. In each case 
oximino- or isonitrosotoxines were shown to 
undergo smooth rupture, into simple quinoline 
derivatives, from the “ first half,” and piperi- 
dine derivatives from the second, when Bub 
jected to tho Beckmann rearrangement. Thus, 
Koenigs, Bemhart and Ibelo (Ber. 1007, 40, 
648, 2873) treated tho oxime of N-mcthylcincho 
toxino with phosphorus' pentachloride, and 
hydrolysed the product with aqueous-methyl 
alcoholic sodium hydroxide, or with diluto 
hydrochloric acid. There were formed 4-amino- 
quinoline, cinchoninic acid, iV-methylmcro- 
quineno and (probably) /J-4-(N-methyl-3-vinyl- 
piperidyl)-ethylamine, products which were 
decisive for Rabe’s formula ns ngninst that of 
Koenigs. Again, Rabe (with Ritter, Ber. 1903, 
38, 2770; with Ackcrmann, ibid. 1907, 40, 
2013) subjected isonitroso-A'-methylcinclio- 
toxino and isonitroso-A r -methylhydrocincho- 
toxino to the Beckmann rearrangement, and 
obtained cinchoninic acid and, from the first, 
tho readily isolablo nitrile of jV-mcthylmcro- 
quinene, from tho second, tho corresponding 
eincholoipon derivative. At about this time, 
also, as hns already been mentioned, Rabe 
succcded in oxidising the secondary hydroxylic 
cinchona alkaloids to the corresponding ketones, 
in itself decisive evidenco for his secondary 
hydroxylic formula as against Koenigs’ tertiary 
one. As ho pointed out, however, other 
formula;, nlso containing n secondary hydroxyl 
group, were conceivable, and theso were 
finally disposed of by studying the action of 
amyl nitrito on tho ketones (Rabe, Ber. 190S, 
41, 62 ; Rabe, Kuliga and Naumann, Anrfalen, 
1909, 365, 353). The alternative formula; 
envisaged by Rabe contain a — CH. — CO — 
group, and demand tho formation of isonitroso- 
ketones. Instead, it was found that fission 
once again took place in accordance with the 
scheme 


\ 


CH— CO ► 


\ 


N 


C(— N = 0)— CO- 


C(=NOH) + HO— CO— 

There were formed, that is to say, cinchoninic 
acid and oximinovinylquinuclidinc. 


HON. 


/I\ 

= C CH. CH. 


H.C CH.CH— CH = CH. 

" Nif 

Oxlmlnox lnylqulmiclldlne. 

Quininone, similarly, gave ri«e to this oximino- 
substance and to quininic acid, and hydro- 
cinchonininc furnished cinchoninic acid" and 
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Oximinoethylquinuchdine. The oximino- sub- 
8 tan cca on hydrolysis, afforded hydroxy Iamine, 
with meroquinene from the one and cincholoipon 
from the other. 

The constitution of the cinchona alkaloids as 
well as of the cmchonatoxincs had, in this way, 
been finally established. 

(fc) Synthesis. — This constitution was Tenfied 
in 1931 by the synthesis of hydroquinine and 
hydroqmiudino (ftabe, Huntenburg, Schultze 
and Volgcr, Ber. 1931, fit, 2487). The synthesis 
ia in four phases : 

Synthesis of quininic acid. 

Synthesis of Aomocmcholoipon (VI). 

Condensation of quimnic acid with homo- 
cmcholoipon to form hydroquinotoxine. 

Conversion of hydroquinotoxino to hydro- 
quinine and hydroquinidine. 

Synthesis of Quinime Acid . — The first phase, 
which constitutes a modification of Knorr’a 
qumohno synthesis (Annalen, 1886, 238, 69), | 
proceeds in six stages : 

1. Acetoacctic ester la condensed with p- 
amsidino by heating tho components together 

2. The resulting p mcthoxyacetoacetanihde 
(I) la nng closed by means of D0% sulphunc 
acid to 2-bydroxy-6 methoxy-4-methylquraolrae 

w. 



6h # 

i. 


6. To oxidise this styry Iquinoline derivatire 
with cold potassium permanganate in aqueous 
pyndine solution to 6-methoxyquinobned* 
carboxylic acid (quinmic acid' ; cf. Kaufmann 
and Peyer, Ber. 1912, 45, 1805. 

Synthesis of homoCt ncholoxpon — Tho second 
phase, tho synthesis of Aomoeincholoipon, pro- 
ceeds in three stages. Tho method used had 
been worked out for a lower homologue by 
Rabe and Kmdler (Ber. 1919, 52, 1846). The 
starting material, ^-collidine, or 4-mcthyl3. 
ethyjpyndine, which was discovered by Greville 
Williams (1855) and Oechsncr de Comnck 
(Compt. reml. 1880, 91, 296 ; Ann. Chira. 1882, 
f\], 27, 469) in the products of distillation of 
cinchonine with potash, had been synthesised 
by Ruzicka and Fomaatr (Hclv. Chira. Acta, 
1919, 2, 333 ; tee alto Rabe and Jantzen, Ber. 
1921, 54, 925; E. K6mgs and Ottmann, i bid. 
p. 1343) 

1. p Collidine at 85° ia condensed by means of 
zinc chloride with chloral. 

2. The resulting compound (IV) is converted 
by means of alcohoho sodium ethoxide into the 
acrylic acid derivative V, which is then — 

3 Catalytically hydrogenated in hydrochloric 
acid aolution to give Aomocincholoipon (VI) 


OH N 



IV. 



3. This is converted to tho corresponding 
chloromethoxymcthylquinohne by treatment 
with a mixture of phosphorus oxy- and penta- 
chloride. 

4. The chlorine atom is then eliminated by 
reduction either catalytlally in alkaline alcoholic 
aolution. or by means of aluminium and acetic 
acid. There is then formed p methoxylepidine 
(6 me thoxy-4 -met by Iquinoline) 

The direct oxidation of 6- methoxylepidine 
does not proceed smoothly, and it waa found 
better — 

5. To condense it with beniaWebyde in the 
presence of zinc chlondo to the corresponding 
C-benxyhdene compound (III), and then 


C-CH i,^ 

I H 

HC 


C— CH,— CH, 


NH 

HO,C-H,C ^CH, 

H.C CH — CH,— CH, 

SfT 

VI. 

The last stage results in a mixture of stereo* 
isomendes of which Aomocincholoipon w one; 
it can be isolated by fractional crystallisation of 
tho rf-tart rates of their ethyl esters. The 
desired stereoisomeride is obtained In pre- 
ponderating proportion only by ngidJy adhering 
to a set of narrowly prescribed conditions in 
carrying out the hydrogenation. Among three 
may be mentioned the recommendation that 
the platinum catalyst be specially aetirated by 
the method of Varoa (Ann. Chim. 1014, fix], 1, 
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149) and that tlio reduction be carried out at a 
pressure of 3 atmospheres and at G0 o ~70°. 

Condensation of Quininic Acid with homo- 
Cincholoijton . — In tho next phase of the synthesis 
quininic ester is eondensed with Jiomocinchoioipon 
ester — (he latter in tho form of its A r -hcn7oyl 
derivative — hy the Claiscn method. Rabc and 
Kindlcr (Bcr. 1918, 51, 13G0) had already, 
thirteen years earlier, succeeded in condensing 
cinchoninic ester vv jth non-sy nthetic /lomocincho- 
loipon to form hydrocinchotoxine, and had 
obtained hydroquinotoxine from (piininic ester 
m like manner (ibid. 1919, 52, 18*12). Tho latter 
condensation, under the agency of sodium 
cthoxide and in tho absence of a solvent, was 
now repeated with synthetic .N-bcn7oyl//omo- 
cincholoipon ethyl ester. Tho product (VII) 
was hydrolysed by means of hydrochloric acid, 
tho carhethoxy and bcnroyl groups being 
removed, and hydroquinotoxmc formed. 



OMe 


CH, 



CH-CH. CH 3 


VII. 


Contcrsion of lhjdroquxnotoxinc to Hydro 
quinine and Ilydroquinidmc . — Tho conversion 
of hydroquinotoxino to hydroquinmo and hydro- 
quimdino in the last p'hnso of tho synthesis, 
which proceeds m three stages, is the earliest 
phnso to have been elaborated, and dates 
hack to 1908. In the first two stages hydro- 
quinotoxme is converted to hydroquininone, and 
this is then reduced. 

Two methods exist for tho eonvcision of 
cinchonntoxmcs to cinehonnkctoncs. One was 
first described by Kabo m tho easo of cincho- 
tojcmo (Bcr. 1911, 44, ROSS). The other was 
devised by Kaufmann and iluher (Ber. 1913, 
46, 2913) for hy drocinehotoxino and liydro- 
qiiinotoiinc. According to Babe’s method the 
toxino is brommnted by means of hypo- 
hromous acid to a A’-bromotoxine, which then, 
unde r the age ney of sodium cthoMcle in alcoholic 
solution, undergoes intramolecular alkylation: 
hy clrogc n bromide is eliminate d, the quinuchdinc 
ring is closed, and a einchoiiakctono formed : 


H-N 



1 oxl III'. 



Br-N 

\ 


N-ilroinotcixlnc 


co- 


l Inrhoiutcton''. 


Ivaufmann’s method is similar. By brominat- 
ing with a mixture of bromine and strong 
hy drobromie acid a C-bromotoxine is formed : 

NH NH 

! \ I \ 

CO CH» >■ CO CH— Br 

I ‘ I 

The second stage is identical with Babe’s, a 
einchonaketone being produced also in this 
ease by an analogous mechanism. 

Each method hns certain advantages over 
the other. While Babe’s procedure is applicable 
to both saturated and misaturated toxines, 
Knufmann’s reaction is unsuitable for the 
latter. Babe’s method, moreover, can bo 
effected in one operation by the use of sodium 
hypobromite. On the other hand, tho C- 
bromotoxincs lend themselves to manipulation 
more readily than do tho N-bromotoxmes ; 
they separate m tho course of tho bromination as 
finely crystalline dihydrobromides. For tho 
complete synthesis m 1931, Babe and Ins colla- 
borators actually used Knufmann’s method. 

The last stage, the reduction of hydroquinin- 
one to hydroquininc nnd hy droquimdinc (for a 
discussion of the formation of both alkaloids 
from the one ketone, see next section (c) ), 
was the first to be achieved, for Babe, already 
m 1908, had obtained cinchonine by reducing 
nnelionmono with sodium in alcoholic solution, 
and with iron filings in acetic acid (Bcr. 1908, 
41, G7). Kntifmnnn nnd Huber (1 c.) reduced 
hydroemchoninone with palladium black and 
hydrogen and were tho first to obtain two 
stcrcoisomcric carbmols : hydrocinchonine nnd 
hydrocinohomdinc. The other hydro-alkaloids 
were prepared from non-synthetic sources m a 
einnlnr manner (Babe, Z. nngew. Chcin. 1913, 26 
343). Tho vinyl alkaloids proved more difinult 
to prepare from the ketones, because tho v inyl 
group on catalytic hydrogenation was also 
reduced. A reducing agent suitable for this 
purpose, which would attack tho ketono group 
but have tho vinyl group and tho quinoline 
nucleus intact, was finally found m aluminium 
metal, used on an alcoholic solution of tho 
ketono in the presence of sodium cthoxide 
(Bubo nnd Kmdlcr, Bcr. 1918, 51, 4GG ; 
Yercmigto Chinmfabriken, Zimmer &. Co., 
G.m.b.H., G.B. 330S13, 1920). 

In the synthesis described in 1931, with which 
we nro here concerned, the synthetic hy droqiim- 
mone was reduced by means of hydrogen and 
palladium black. A lrcshly prepared solution of 
the crystalline ketone, which contains a pre- 
ponderant proportion of one of tho two tauto- 
meric forms [.see section (e) ], gave largely hydro- 
quimdino which was isolated ns the tartrate. A 
little of a new stcreoisomende (m.p. 121°; [a] n 
-f 70 9') was also obtained. Hydroquininc was 
obtained by the reduction of an oily equdibrium 
mixture of tautomeric forms. 

Although a complete synthesis of hydroein- 
chonmo nnd hy drounchonidme has not been 
formally described, these substances can 
v irtually be considered to have been synthesised. 
They have been obtained from hy drcii inchonin- 
onc, nnd this from hydrocinchotoxine (Kaufmann 
and Hnlicr, If.). Hydrounchotoxine has been 
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prepared from einchoninic ester anti N-benzoyl- 
Aomocincholoipon ester (Rabe and Kindler, 
Ber. 1018, 51, 1360). The latter substance had 
at that time only been obtained by the oxidation 
of N-benzoylhjdrocinebotoxine (Kaufmann and 
Brunnscbweiler, Ber. 1016, 49, 2302), but has 
now, as we have seen, been synthesised. Finally, 
cmcbonimc acid was synthesised by Pfitiinger 
(J. pr. Chcm. 1902, (uj. 60, 263 ; cf. Thielepape, 
Ber. 1938, 71, 337.) The tas© is different for 
the unsatumted alkaloids cinchonine and 
quinine, tho syntheses of which present peculiar 
difficulties. 

It is of interest to note here, that by an 
analogous scries of reactions substances have 
been prepared from which the cinchona alkaloids 
may be considered to bo derived. In 1922 
Rato (Her. 1922. 55. {B], 522) proposed the 
names "rubane ” and “rubatoxane " for the 
following structures . 


tivrly, were described by Eabe, Kindler, and 
Wagner (Ber. 1922, 55, [B], 532) ; rubane itself 
(in optically active d - and I- forms), the four 
rubanols (the analogues of tbe cinchona alka- 
loids), and the rubyl chlorides were prepared by 
Rabe and Riza (Annalen, 1932, 496, 151) 
These substances are of purely academic 
interest except as regards their stereochemical 
relationships to the cinchona alkaloids. 

(c) Stereochemistry.— Tho cinchona alka- 
loids contain four dissimilar, asymmetric carbon 
atoms, marked (1) to (4) m tho following 
formula, in which Q stands for the quinolyl or 
6-methoxyquinolyl residue, and R' for the 
vinyl or ethyl group. Sixteen stertoisomeric 
forms (8 pairs of mirror-image enantiomorpbs) 
of any one alkaloid should therefore be capable 
of existence. Cinchonine and cincbomdine are 
two such forms, but they are not an enantio- 
morphous pair. 



N 

HX — HC^ CH^CH, 
III 
H,C CH, CH, 

Ns c*h 

Rubane. 



NH 


H,C — H t C CH t CH t 

III 

H.C CH, CH, 

\l/ 

CH 

Rubatoxane. 

Rubntoxanone and rubanone, tho analogues of 
tho cmchonatoxines and cmchonakctoncs respec 


Q N 

Id) (J )/ I 

H C C-H^. h CH, 


Ah | 
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Although tho nitrogen atom is also unsytn- 
metncal. it does not affect tho number of 
possible stereoisomendes, for, when two asym- 
metric atoms arc, directly or indirectly, linked 
together three times over, they constitute hot 
one centre of dissymmetry, as can be seen with 
tho aid of a model. This accounts, for example, 
for there being only two forms of camphor 
(Skraup, Ber. 1902, 35, 3981 ; Rabe, Md, 1922, 
55,527). 

Tho two problems which challenge the 
chemist are (1) to determine the relative con- 
figurations or “ partial rotations " of these four 
atoms in the various alkaloids, and 2) to prepare, 
in each structural case, the 14 other possiblo 
stercoisomeridcs. Tho present position H sum- 
marised in Table II, 


Table II. 


Caw 

Represented by the following alkaloids 

" Partial Rotation "of 
asymmetric C atoms. 

1 

Cinchonine, quimdine, and their dihydro derivatives 

12 3 4 

+ - + + 


epi Cinchonine, rpfquimdine, and their dihydro -dema- 
tivee 

+ - + - 

3 

epiCmchomdioe, epiquinine, and their dihydro- 
derivativea 


4 

Cinchonidine, quinine, and their dihydro-dcrivativcs 

+ — — — 

5* 

d Hydroquiwno (d-hydrocinchomdine and the corre- 
sponding vinyl alkaloids are unknown) 

- + + + 

Cf 

l Hydroquinidino (I-hydrocinchomne and the corre- 
sponding vinyl alkaloids are unknown) 

- + - - 

7J 

Not represented by known alkaloids 

— + + ” 

8} 

Not represented by known alkaloids 

- + - + 


• ensntlomorph of rase 4 J enantiomorph of ease 3 

| enantiomorph of ease 1. J enantiomorph of case 2 
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This infornmtion lias liccn obtained in the 
following manner : 

When cinchonine chloride in dilute sulphuric 
acid solution is reduced by means of iron filings, 
the halogen atom is replaced by hydrogen, and 
there is formed “ dcsoxycinchoninc ” (Koenigs, 
Her. 1893, 28. 3143 ; 1S9G, 29, 372). The same 
applies to the other naturally occurring 
alkaloids, a distinct dcsoxy-basc being formed 
in each case. These substances arc of central 
significance for tho solution of the problem, 
inasmuch as in their molecules carbon atom 4, 
but not 3, has become symmetrical. For this 
reason, Rabo and his collaborators (Annalen, 
1932, 492, 242), mistrusting the validity of 
stereochemical arguments based on substances 
obtained by means of phosphorus pcntachloride, 
prepared the dcsoxy-bnses by a different route, 
I'i;. by heating tho hydrazones of the cinchona- 
ketones (c.g. cinciioninonchydrazonc) with 
powdered potash : 

C-N— NHj-)-CH 2 +N : , 

a method due to Kishncr (J. Russ. Phys. Chcm. 
Soc. 1011, 43, 139S, and later papers). No 
modification of the argument, however, was 
necessary. 

The einehona-toxincs and -ketones furnish 
cases in which both carbon ntoms 3 and 4 
are rendered inactive together, while carbon 
ntoms 1 and 2 remain unchanged. It is this 
circumstnnco which accounts for there being 
only one toxinc and only one ketono for any 
one given pair of stereoisomcric parent alkaloids. 
Tho ketones aro at first sight, liko tho dcsoxy- 
bnses, symmetrical about carbon atom 4 but 
not about carbon atom 3. Rabo showed, 
however, that while this mny be the enso for the 
solid substances, in solution cnolisation occurred, 
and dynamic equilibrium was established 
between the keto- and tho enol- forms : the 
cinchonnkctones nro tautomeric (Rabe, Kulign, 
Marschnll. Nauinann and Russell, Annalen, 
1910, 373, S3). Thus tho ketones nro slightly 
soluble in strong caustic alkali solution; they 
form O-benzoyi derivatives and they exhibit 
mutarotation. The asymmetry of centre 3 
being destroyed in tho enol- form, complete 
racemisation of this centre, in the keto- form 
nho, must tako plnce in solution. 

That the configuration of centres 1 and 2 is 
the same for nil the alkaloids was foreshadowed 
by Pasteur (Compt. rend. 1803, 37, 110), who 
observed that any one pnir of stereoisomcric 
nlknloids was transformed to one and tho same 
feebly dextrorotatory “ -icinc "(toxinc). Howard 
(il.C.S. 1873, 26, 1 177) also noted that the optical 
rotatory powers of cinchonicinc and of quinioinc 
"ere, fairly accurately, the arithmetic means of 
those of cinchonine and cinchonidine, and of 
quinine and quinoline respectively. The oxten- 
fion of this argument from one stereoisomcric 
pair to nnother structurally distinct pair 
i» made povihlo for all the vinyl alkaloids on the 
one hand, and for all the hydro-alkaloids on the 
other, by the fact that they all give rise to one 
ami the lame optically identical meroqninenc or 
cinrholnipon, ns the case mny bo. These 
degradation products of the “second half” 
tot i t.un the original ccnttes 1 and 2 intact. The 
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stereochemical gap between the saturated and 
unsaturated scries was first closed by Koenigs 
(Ber. 1902, 35, 1350), who reduced meroquinene 
by means of zinc dust and cold, fuming hydriodic 
acid, and obtained cineholoipon, optically 
identical with that gained from the hydro- 
alkaloids by degradation. Since that time the 
transition from the vinyl to tbo hydro-alkaloids 
has been often effected by the method of 
catalytic hydrogenation. 

Directly or indirectly, then, all tho cinchona 
alkaloids give rise to one and the same einehol- 
oipon, and so have tho same configuration about 
centres 1 and 2, tho total contribution of whirl) is 
weakly dextrorotatory, ns shown by tho optical 
rotatory power of the ketones and tho toxincs. 
Tho individual configuration at each of theso 
rentres has boon worked out recently (Henry, 
Solomon, and Gibbs, J.C.S. 1937, 594; 1938, (>) 
by a study of tbo isonierides of tho unsaturated 
alkaloids formed by tho action of minora! noids 
(see section (d) below), and tho results nro 
included in Tnbio II. For tho present, purpose it 
will suffico to regard carbon ntoms 1 and 2 
ns constituting a singlo asymmetric centre, 
which is dextrorotatory in totnl effect in tho 
nnturally-occurring alkaloids. On this basis 
thoro will bo 8 stcrcoisomcridcs in any one ease of 
a singlo structural type. In the hydroquinino 
series, G of theso 8 cases aro represented. Of 
these, two, /-hydroquininc and rf-hydroqninidino, 
occur naturally ; their full mirror image ennntio- 
morphs, rf-hydroquinine and 1-hydroquinidino 
havo been synthesised by Rabo nnrl Sehultze 
(Ber. 1933, 66, [B], 120); tbo remaining two, epi- 
hydroquinino and c/n'hydroquinidinc, were pre- 
pared from hydroquininonc by reduction, ns well 
ns from hydroquinino or hydroquinidino by 
treatment with amyl alcoholic potash (Rabe anil 
others, Annnlcn, 1932, 492, 242). 

In spite of identity of configuration at centres 
1 and 2, the stcrcoisomeridcs cinchonine and 
cinchonidine — to take an instance — arc, never- 
theless, distinct, and must therefore havo 
opposite configurations either nbout carbon 
atom 3, or about carbon atom 4, or at both theso 
centres. Now, tho distinction between tho two 
is preserved in tho dcsoxy- bases ; deaoxycin- 
choninc is not tho same as desoxyeinehonidine, 
although they are identical at centres 1 and 2 and 
nlso nt 4, being symmetrical at the latter point. 
Tho two dcsoxy-bnses nro therefore epiincric 
nbout carbon atom 3. The same applies to tho 
parent alkaloids, except that these may or mny 
not be epimeric also nbout carbon atom 4. Tho 
ideal way to settle this last point would be by an 
analogous procedure. Unfortunately, however, 
no derivative of the cinchona nlknloids is known 
in which carbon atom 3 becomes symmetrical 
whilo carbon atom 4 remains unchanged. 

Tho problem is solved by studying the reduc- 
tion products of the einchonaketonca. 

Carbon atoms 3 and 4 in tho ketones are race- 
mised by the dynamic equilibrium of tautomeric 
forms. On reduction back to the secondary 
alcoholic condition, however, they should 
resume a fixed dissymmetry. Now," tho pro- 
duction of two new asymmetric carbon atoms in a 
molecule already possessed of an independent 
centre of dissymmetry, and optically active. 
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should result in four non-enantiomorphous 
itereoiromendes : these need not necessarily be 
formed in equivalent proportions. The reduc- 
tion of the cinchona -ketones should therefore be 
expected to give nse to four stereoisornenc 
carbinols ; the original naturally occurring 
pair, and two others. Thi« was first found to be 
the ca»e with bj drocinchoninone (Vemnigte 
Chmmfabnken, Zimmer &. Co , G Ri.b H. p G.P 
330SI3, 1920), which, on reduction with 
aluminium or xinc in alcoholic solution and in 
presence of sodium ethoxide, furnished the 
strongly dextrorotatory hydrocinchonine 
([<0n + 190°), the strongly Ixvorotatory hydro- 
cmchonidine (fa] D —95°), and two other 
alkaloids, ono of (a] p + S8 5° and the other of 
[a],, +4S°. It was then pointed out by King 
and Palmcr(T C.S 1922, 121, 2577) that, without 
having to use the questionable procedure of 
applying in a strictly quantitative sense Hud- 
son's rule of optical superposition, it was 
nevertheless possible to deduce, justifiably 
enough, that the 6trongly dextrorotatory 
hj drocinchonine had a dextro configuration at 3 
and alio at 4 , that similarly, the stronglv Ixvo 
rotatory h) drocmcbonidme had a Ixvo con 
figuration at each of thoso centres; while of 
the two new alkaloids, both of a more feeble 
rotator) power than either of the preceding, 
natural!) occurring stereoisomcndes, one had a 
dextro- at 3 and a Ixvo configuration at 4, and 
the other, n« rersa, was dextro at 4 and Ixvo- 
at 3 The argument was generalised by analogy 
to all the cinchona alkaloids, but it was pointed 
out that, on the evidence, it was impossible 
to establish the constitution of the new “ h) dro- 
cinehonmcs " 

The justification for that generalisation, and 
the identification of each of the new “ ep»- 
bx«es " was furnished by Rabe, Irsehirk, Suszka, 
Muller, Nielsen, Kolbe, von Riegen and Hoch- 
st&tter (Annalcn, 1932, 492, 242) AU the “ ept- 
ba*es " (Me Tabic II) were prepared, on the one 
hand, bv reduction of the ketones, as had been 
done in the Zimmer patent with hydrocinchonin 
one, and on the other hand, by epunensation 
of the parent alkaloids by means of amyl 
alcohobc potash. lor, in the latter process, it 
was found, for example, that rinehonmc gave n*e 
noton!) to cmchonidine (Koenigs and Husmann, 
Her 1>9G, 29, 2183), but to a mixture in dynamic 
equilibrium of all four stcreoisomendcs m 
question — cmchonidine, epicinrhomdine, ep»- 
cmchonme, and unchanged cinchonine _ It was 
found, in experimental venfication of King and 
Palmer’s analogical generalisation, that the two 
most fcellv rotating substances in any ono 
group of four stcrconomendes were the new 
'■ epi bases " 

> really, all the new alkaloids were identified 
bv conversion to the chlorides, and reduction of 
these to the dcvjxy-bases in each case. In each 
group of four, one “ rpi-basc " gave n“e to one 
previous!) known dcsoxy-baso, and the other 
to the other. In the case of cinchonine, cm- 
rhonidme, and their two new congeners, for 
example, one of the latter gave nse to desoxy- 
cinchomnej it was hence identified as epi- 
cinchomnc (+ at 3 , — at 4) ; theother furnished 
desoxv cmchonidine, and was assigned its 


position as rpf cmchonidine (— at 3 ; + at 4). 
This relation is illustrated below. 

Dextro-con figuration at 3. 

Cinchonine epiCinchonine 

(+224 4'; (4-120-3*; 

+ at 4) - at 4) 

L J 

4 . 4 

Dosovj cinchonine 
(4=symm ) 


Lse vo- configuration at 3 

epiCinchonidme Cmchonidine 

(+C2 8'; (-111*; 

+ at 4) - at 4) 

4 i 

Dcsoxj cindionidme 
<4=symm.) 

The synthesis of the optical antipodes of 
hydroqumme and of hydroqumidme (Cases 5 
and 6 in Table II) was effected by Rabc and 
Schultzc (le.) by precisely the same method 
whereby, as already explained their naturally 
occumng stereoisomcndes had been synthesised 
two years earlier. 

The fj and y-carbon atoms of Aomocincho- 
loipon (which had then been synthesised, and 
formed one of the last stages in the main 
»ynthesis) are unsymmetncal, and constitute 
carbon atoms 1 and 2 respectively in the sub 

NH 

HO.C— CH.i^CH, 

J cu 

NrfT' 

Y 

AomoCInchoIolpon. 

sequent einchona molecule. komoCincholoipon 
can therefore exist in two racemic modifica- 
tions, and both wero in fact formed. Of tho 
resolved, optically active components of ono of 
the*e forms, one, obtained by means ofd tartanc 
acid, has proved to be identical with d homo- 
cmcholoipon (i e with that obtained by the 
oxidation of benxoylh) drocmchotoxine). The 
other, its Ixvo-enantiomorph, obtained similarly 
by means of I tartanc acid, was estenfied and, 
m the form of ita N bcnio)l denvative, was now 
condensed w ith quinmic ester exactly as before- 
Carbon atoms 1 and 2 in the resulting hydro- 
qumotoxine therefore were Ixvorotatory In 
combined effect. This new hj droqnuiotoxine 
was then conv erted to a new hydroquminone as 
before, which, on reduction, gave nse to a 
mixture of carbinols containing presumably four 
stereoisomcndes Of these, only d bydroquinme 
and / h) droquinidine, however, were isolated. 
They were identical m all respects with tw 
naturally occumng Mivdroquimne and o- 
bydroqumidme respectively, except that they 
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had opposito signs of rotation. Numerically 
tlie rotations of the new ennntiomorphs were 
respectively equal to those of hydroquinine 
and hydroquinidine. On admixture, each pair 
of ennntiomorphs formed a racemic, optically 
inactive compound. 

The other stereoisomeric Iiomocincholoipons, 
also present in Itahe’s crude synthetic product, 
were not isolated. They would form the starting 
material for a synthesis of cinchona alkaloids in 
which carbon atoms 1 and 2 would have con- 
figurations differing, relatively to one another , 
from that present in the natural bases. These 
other /mmocincholoipons would provido a routo 
to synthesis of some of tho isomerides, which 
enabled Henry, Solomon and Gibbs (l.c.) to 
proposo sopnrnto configurations for carbon 
atoms 1 nnd 2, and a discussion of which 
follows. 

(rf) Behaviour with Mineral Acids. — A 
broad distinction between the hydro-alkaloids 
nnd thoso of tho unsaturated scries is that tho 
former nro substances which arc relatively 
stable nnd indifferent to tho action of strong 
mineral acids. These reagents serve, at most, to 
dcmethylato tho mcthoxylntod hydro-alkaloids, 
hydroquinino nnd hydroquinidine, to hydro- 
cupreine nnd hydrocupreidino respectively. 

Tho unsaturated alkaloids, on tho contrary', 
when treated with mineral acids, sometimes 
oven under relatively mild conditions, undergo a 
series of changes tho nature of which has been 
and, to a smaller extent, still is a voxed problem 
in tho history of these alkaloids. The difficulty 
is to somo extent an experimental one. The 
reaction usually gives rise not to a single 
substance, but to a variety of products which are 
difficult to sepnrato ; many liavo a marked 
tendency to form with one another loose com- 
pounds which behave ns singlo substances. 
Some, particularly the phenolic bases derived 
from quinine and quinidine, nro difficult to 
cryatniliso nnd to characterise owing to in- 
stability in tho air, or to indcfinitencss of melting- 
point, or owing to tho fact that they undergo 
slow decomposition on drying for analytical 
purposes. 

This problem i3 still receiving nctivo attention 
in several laboratories, but enough is now known 
to warrant the following tentative account, even 
though it mny require modification in tho near 
future. Tor this reason also, nnd in view of the 
complexity of the subject, it will be moro con- 
venient not to encumber tbc discussion with 
references cither to particular cases or to the 
experimental evidence. Tho bibliography of the 
literature on which this account is based will be 
found at tho end of this section. 

Three distinct types of substance mny be 
produced when "the unsaturated cinchona 
alkaloids nro treated with mineral acids. The 
first typo (A) arises from the addition of the 
dements of the reagent to tho double bond. 
The other two types result from the isomerisa- 
tion of the parent alkaloids by (B) wandering of 
the double kind, nnd (C) loss of the double bond 
by intramolecular ether formation involving the 
central hydroxyl group. In - addition, the 
mcthoxvlated alkaloids, quinine nnd quinidine, 
undergo demrthylation when tho action is 


sufficiently drastic ; the phenolic bases apo- 
quinine, npoquinidine, and their congeners are 
then formed. The three types havo had assigned 
to them tho following structural formuire 
respectively, which are probably substantial!}' 
correct : 


CH(OH)- 

(0 


N \ 


-CH 


CH, 


CH„ 


CH(OH)- 


1 

c 

CH- 
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CH 

(-’) 
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•CH 

I 
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1 

,C 
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CH 


Q 

I 

(4)CH- 


ch 3 
I 

C(5) 

I 

H 

( 2 ) 

Type H. 

N 

«)/' I \ 

CH ^ CH, 

I <L I 

H„C 7 - CH— CH— CH, 

* \ I 

CH 


Type C. 

Q stands for tbc qulnnlyl-, G-hydroxy- or 
methoxyqulnolyl residue. 


A fourth type of substance is nlso formed. 
This cannot, however, be considered here, ns no 
general agreement has ris yet been reached con- 
cerning its structure. This fourth typo is 
represented by “ S-cinchonine ” (“ a- and p- 
cinchonhydrino ”) from cinchonine, “ niquinc ” 
from quinine, and “ niquidine ” from quinidine. 

Substances of typo A (X=lmlogen) arc formed 
to the exclusion of the other types when any 
vinyl nlknloid is treated with very concentrated 
hot or cold halogen hydracid ( c.g . hydrochloric 
acid, saturated at -17°). The same substances 
arc also produced when any of the transforma- 
tion products, A (X =— OH), B, or C, are 
treated in similar fashion, except that a higher 
temperature is then requisite. 

When tho acids arc dilute nnd hot (c.i 7. 
hydrochloric ncid of sp.gr. 1-125 at 140°), or 
when sulphuric arid (50% and upwards) is 
used instead of the halogen ncid?, all three types 
arc formed side by side, except that in the case 
of the Levorotatory alkaloids, einehonidinc and 
quinine, type C is absen*. This statement 
also applies cither to the parent alkaloids or 
to any of the transformation products under 
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No two parent alkaloids arc known to give 
rise to any one and the sarao transformation 
product. It Is assumed, therefore, that the 
configurations of the four nsymmetric carbon 
atoms originally present are not affected by 
treatment with acids, nnd that tho transforma- 
tion products derived from other possible, but 
still unknown, parent types would similarly 
occur in distinct sets. 1 The existence of three 
tVoquinidinca of one type renders this assumption 
untenable, at all events in tho caso of typo C. 
Tho third isoquinidino is not derived from 
quinidine, but probably from a stcrcoisomcrido. 

Tho following bibliography, on which tho 
foregoing account of tho behaviour of tho 
cinchona alkaloids towards mineral acids is 
based, is arranged on a chronological basis of 
authors. Tho publications of any ono nuthor 
and liia collaborators aro not interspersed with 
thoso of other authors, so that tho order of tho 
entiro list is not chronological. Tho authors are 
listed in order of dato of tho earliest publication : 

Zorn (J. pr. Chcm. 1873, [ii], 8, 270) ; Hesse 
(Annalen, 1880, 205, 314; 1888, 243, 131; 
1890, 260, 213; 1892, 267, 138; 1893, 276, 88, 
125) ; Julius (Monatsh. 1881, 6, 750) ; Comstock 
nnd Koenigs (Her. 1887, 20, 2510) ; Koenigs 
(Annnlcn, 1006, 347, 184) ; Jungfleisch and 
Lfgcr (Compt. rend. 1887, 105, 1255; 1888, 
108,69,357, 057, 1410; 1889,108,952; 1891, 
113, 051; 1892, 114, 1192; 1893, 117, 42; 
1891, 118, 29, 530 ; 1894, 119, 1268 ; 1895, 120, 
325 ; 1901, 132, 410, 828 ; Ann. Chim. 1920, 14, 
59) ; I/ger (Compt. rend. 1918, 166, 76, 469, 
903; 1919, 168, 40-4; 1919, 169, 67, 797; 
J. Pharm. Chim. 1930, 23, 558) ; Lippmann and 
Flcissncr (Her. 1891, 24, 2827 ; 1893, 26, 2005 ; 
Monnlsh. 1891, 12, 327; 1893, 14, 371; 1895, 
16, 34) ; Skraup (Monatsh. 1891, 12, 431 ; 
with Schubert, Monatsh. 1891, 12, 669 ; 13cr. 
1892, 25, 2909; Monatsh. 1893, 14, 428; 
1897, 18, 411 ; 1899, 20, 571, 585; 1900, 21, 
512; with Zwcrger, Monatsh. 1900, 21, 535; 
1902, 23, 455; 1904, 25, 894; Monatsh. 1901, 
22. 171, 253, 1083, 1097; 1903, 24, 291, 311 ; 
with Egcrcr, .Monatsh. 1903, 24, 669) ; Puro 
(Monatsh. 1891, 12, 582; 1892,13,070; 1895, 
10, 68); Neumann (Monatsh. 1892, 13, 651); 
Cordicr von Lowcnlinupt (Monatsh. 189S, 19, 
401); von Arit (Monatsh. 1899, 20, 425); Danger 
(Monatsh. 1901, 22, 151, 157); HlavniCkn 
(.Monatsh. 1901, 22, 191); Widmar (Monatsh. 
1901, 22, 976) ; Knas (Monatsh. 1904, 25. 1145; 
1905, 26, 119); Pfnnnl (Monatsh. 1911, 32, 
241); Pancth (Monatsh. 1011, 32, 257); 
Bottchcr nnd Horowitz {Monatsh. 1911, 32, 
793; 1912.33,567); Rnbo and Bottchcr (Ber. 
1917, 60, 127); Eosenmund nnd ICittler (Arch. 
Pharm. 1924, 262, IS); Giemsa and Bonnth 
(Her. 1925,58, [B], 87) ;FrankcI and Buhlea (Ber. 
1025, 58, [B[, 559); Suszko cl al. (Bull. Acad. 
Polonaise, A. 1925, 129; 1929,340; 1933,119; 
1935, 65, 360, 415, 457, 465; Kocz. Chem. 
1933, 13. 3C0, 464; Rce. trav. chim. 1933, 52, 
M9, 817; 1935, 54, 481; 193G, 55, 392); 
Henry (with Solomon, J.C.S. 1934, 1923; 
with Solomon nnd Gibbs ibid. 1935, 966 ; 1937, 
692) ; Goodson (J.C.S. 1935, 1094) ; Solomon 
(ibid. 1938, 6). 

1 Hut In the case of t}*pc 15, »<■<■ footnote on page 150. 


6. Properties of Individual Substances. — 
Tho following list, designed to give more 
detailed information concerning the discovery, 
occurrence, nnd properties of tho individual 
alkaloids and their derivatives, is arranged in 
alphabetical order of tho naturally occurring 
alkaloids (p. 128). After each description of an 
alkaloidal base there follow descriptions of its 
principal salts nnd derivatives, nnd tho moro 
important of its transformation and degradation 
products. 

Aricine (quinovatino), C 23 H 2l .0 4 N 2 , named 
after tho port of Arica in Peru, was discovered 
in Cusco bark (C. Pclkticrana) by Pelletier nnd 
Corriol (J. Phnrm. Chim. 1829, 15, 575). It 
forms large, colourless prisms from alcohol, 
m.p. 188°, [a]" -58-2° (c=2 in 97% alcohol), 
but +14-5° in acid solution. It is solublo at 
15° in 100 parts of 90% alcohol, or 33 parts of 
ether, very solublo in chloroform and insolublo 
in- water. With concentrated sulphuric acid it 
gives a grcenish-ycllow colour, changing to deep 
bluo on addition of ammonium molybdato, nnd 
this becomes olivo-green on warming. This 
colour reaction is also characteristic of cusconine. 
Nitric ,'acid produces a deep green coloration, 
and affords n grcenish-ycllow solution. Aricino 
is nstringent but not bitter in tasto. It is a 
weak base, nnd its salts dissociate in water. 

Thohydrochloridc, B-HCI,2H 2 0. forms colour- 
less prisms, slightly solublo in cold water. Tho 
sulphate, B 2 -H 2 S0 4 , consists of fine needles, 
fnirly Bolublo in* cold water. The acid sulphate, 
B-H 2 S0 4 , is less soluble. Aricino also forms an 
acetate, a citrate, a hydriodide, nnd two 
oxalates, the " binoxalalc," B-C 2 H 2 0 4 ,2H 2 0, 
being very sparingly soluble in cold water. 
Tho plntinicliloride, salicylate, nnd thiocynnnto 
aro also described (Hesse, Annalen, 1878, 185, 
296 ; MoisSan and Lnndrin, J. Pharm. Chim. 
1890, 21, 337). 

Cbairamidine, C 22 H 2C 0 4 N 2 , was isolated 
from tho bark of Pcmijia Pnrdieana by Hcsso 
(Annalen, 1884, 225, 253). It is accompanied 
in tho bark by a scries of other alkaloids, and is 
isolated by first removing theso as sulphates, 
hydrochlorides or thiocyanates. For details 
of tho method Hesse’s paper should bo con- 
sulted. Chairnmidinc is a white, amorphous 
powder containing 1 H 2 0. Tho anhydrous 
substanco has m.p. 12G°-128° (dccomp.), and 
[a]” -f7-3 0 (e=3 in 97% alcohol). It is insolublo 
in water, nnd readily soluble in alcohol, ether, 
chloroform or benzene. It dissolves in con- 
centrated sulphuric acid to a yellow solution, 
which slowly turns green. Animal charcoal 
removes it complete!}* from a solution in ncetic 
ncid. Cliairamidino is a weak base, and its 
solutions in alcohol aro neutral to litmus. Its 
salts are amorphous. 

Chairamine, C, 2 H 2( .0 4 N 2 , also occurs in 
Pemijia Purdicana (Hesse, Annalen, 18S4, 225, 
243), and is obtained ns the hydrochloride from 
tho mother-liquors remaining after removing tho 
concusconinc ns sulphate. The base crystallises 
with 1 H,0 from dilute alcohol (slender whito 
noodles) or from strong alcohol (thick prisms). 
The hydrate melts at 140°, nnd the anhydrous 
base at 233° ; [a] D about +100° in 07% alcohol. 
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It is aoluble at 11* in 510 parts of 97% alcohol, 
but is readily soluble in ether or chloroform. It 
dissolves to a colourless solution in concentrated 
sulphuric acid, hut this slowly turns dark green. 
This colour is also produced when concentrated 
nitric acid h added to a solution of cbairammo w 
noetic acid. In addition to the crystalline hydro- 
chloride u«ed for its separation, a sulphate, 
B,'HjS0 4 ,8H s O, is also known. 

Cl n ch a ml d i n e. — S't Hydrocinehonnhne. 

Cinchona Febrifuge.—Jre Qmnetum. 

Cinchonamine, C„H„ON t , was isolated by 
Arnaud (Compt. rend. 1881, 93, 593; 1SS3, 97, 

1 74). It occurs in the bark ofI?emijia Purdieana 
together with cinchonine, concnsconuic, chair 
amine, chmraraidinc, conchairnmme, and con- 
chairamidinc Hesse (Annalcn, 1831, 225, 211, 
218) gives a scheme of separation The cm 
choni mine is punfird by taki ng adv antage of t he 
insolubility of its nitrate The base crystallises 
from alcohol in needles or orthorhombic, tnbn- 
luminescent pnsms, m p 181®-1S3“ (Hesse), 
195° (Arnaud), to)" +1211* (t-2 m 97% 
alcohol) It is almost insoluble m cold water, 
but slightly soluble in hot water, from which it 
crystallises in short prisms Cinchonamine 
dissolves in 31 G parts of 90% alcohol at 17®, 
and in 100 parts of ether It is also soluble in 
chloroform, benzene, light petroleum or carbon 
disulphide. Cinchonamine is said to be toxic, 
but moro powerfully antipyretic than quinine 
Its solutions do not fluoresce, neither do they 
give the tballeioquin reaction. It differs from its 
isomendes, hjdrocinchomno and hydrocin 
chonidine, in being readily attacked by potassium 
permanganate Cinchonamine docs not contain 
a methoxyl group, but forms a methiodide and 
an ocetyl derivative. With mtnc acid it forms 
a yellow, amorphous, explosive duutro denva- 
five. 

Cmchommmc is a strong diaeidic base which 
forms well-defined salts Of greatest interest is 
the nitrate, BHNO, (minute pnsms, mp 
19C°), the insolubility of which is found urcful, 
as already stated, in purifying this alkaloid 
Arnaud (Ann. Chim. 1890, 19, 93) proposed the 
uso of cinchonamine for the estimation of 
nitrates, but the method is limited in its applica- 
tion (Howard and Chick, J.S C I 1909, 28, 53). 
The hydrochloride, B HO, soft laminT, or 
B HCl.HjO, transparent cubical crystals, is 
soluble m 200 parts of water at 27° (Howard 
and Perry, i bid 1905, 24, 1281) Tho sulphate, 
Bj-HjSO, (pnsms), in contradistinction to a 
number of cinchona alkaloids, is very soluble in 
water, as is also the acid sulphate, B HjSO t 
(octahcdra or pnsms). Tho citrate, hydro 
bromide, hydnodide, raslate, platimchlpnde, 

I terate, tartrate, and thiocyanate are also 
nowu. Boutroux and Gcnvresse (Compt rend. 
1897, 125, 407) have desenbed a senes of crystal- 
line double chlondes with cadmium, zinc and 
copper. 

Cinchoniclne . — See Cmchotoxine under Ci a- 1 
thomne. 

Cinchonldine, Ci,H m ON,. occurs naturally 
in most cinchona barks, and particularly in 6*. 
««ectruira It can al«o be obtained artificially 
by treating cinchonine with amyl alcoholic 
potash (Koenigs and Husmann, Her. 1890, 29, 


2185). It was first isolated from C. tucujensis 
by Winchler (Jahresbencht, 1847/1848, 620), 
who called it “ quinidine.” It was renamed 
“ cinchomdine " by Pasteur (J. Phara. Chim. 
1853, 23, 123), who suspected that the new 
alkaloid was isomeric with cinchonine. The 
confusion which resulted in the literature tnvr be 
regarded as typical of tho uncertainty, which 
existed in tho middle oflast century, concerning 
the identity of several cinchona alkaloids (we, 
e g. Hesse, Annalen, 1SG5, 135, 334; 1873. 168, 
243 ; 1875, 176, 322 ; Her. 1877, 10, 2149, 2152). 
The identity of cinchonidine was finally placed 
on a satisfactory basis by Skraup and Vortmann 
(Annalen, 1879, 197, 226), who also gave it the 
correct empirical formula. It is isolated (from 
the mother-bquors from quinine sulphate) as 
tartrate, and punfied either as neutral sulphate 
(Hesse, Annalen. 1880, 205, 19G). or as acid 
sulphate ; for tho preparation of the latter, 
each gram of crude, dry cinchonidine base is 
dissolved in 2 1 e c. of 50% sulphuric acid and 
11 c.c. of alcohol. Tho base is finally recovered 
and recrystalliscd from alcohol The product so 
obtained still contains some qumme and hydro- 
cmrhomdme, which can be removed by re- 
c ry s t alligation from benxene, and fractional 
crystallisation from alcohol respectively (Duttle, 
Henry, and Trevan, Ciochcm. J. 1931, 28, 
436). 

Cinchonidmo crystallises in anhydrous. Urge 
tnmctnc pnsms, or thin plates. Its melting- 
point has been given variously, ranging from 
202° to 210 5®, the melting point given by 
Buttle, Henry, and Trevan (i6id, p. 438) for 
their pure cinchonidmo is 291 5®. It is l®vo- 
rotatory- faj}, Ta —107 9® (e-1 in I vol. 
alcohol +2 vols chloroform) (Lenx, Z. anal. 
Chem 18SS, 27, 503); -86 2® (e-1-0955 in 
chloroform) (Rabc e t a! , Annalen, 1910, 373, 
100), -111 0“ (e=0 878 in 99% alcohol) (Babe, 
Ic); -178" (e=0 735, i e. A//40 solution in 
0 I A' H,SO|) (Buttlo tt al, lc.). Cinchonidine 
is almost insoluble in water (1 in over 5,000) ; 
it dissolves in 300 parts of cold alcohol 
(spgr. 0 935) or in 16 parts of 97% alcohol; 
in over 1,WX> parts of dry ether, but in 
183 parts of ether spgr. 0-72. It is readily 
soluble in chloroform or amyl alcohol. Cinchoni- 
dine solutions neither fluoresce nor give the 
thallcioquin reaction (distinction from quinine 
and qumuhne). The alkaloid is distinguished 
from its stereoisomeride, cinchonine. In being 
Imvorotatory, in its greater solubility in ether, 
anil by giving an insoluble tartrate. On oxida- 
tion with potassium permanganate it gives n » 
to cmchoteniduie (see p, 1545), and with chromic 
acid it is degraded to tho same substances that 
are formed from cinchonine in like manner. 
On reduction with hydrogen in tho presence of 
platinum or palladium catalysts, hydrocin- 
chonuline (g c ) is formed Cinchonidine give* 
nsc to the same rinehotoxino (ciochonicme) 
that is formed from cinchonine. 

Cinehamdine Sulphate, Bj-HjSO ( , crystallise* 
from cold water in needles containing BHjO, 
from hot water in needles containing 3H t O, 
and from alcohol with 2H,0. The salt becomes 
anhydrous at 100° (m p. 205®, decamp ). and re- 
absorbs 2H,0 on exposure. At 15° the salt Is 
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soluble in 100 parts of water, 60 of alcohol, or 
1,000 of chloroform ; at 25° it dissolves in 63 
parts of water or 72 of alcohol. The solubility in 
water at 80° is threefold that at 25°. 

Cinehonidinc Acid Sulphate, B-H 2 S0 4 ,6H 2 0, 
is readily soluble in water; [a]}, 5 —133-6° (c= 
0-08 of nnhydrous salt, i.e. an ilf /<)0 solution, in 
water). The same rotation is observed in H// 10 
solution, and in 0- lA r -H 2 S0 4 . The lelra- 
gulphate, B-2H 2 S0 4 ,Hj0, is slowly soluble in 
water. 

Cinehonidinc Hydrochloride, B-HCI ,H 2 0, 
forms monoclinic prisms from water. It crystal- 
lises from alcohol in fine needles containing 
2H.O. The nnhydrous salt has m.p. 242°; 
[a]]“ —117-6° (e=l-214 in water). Tho salt is 
soluble at 12° in 30 parts of water, and in 300 
parts of ether ; it dissolves readily in alcohol or 
in chloroform. 

Cinehonidinc Tartrate, B 2 -C 4 H 6 0 G ,2H 2 0, 
forms One needles soluble in 1,265 parts of water 
nt 10°, and almost insoluble in sodium potassium 
tartrate solution. 

Other known salts of cinehonidinc includo the 
dihydrochloride, hydrobromido, dihydrobromidc, 
hydriodidc, dihydriodidc, nitrato, oxalate, acid 
tartrate, benzoate, salicylato and succinate. A 
number of double compounds with motallio 
salts have been described. 

Cinehonidinc Methiodide, C 19 H 22 ON 2 -CH 2 l, 
is formed from tho components in alcoholic 
solution nt room temperature (24 hours). Fine 
colourless needles, in.p. 248° (Claus and Bock, 
Her. 1SS0, 13, 2192). 

Aeciylcinehonidine, C, (1 H 21 (CO-CH 3 )ON,, 
results from tho action of acetic anhydride at 
60°-80°. Amorphous powder (Ilcsse, Annnlon, 
1880. 205, 319; Ililditch, J.C.S. 1911, 99, 238). 

a.-Chlorohydroeinehonidine, better ci-eliloro- 
dihydrocinchonidino (component of “ hydro- 
cldorocinchonidino "), 

C 9 H G N-CH (OH)-C 7 H n N-CHCI-CH 3 , 

is obtained by tho action of hydrochloric acid, 
either nt room temperature with arid saturated 
nt —17°, or nt 85° with tho ordinary' concentrated 
arid. It is isolated from tho products of tho 
reaction ns acid sulphato or tartrate, and then 
fractionated ns dihydrobromidc when it forms 
tho more soluhlo component. Tho bnso (from 
alcohol) has m.p. 231° [decomp.), [a]” —135-0° 
(c-0-5 in A’-HCI) (Goodson, J.C.S. 1935, 
1090). 

The more sparingly soluble component in tho 
dihvdrobromido fractionation is a'-chlorohydro- 
cinehonidinc, which is epimeric with tho a- 
derivative nt tho carbon atom carrying tho 
chlorine atom. Tho n'-dcrivativo (base) crystal- 
lises from nleohol, has m.p. 246° and fa],, 3 
-02-5° (c<=0-5 in jV-HCI). Its ncid sulphate, 
tartrate and dihydrobroinido are also described 
(Goodren, ibid. p. 1097). 

Mohytrocinehonidine, better iododihvdro- 
einchonidino (hydroiodocinchonidine), 

C,H,N— CH(OH)— C ; H U N— CHI— CHj, 

i’ obtained by heating cinehonidinc with hydri- 
odic acid (sp.gr. 1-7) on the water-bath. The bare 
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has m.o. 166° (Neumann, Slonatsh. 1892, 13, 
651). 

npoCinehonidine (Hesse, Leger), fl-cinchonidinc 
(Hesse, Neumann, Leger), y-cinchonidine, iso- 
cinehonidine (Hesse, Pancth), 

CjH 6 N — CH (OH) — C c H 10 N >C = CH — CH 3 

These four names have been used by tho authors, 
whoso names are bracketed after them, to 
designate a series of eight substances, tho 
modes of formation and characters of which are 
assembled in tho following table. Most probably 
only two pure substances, which are geometrical 
isomoridc3 with tho constitution indicated, are 
involved ; some, if not all, of the eight varieties 
described (Table IIT, p. 154), may bo mixtures 
in differing proportions. 

Tho cinchonidino isomerides form ■ mono- 
acetyl derivatives and react with concentrated 
halogen liydracids to givo tho same halogeno- 
hydrocinchonidines as arc obtained from tho 
parent alkaloid. 

Uydroxyhydrocinchonidinc, better, hydroxy- 
tlihydrocinehonidine, 

C 3 H 0 N-CH(OH)-C 7 HjjN-CH (OH)-CH 3 , 

is formed together with ft- and opocinchonidine in 
tho sulphuric acid method of Leger (Bull. Soc. 
chim. 1919, [iv], 25, 575). Like these, it crystal- 
lises from dilute alcohol, but it forms a diacctyl- 
derivativc. Hydroxyhydrocinchonidino has 
m.p. 242°~243°, and [a]“ —101-7° in alcohol. 

cpi Cinehonidinc, C,„H 22 ON 2 , is epimeric with 
cinchonidino nbout the carbinol (CH-OH) 
group. It is obtained either by hoati.ng 
cinchonine .with nmyl nlcobolic potash (300 g. 
alkaloid, 100 g. KOH, 5-5 litres amyl alcohol), 
or by reducing cinchoninonc (100 g.) dissolved 
in a solution of Bodium (84 g.) in alcohol (2,280 
c.c.), with aluminium powder (84 g.). Tho cpi- 
cinchonidino is isolated from tho ether-soluble 
fraction of tho stcrco-isomcrides formed, with 
tho aid of tartaric, dibenzoyl- and dianisoyl- 
tartario acids. It forms small, colourless plates 
from ether, m.p. 103°-104°, [a]™ +62-8° 

(c= 0-8044 in alcohol), is readily soluhlo in the 
usual organic solvents, nnd is non-fluorescent 
(Babe nnd others, Annalcn, 1932, 492, 253.) 

Cinehonidinc Chloride, 

CjHjN— CHCI— C,H n N— CH=CHj, 

is formed when anhydrous cinchonidino hydro- 
chloride (33 g.) dissolved in chloroform (300 c.c.) 
is slowly treated with phosphorus pcntochlorido 
50 g.), care being taken to avoid any riso in 
temperature by cooling with water. Tho 
product crystallises from a mixture of ether and 
ligroin (b.p. 40°-50°) in white crystals, m.p. 108°, 
[o]” +78-2° (c=2-020 in 99% alcohol) ; +90-9° 
(c— 2-009 in chloroform). Tho hydrochloride, 
CjjHjjNjCI-HCI, has [a# +24-16° (c=l-573 
in water) (Comstock and Koenigs, Bcr. 1884, 
17, 1987 ; Rabe, Kuliga, Marschall, Naumann 
nnd Russell, Annnlen, 1910, 373, 103). 

Desoxyci nehon id inc, 

C 9 H G N— CH.— C,H n N— CH=CH., 

is prepared from cinehonidinc chloride. A 5% 
solution of the chloride (12 g.) in 10% sulphuric 
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Manner of Formation from 
Cinehonidine. 

5Lp 

la)-. 

Author sod 
llefertnce. 

opoCmcbonidine 

Heating with 3 parts HCI 
(spgr. 1-125) at 140°-150® 
for fr-10 hours. 

225® 

—129 2® in alcohol 
-160-4® in dd. 
HCi. 

Hesse, Annalen, 
1880,205,323, 
327. 

opoCmchonidine 

Boiling with 4 parts of 50% 

254 7 

— 134 4® in alcohol. 

IAger, Bull. Soe. 


H jS0 4 for 43 houro. 

to 

256 r 

-166 6® in dd. 
HCI. 

—139 3® in alco- 
hol- chloroform. 

chim. 1919, 
[it], 25, 574. 

p Cinehonidine 

Heating with 3 parts HCI 
(sp gr. 1-125) at 140°-150° 
for 6-10 boms. 

206° 

to 

207® 

-181-4® in dd. 
HCI. 

Hesse (I.C.). 

P Ciuchooidine 

From iodohydroein chord- 
dine and alcoholic KOH. 

244" 

—171 5° in alcohol 

Neumann, Mon- 
■tab. 1892,13, 
655. 

p Cinehonidine 

Boiling with 4 parts of 50% 

240° 

-126 6® in alcohol. 

Lfger, Bull. Soe. 

H x S 0 4 for 48 hours. 

to 

241® 

-1815® in dd. 
HCI. 

chim. 1919, 
UvJ, 25. 573. 

y-Ciochomdine 

From iodohydrocinchoni- 
dine and alcoholic 

AgNOj. 

239® 

— 164 6® in alcohol. 

Neumann, Mon- 
atsh. 1892,13, 
659. 

isoCmchomdine 

Solution id cold cone. 

h,so 4 . 

235® 


Hesse, Annalen, 
1888,243,149. 

MoCinchomdino 

Heating with 6 vols. of 
25*Y-H,S0 4 at 100“ for 

252® 

— 128° in alcohol- 
chloroform. 

Paneth, Mon- 
atsh 1911,32, 
259, '569. 


■eld is shaken with iron filings (17 g) for 72 
homs. The product crystallises from ligroin, 
ha* m p COM) 2°, and [a]” -29 0° (e=2006 in 
99% alcohol), or —19 7® in chloroform. On 
treatment with alcoholic potash it gives ns® to 
cinchene ( ste under cinchonine) (Koenigs, Bor. 

1 1890, 29, 373 ; Kabc tl al , Annalen, 1910, 373, 
IOC). 

CtnehoUvidtne, 

C f H,N — CH(OH) — C,H n N — CO,H, 
and formic acid arc formed when cmchomdine is 
oxidised with potassium permanganate (Skraup 
and Vortmann. Annalen, 1879, 197. 235 , Hesse, 
Ber. 18S1, 14, 1892). It crystallises from 
alcohol in feathery crystals, or from water in 
monocluuc prisms containing 3H,0 It has 
ra p. 256® (decomp.), [a]^* —201 4° (e=5 in 
water containing 3 equivalents of HCI), is 
sparingly soluble in cold water, readily eo in 
hot, and dissolves in GOO parts of boiling alcohol. 
It is soluble in acids as well as in caustic alkalis 
and is precipitated from tho latter by carbon 
dioxide. Cinchotenidine is non fluorescent. 

Cinchonine, C„H„0 N .. was first isolated in 
the pure condition by Pelletier and Caventou 
(Ann. Chim. 1620, 15. 295). It occurs in all 
cinchona barks, one of the best sources being 
Cine Aon a iUcrantha. For purposes of quinine 
manufacture it ranks as a by-product and can be 
readily obtained from the crude mother-liquor* 
from which quinine sulphate has been crystallised, 
by taking advantage of its sparing solubility in 
ether and in alcohol. The cinehonidine is first 
removed as tartrate, the mixed residual bases 
treated repeatedly with alcohol or ether, and the 
insoluble cinchonine either recry* taliised from 


boding alcohol or converted into sulphate ami 
recrystalhsed from wateT. The cinchonine is 
finally recrystalhsed from alcohol several times 
to remove traces of quinidinc. Tho alkaloid so 
prepared (adaptation of a method given by 
Hesse, Annalen, 1862, 122, 227) contains about 
15% of bydrocinchomne which can bo removed 
by fractional crystallisation of tho dih)dro- 
bromidcs, cinchonine dihjdrobromido being the 
more soluble component (Buttle, HeriVy and 
Trcvan, Biochem. J. 1934, 28, 437) or by Thron 
and Dirscherl’s method (Annalen, 1935, 515. 
252). Although tho correct empirical formula 
was given by Laurent in 1848 (Ann. Chim. 1848, 
19, 365), the formula, C, f H tt ON |a proposed by 
Regnault in 1838 (Annalen, 1838, 26, 15) was 
current .until 1879 when Skraup (Annalen, 
1879, 197, 353) finally showed tfial Laurent t 
formula must be adopted. Cinchomno crystal- 
lises from alcohol or from ether in prisms, the 
recorded melting point is very Tanable, and 
depends on the rate of heating (Hesse, Annalen, 
18S0, 205, 213, footnote); it is given as 255 4 
(Lcnz, Z. anal. Chem. 1889, 27, 572), 234 
(Buttle, Henry and Trevan, le), 264 JF 
(Jungfleisch and LAger, Compt. tend. 1901, 132, 
830), and 2CS 8® (Skraup. Annalen, 1879, 197, 
355). It is dextrorotatory, the mean of several 
published values being (o] D +225® in alcohol. 
Tho addition of chloroform, which enable* a 
stronger solution to be made, raises the specific 
rotation (+234°). An Jf/40 solution in 
0-lA’.H,SO 4 shows [a# +263 7*. Cinchonine 
is soluble in 3,810 parts of water at 10°, 3.670 at 
20°, and 2,500 at 100° ; it dissolves in 115 part* 
of alcohol at 17°, but in 28 parts of the boding 
solvent ; in 370 parts of cold ether (*p gr. 0-73), 
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anti in IS parts of a mixture of alcohol (4) and 
chloroform (1), although its solubility in chloro- 
form alone is only about one-third of that in 
alcohol. Cinchonine is fairly soluble in boiling 
amyl alcohol and in hot, but not cold, begone. 
The addition of alkalis to aqueous solutions of 
cinchonine salts produces an amorphous pre- 
cipitate which gradually becomes crystalline, 
and which js stated to be more easily soluble in 
solvents than the crystalline form. Cinchonine 
begins to sublime at about 220° and boils with 
some decomposition above its melting-point; 
in a vacuum, however, it is volatile unchanged. 
It is non-fluorescent and docs not give the 
tlmllcioquin reaction. Unlike cinchonidine, it 
forms a soluble tartrate. Liko quinine, cin- 
chonine is bitter to tho taste. Although cin- 
chonine is a fairly strong diacidic base, aqueous 
solutions of its salts are liable to hydrolyse and to 
deposit the base. On oxidation with potassium 
permanganate it gives riso to cinchotenine, 
and u itli chromic acid it furnishes cinchoninonc, 
cinchoninie acid, meroquinenc, cincholoiponic 
acid, and loiponic acid (for fuller descriptions of 
these products of oxidation, see below). On 
catalytic hydrogenation, hydrocinchoninc ( q.v .) 
is formed, while heating the acid sulphate with a 
little water at 140°, or boiling a solution of 
cinchonine in dilute acetic acid, gives rise to 
cinchotoxine (einchonicino) (see below). With 
strong mineral acids various addition and trans- 
formation products nrc formed ; and with amyl 
alcoholic potash cinchonine enters into dynamic 
equilibrium with cyn'cinchonine, cpicinchonidine, 
and cinchonidine. 

Cinchonine Sulphate, B„H ; S0 4 ,2H 2 0, 
crystallises from water in the form of hard, 
transparent prisms, which become anhydrous at 
100°, and then have m.p. 200° (' dccomp .). 
It is readily soluble in alcohol, less so in water 
(70 parts cold, 13 parts at 100°), and dissolves in 
chloroform to about the same extent ns in water 
(distinction from quinine and cinchonidine). 
The salt dissolves in 2,300 parts of ether at 25°. 
In 07% alcohol it shows [<i] n 4-193-3°— 0-374c, 
where c~ grams of base in 100 c.c. Tho optical 
rotation in chloroform is +133°. 

Cinchonine Acid Sulphate, B-H 2 S0 4 ,4H 2 0, 
large, colourless prisms, is difficult to crystallise, 
being very soluble both in water and in alcohol. 

Cinchonine Hydrochloride, B- HC 1,2 H.O, 
crystallises from water in efllorcsccnt prismatic 
crystals, which contain only 1 H»0 when dried 
in the air. The anhydrous salt melts at. 217°- 
-18° (decomp.) (Ileidelberger and Jacobs, 
J. Amcr. ('hem. Soc. 1010, 41, 810). It has 
l a ]ii " -t- 177-4“ (C.-1-0S3 anhydrous salt in 
water) ; [a]jf -f- 133-0' (r»l-407 in chloroform); 
[a]” 4-105-5° (2-4 25c in water) 4-214° (l-72c 
in water containing 2 equivalents of HCI) 
4-172-7-* (c-1 in 07% alcohol), and 4- 103-0° (e*= 
10 in 97% alcohol). The fait is soluble in the 
cold in 22 pints of water, in 1 part of alcohol, 
and 290 parts of ctlu-r. It also dissolves in 
enioroform. 

Among other salts of cinchonine may be men- 
tioned the dihydrochloride, hydrobromide, 
dihydrohromide, hydriodide, dihydriodide, 
by dritslaie, nitrate, oxalate, d-tartrate, and 


bitartrate, I-bitartrate, benzoate, two citrates, 
salicylate, succinate and thiocyanate. A 
number of double compounds with metallic 
salts are known. 

Cinchonine Mcthiodidc, 

C»H c N— CH(OH)— C 7 H n N(CH 3 l)— CH «= CH,, 

is formed with a little difficulty from the com- 
ponents and melts at 254° (Claus and id tiller, 
Ber. 1880, 13, 2200, footnote). 

Cinchonine Ethiodidc, 

C B H e N — CH(OH) — CjHjjNtC.HjI) — CH = 04,, 

is prepared by the gradual addition of ethyl 
iodide to a boiling solution of cinchonino in 
nlcohol in the dark. It crystallises from water 
in white, silky anhydrous needles, decomp. 2G0° 
(Claus and Ivemperdick, Ber. 1880, 13, 2280). 
Isomerio Cinchonine Ethiodidc, 

C 0 H„N(C.H 1 t)— CH(OH)— C,H n N— CH = CH,, 

is made by r heating 40 parts of cinchonine 
hydriodide with 15 parts of alcohol and 15 parts 
of ethyl iodide for 2 hours under pressure. 
Tho product (base) crystallises from water in 
orange needles, and from nlcohol in orango 
prisms, m.p. 184° (indef.) (Skranp and von 
Nonvall, Monatsh. 1804, 15, 40). It is oxidised 
with potassium permanganate to tho ethiodido 
of cinchoninie acid (Skraup, ibid. 433), and 
with a further molecule of ethyl iodide readily 
gives cinchonine dicthiodide, 
C,H,N(C,H 5 l>-CH(OH>— C 7 H n N(C 2 H 5 l)— CH = CH., 

also formed from the white monocthiodidc, or 
from cinchonine, by heating at 150° with ethyl 
iodido in a scaled tube. It crystallises from 
water in large, dark yellow prisms with 1 H s O, 
decomp. 204°. It is readily soluble in water, 
and less soluble in nlcohol than tho white mono- 
ethiodidc (Claus and Kemperdick, Ber. 1880, 13, 
2288). 

Acetylcinchoninc, 

C s H t N — CH(0 — COCHj) — C,H n N — CH =CH,, 

results from the action of acetic anhy'dride at 
G0°-80° for 2 hours. Amorphous powder 
(Hesse, Annalen, 1880, 205, 321 ; Hilditch, 
J.C.S. 1911, 99, 238 ; Scckles, Hoc. trav. ehirn. 
1923, 42,71). 

Hcnzoylci nchon i nc, 

C„H 4 N— CH(0— COC,H.)— C.H„N--CH-CHj, 

is prepared by tho action of excess of benzoyl 
chloride on cinchonine. It crystallises in prisms 
from ether nnd melts at 100°-107° (Legcr, Bull. 
Soc. chim. 1893, 9, 714 ; fee also Skraup, 
Monatsh. 1893, 16, 103, and Scckles, Bee. trav. 
eliim. 1923, 42, 71). 

a-Chlorohydrocinchoninc, better a-chloro- 
dihydrocinehonine (component of “ hydro* 
chiorocinchonine ”), 

C t HjN— CH(OH>— C-H„N— CHCI— CH 3 , 

is isolated as the dihydrochloridc from the 
products of the reaction of concentrated hydro- 
chloric acid and cinchonine (Goodson. J.C.S. 
1935, 1090). The base crystallises from alcohol 
in needles, has m.p. 230° (decomp.) nnd ( a ]' 2l ° 
4-220-0° (c=0-5 in -Y-HCi). The dihydro, 
chloride melts ut 283°. 
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The mot her- liquors from the crude dihydro- 
chloride contain a <klorohydrocinchonine, -winch 
is epimene with the c -derivative at the carbon 
atom carrying the chlorine atom. It is punSed 
in the form of its tartrate, which is crystallised 
from methyl alcohoL The base, which crystal- 
lises from alcohol in minute needles, has m p 
223° (decomp), and fa)” +176 0° (c=05 in 
■A’-HCI). The di hydrochloride melts at 27G® 
(decomp.) and the 'tartrate, which crystallises 
from methyl alcohol with 2HjO melts, a ben 
anhydrous, at 212° (decamp ), 

Bromofiydroeinckomne, better bromodihydro 
cinchonine (hydrobromocinchomne), 

C,H 4 N— CH(OH>— C,H n N— CHBr— CHj. 
first prepared from cinchonine by Skraup 
(Annalen, 1830, 20t, 324) and Comstock, aad 
Koenigs (Ber. 1887, 20, 2520), is obtained 
from cinchonine or a or p uocinchonine, allo- 
cinchonine, or a at p hydroxy hy drocinchonwe 
by heating with 10 parts of 50% hydrobromie 
ocid at 100° (Skraup, Copony and Medanich, 
Monatsh 1900,21,512, Zwergcr, iftirf. 1903, 24, 
119 ; L*ger, Bull. Soc chim. 1918, fiv], 23, 133, 
328; 1919, (iv], 25, 2C0) The base has m p. 185°, 
the dihydroLromide crystallises from dilute hy- 
drobromic acid in colourless pnsms, ra p 242 - 
243° (Zwerger), (o)” +149 l 6 (e=*l 9S9 in water) 
(Lfger) The French author also mentions a 
atercoisomenc bromohydro compound, fa]” 
+ 127 3*. 

a Iodohydroc\nekontne (hydroiodocinchoninc), 
C,H,N-CH(OH)— C,H U N— CH1-CM,, 


by its great stability (Rabe and Bottcher, Ber. 
1917, 50, 127) ; it can bo distilled without 
decomposition. It crystallises from ether in 
colourless anhydrous pnsms, m p. 130-4°, 
fa)” +53 1° (e=>l in 97% alcohol), and +62 6“ 
in water containing 4 equivalents of HCI. 
It is almost insoluble in water, but dissolves 
readily in aleohol, ether, acetone, benzene or 
chloroform. It is a strong bitertiary base, 
which is alkaline even to pbenolphthalcm. Its 
oxygen atom has tho ether function, for it cannot 
be acylated, and does not react with phenyl- 
bydrazme. The hydrochloride, B HC),3H,0, 
has m p 226°, and +5® (c=l of anhydrous 
salt in water). On heating its acid sulphate to 
140®, a-irocinehonme undergoes the 14 Pasteur " 
reaction (Skraup and Zwerger, Monatsh. 1900, 
21, 535 ; Haas, ibid. 1905, 26. 119) giving nse to 
41 a-iso ifi cinchomcme, 4 ' which, in the light of 
the researches of Suszko and his collaborators on 
the jsoquimdmes, must he formulated as 
CH. — CH- 

C,H,N— QO)-CH— CH,— CMC ’ 1 j:NH 

I ^-CH— CH,^ 

I <!h — CH j 

(see Dubas, Konopnicki and Suszko, Rocz. 
Chcm 1933, 13, 464). On boiling with dilute 
acetic acid, a wotincbomno is converted into 
hydroxyhydrocinchotoxine, 

.CH. — CH, 

C,H,N— CO — CH| — CH t — ^ ^NB 


is formed in predominating proportion when 
cinchonine or a isocmchomno is heated at 100® 
with hydnodic acid (sp pr. 1 7) The base, 
microscopic colourless leaflets, has up. 153®- 
i\l56® (decomp ). The hydrochloride has [aJ D 
'/f 189 2® (Uger, ib.d ,1918, [iv], 23, 240; 

, a'-Iodohi/drocinchonine (hy droiodoopocmchort- 
ine) is the cpimende of the preceding substance 
•t the iodine carbon atom, and is formed from 
allocm cbonine and f! isocmchoninc. Its hydro- 
chloride has fo) 0 +170-5° (Ltfger, l e ) 
a isoC’i neAonine (cmchonihne), 

C^HgN — CHfOy—CjHjjN — CH — CHj, 


is obtained by boiling cinchonine with four 
times its weight of 50% sulphuric acid (Jung- 
flewch and 1/gcr, Compt. rend. 1887, 105, 
1255 ; 1SSS.106, 68, 657 , 1891.113,651 ; Ann 
Chim. 1920, 14, C2, 129 el teq. ; Hesse, Annalen, 
1888, 243, 147 ; 1890, 260, 213). It con also be 
prepared in a variety 'of other w ay s, such as 
heating cinchonine with hydrochloric acid 
(Hesse, 1893, 276, 01), or, best perhaps, 
by rcmoi al of hy drogen halide from halogeoo- 
hydrocinchonme by means of alcoholic potash 
(Comstock and Koenigs, Ber. 1887, 20. 2521 , 
fjkraup, Monatsh. 1891, 12, 431 ; 1899, 20, 
585 ; Ber. 1892. 25. 2909 ; Jungfleiseh and 
L/ger, Compt rend. 1894. 118, 29). The last 
method H to be preferred on account of yield, 
Hesse (Annalen, 1893, 276, 95) having shown 
that a-i»ocinchonino is converted into the 
P isommde by the action of sulphuric acid. 
a uoCmchonme is, nev ertheless, characterised 


(Rabe and B&tteher, I e.). 

p isaCmchontnt (cinchonigine), a stereoiso- 
mende of the preceding substance, is probably 
epimenc with it at carbon atom 44 5 ” (see section 
5 d, p 149c) and is usually formed aide by side with 
it, as w ell as from it by tho action of sulphuric acid 
(see references above, and Jungfleiseh and I/gcr, 
Compt. rend. 1888, 106, 357 ; Ann. Chim. 1920, 
14, 105 el teq . ; Hesse, Annalen, 1893, 276, 83; 
Skraup, Monatsh. 1899, 20, 571 ; 1900, 21. 512). 
It is even more stable than a isocanchonioe. 
It exhibits dimorphism and separates from 
ether in transparent anhydrous crystals, 
belonging eithc to the orthorhombic or clino- 
rhorobic systems. The two forma are rcventbly 
interconvertible, p faoCwchonine haa m p. 
1307°, [a]” —GO 1® (c-1 in 97% alcohol), and 
—36° in water containing 4 equivalents of HCI. 
It ta almost insoluble in water, hut readily soluble 
in most organic solvents including ether. It is a 
strong bitertiary base, but weaker than its 
a isomende, being alkaline to litmus, but not to 
phcnolphthalcin. It contains no hydroxyl or 
heto group. The hydrochloride melts at 213 , 
and is soluble in about 50 parts of cold water ; 
fa]” —65 2° («“1, anhydrous salt, water). On 
heating its acid sulphato to 140° P isocinchonine, 
like the a isomende, undergoes the 44 Pasteur 
reaction (Skraup, Copony, and Medanich, 
Monatsh 1900. 21. 512 ; Kaaa, i bid. I9(M, 25. 
1145 ; 190.5, 26, 119) giving me to “ p uo- \ S- 
ctnchoiucine.’* The same substance is •'«* 
obtained by the isomerisation of emchotoxine 
(oxalate) by means of concentrated sulphuric 
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acid nt 100° (Skraup and Egercr, ibid. 1903, 24, 
609). 

nWoCinchoninc (npocinchonine, pseudocinchon- 
ine), 

CjH 4 N — CH(OH) — C e H |0 N> C = CH— CH 3 , 

is nn isomcri do of the preceding two substances, 
and is usually formed along with them. It is 
a bitertiary base, forms acyl derivatives and 
adds the elements of hydrogen halide, giving 
ri«e to a small proportion of the same sub- 
stances, which, under like conditions, arc formed 
from cinchonine: the greater proportion of the 
resulting hnlogcn derivatives arc the same as 
those produced from /3-isocinchonino. It crystal- 
lises from alcohol, has m.p. 216°-218° and [a]}, 8 
-f 150’ (c—1 in alcohol). It is characterised by 
the sparing solubility of the base in ether, and 
of the neutral sulphate in water (Jungflcisch 
and Legcr, Ann. Chim. 1920, 14, 145 ct stq., in 
which arc further references to alloc inchonine). 
Although a geometrical isomeride of allocinchon- 
ino is unknown, a base, m.p. 232°-234°, not 
identified with certainty, by Jungflcisch and 
Legcr (ibid. 181), probably constitutes the 
missing substance. 

a-Ilydroryhydrocinchoninc, better a-hvdroxy- 
dihydrocinchonine, 

C,H t N — CH(OH) — C-H jjN — CH(OH) — CH 3 , 

i« formed together with the preceding substances 
when cinchonine is heated with 50% sulphuric 
ncid (Jungflcisch and Legcr, Compt. rend. 1887, 
105, 1255 ; 1888, 106, 08 ; 1889, 108, 952 ; 
Ann. Chim. 1920, 14, 71 ct scq . ; Legcr, Compt. 
rend. 1918, 166, 903 ; 1919, 168, 404). It 
crystallises in colourless prisms, m.p. 252° 
(decamp.), [a][, s + 182-G° (e=l in 97% alcohol). It 
is characterised by its sparing solubility in ether 
and ready solubility in 50% alcohol. It is 
almost insoluble in water, but dissolves readily in 
acetone, benzene or chloroform. a-Hydroxy- 
hydrocinchonino gives rise to a diacetyl deriva- 
tive. It is a strong bitertiary base alkaline to 
phcnolphthalcin. The neutral hydrochloride, 
B’HCI,H ; 0, has m.p. 230’ and (a]p 3 + 174-4’ 
(r = l in water with 1 equivalent of HCI). The 
salt is very sparingly solublo in water. 

P-llydroxyhydrocinchonine, better /9-hydroxy- 
ddiydrocinchoninc, is the cpimeridc of the 
foregoing substance at carbon atom “ 5 " (sec sec- 
tion 5d, p. 149c). Tho two cpimcridcs are formed 
together (fee references above, and Jungflcisch 
and Legcr, Compt. rend. 1891, 119, 12GS; 
1019, ICS. 40-1 ; Ann. Chim. 1920, 14, S9 cl scq.). 
It crystallises from 90% alcohol in small 
colourless, prismatic needles, m.p. 273° ( dccomp .)’ 
t"]” + 1S7-2’ (e«l in 97% alcohol), or +203-1= 
in water containing 2 equivalents of HCI. 
Although it is insoluble in water, /3-hvdroxy- 
hvdrocinchoninc is not immediately precipitated 
by alkalis from aqueous solutions of its salts, 
hut separates in a fine mass of needles after some 
hours. ]t is readily soluble in alcohol, but not in 
act-tone. It has a low solubility in chloroform, 
although this solvent will take up n good deal of 
the kve at tho moment of precipitation from its 
felts ; the greater part of the alkaloid is soon 
deposited in tho crystalline state. Like the c- 


epimeride it forms a diacctyl derivative, and is 
alkaline to phcnolphthalein. A number of salts 
have been described. 

a- and fi-Cinchonhydrinc, components of 
“ 5-cinchonine,” are substances of disputed con- 
stitution, the formuke in question being 
C 18 H 22 ON 2 , C] 5 H 21 ON 2 , and C 15 H 22 ON 2 . 
They are formed together with the cinchonine 
isomerides described above, when bromohydro- 
einchonine base is heated with dilute alcohol, or 
with alcoholic potash (Jungfleisch and Legcr, 
Compt. rend. 1894, 118, 29 ; Ann. Chim. 1920, 
14, 15S, 162, 1G5 ; Legcr, Compt. rend. 1919, 
169, 797 ; Cordier von Lowcnhaupt, Monatsh. 
1898, 19, 472 ; von Arlt, ibid. 1899, 20, 440; 
Langcr, i bid. 1901, 22, 157). The a-isomerido 
crystallises from ether in prisms, m.p. 144-4°, 
Mu +103‘8° (c=l in water containing 2 equi- 
valents of HCI), or +139-8° in alcohol. The 
fl-isomcridc is similar. It crystallises from 
ether in prismatic needles, m.p. 155-8°, [a]j' 
+ 106° (e=l in w-nter containing 2 equivalents 
of HCI), or +72-2° in alcohol. Tho cinehon- 
hydrines are said to bo the analogues of niquino 
(see under Quinine), and to be tertiary- 
secondary bases ; they form diacctyl-dcriva- 
tives. 

A number of other “ transformation products ” 
of cinchonine arc described in the literature. 
Most of these, if not all, can be ignored ; some 
are identical with, or aro impure forms of, one 
or other of the substances described above ; 
many are obvious mixtures of one or more of the 
authentic compounds with one another, or with 
hydrocinchonine (derived from commercial 
cinchonine). For a valuable summary of the 
position in 1899, which is still largely valid owing 
to the fnct that most of these spurious isomerides 
had been prepared before that time, see Skraup, 
Monatsh. 1899, 20, 571. 

Cinchotoxinc (cinchonicinc), 

C 5 H 6 N — CO — CH, — CH, — CjHjN — CH ~ CH 3> 

occurs in commercial quinoidinc, tho question 
of its prc-existcnce in the bark being in dispute. 
It is best obtained artificially from cinchonine or 
cinchonidinc, either by melting (or heating with 
glycerol nt 210°) the acid sulphate or tartrate, 
of either base, or, best perhaps, by tho “ wet ” 
process of von Miller and Rohde (Bcr. 1895, 28. 
1064), in which cinchonine is boiled with 14 parts 
of 7% acetic acid for 33 hours. Cincliotoxino 
crystallises from absolute ether nt 0’ in long, 
thin prisms, m.p. 5S’-59°, (c] D +46-5° in 
chloroform (c—2), +47-2= (Howard and Chick, 
I-. infra), and +57-7° (Roques, v. infra), in 
alcohol; +35-6’ (c—\ in water containing 4 
equivalents of HCI). It is readily solublo in 
ether (2 parts), alcohol, benzene or chloroform, 
less so in petroleum ; it dissolves in 564 
parts of water at 1S ; , but is more soluble in 
nqueous solutions of ammonium salts, from which 
it expels ammonia ; it is a strong base which 
nb=orbs carbon dioxide from the air. Cinrho- 
toxine forms a crystalline livdriodide, oxalate, 
tartrate, nitrate (m.p. ICO’), and double 
salts with zinc, cadmium, and platinic chlorides. 
Cinchotoxine is a tertiary-secondary base, which 
forms crystalline alkvlhalidc'. It is a ketone, 
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forming a yellow phenylhydrazone, up. 1 4 S’, 
from a mixture of alcohol and light petroleum. 
Cmchotoxine is non fluorescent and does not 
respond to the thalleioquin reaction, but gives a 
magnificent purple coloration with diazobenzene- 
sulphonic acid m presence of alkali. It reacts 
with amyl rutnte m presence of sodium ethoxide 
to form an iscmtroso- derivative, and with 
nitrous acid pros a nitrosamrae (N nitroso- 
denvative). (See Tasieur, Compt. rend 1 853. 37, 
110 ; Hesse, Annalcn, 180S, 147, 241 , 1873, 
166, 277; 1875, 178. 253 ; Howard, J OS. 
1872,25,101; Howard and Chick, J.S Cl 1900, 
28, 55 ; Roque", Bull. Soc. chira. 1895, [mj, 13. 
1005; Ann. Chira 1897, 10. 234) 
epiCincJomae, C„H,iON,. is epimenc with 
cinchonine about the carbmol (CH OH) group 
It is obtained by reducing cinchomnono (100 g ), 
dissolved in a solution of sodium ethoxide (Na 
84 g m alcohol 2.2S0 c c ), with aluminium 
pow dcr (S4 g ) The epicmchonme is isolated from 
the ether soluble fraction of the stereoisomcnde* 
formed, with the aid of tartanc, dibenzoyl , and 
di&tnsoyl- tartaric acids. It crystallises from 
ether in long, colourless prisms, pointed at their 
ends, ro p 82°-83°, (o)” +120-3° (c=0 8064 m 
alcohol). It is non fluorescent, and very soluble 
in all tbo usual organic solvents (Kabo and 
others, Annalen, 1932, 492, 253) 

Cinctomnone, 

C,H,N — CO — C,H M N — CH = CH,. 
is obtained in very low yield by the gentle 
oxidation of cinchonine or cinchomdino with 
chromic acid (Rabe, Ber 1907, 40, 3655 , 
1908, 41, 62 ; Annalcn. 1909. 364. 338) It is 
best pro parol indirectly from cmchotoxine 
The toxin* (53 g ) in cold A' hydrochloric acid 
(200 c c.). covered with a layer of ether and well 
stirred, is first N brominated by introducing 
in a thin stream a cold aolntion of bromine 
(32 g.) in 6% sodium hydroxide solution (400 g ) 
(i.e. NaOBr) The N-broraotoxine (m p 153°) 
crystallises from ether, and is converted to 
emihoninono by treating a hot solution of 1 g in 
25 c c. or alcohol with 3 c c. of a cold sodium 
ethoxido solution containing Na 0-15 g (Ratio, 
Ber. 1911, 44, 20S9) Cinchomnono crystallises 
from ether or from 50% alcohol in well defined, 
faintly yellow proms, m p I26°-I27°. It 
exhibits mutarotation, the final values being 
[a]” +7C P (e-3 302 ra 99% alcohol), and (aJ“ 
+74 7“ (c=3 305 in benzene) (Rabe and others, 
Annalen, 1910, 373, 110) Cmchomnone is 
readily soluble in alcohol, ether, benzene or 
chloroform, but not in water, and sparingly 
soluble in light petroleum. It dissolves abghtly 
with a yellow colour m aqueous alkalis (enohsa- 
tion). The hydrochloride (m p. 252°-253°) w 
very solublo in water. The initial valuca of the 
optical rotation of this salt depend on whether 
it has been proparol from a fresh or stale 
solution of the base ; the final v slues, however, 
are the same : [o]J^ +166 6° (c»=l 65G in 
chloroform) and + 66-4° in water (Rabe and 
others, Lc.). Cmchomnone forms an amorphous 
oxime, and a benzoyl -derivative (derived from 
theenol form), w hich crystallises from petroleum 
(b p over SO') in white needles, ra p. 133*. On 


reduction in n suitablo manner, cinchomnono 
gives rise to cinchonine, epicmchonine, epi- 
cmchoniilme, and cinchomdine. 

Cinchonine Chloride, 

C t H*N — CHCI — C,H„N — CH=CH r 
is prepared by treating dry’ cinchonine hydro- 
chloride (33 g ) in chloroform (300 c.c.) with 
phosphorus pentachlonde (50 g ) in the cold 
(RaUi and others, Annalen, 1910, 373, 101) 
The product (m p. 72°) crystallises from ether 
or from aqueous alcohol with 2H.O, which 
is lost over sulphuric acid : the anhydrous base 
then melts at 110°, and has [c]J^ + 55 7“ (e=* 
1 975 in 99% alcohol), and +62 2° (e=2 007 in 
chloroform). It is readily solublo in most 
organic solvent*, but not in water (Koenig*. 
Ber. 18S0, 13, 2S6). Its hydrochloride has [o]^' 
+49 5° (c« 1-5555 in water). 

Dciorya nchomne, 

C.H.N— CH,— C 7 H u N— CH-CH,, 
is made bv reducing cinchonine chloride dii- 
aolved in 20 parts of 10% sulphuric acid, with 
1} parts of iron filings at room temperature for 
72 hours. The desoxy-baso ciy»talh*cs from 
light petroleum, has tn p 91°. and [o]” + 1793° 
(e=2 025 in 99% alcohol), and + 194 3° in chloro 
form (Rabo and others, Annalen, 1910, 373, 105, 
106). 

Cinchene, 

C»H,N — CH = C <C,H„,N— CH-CH,, 
is formed when einchomno or cinchomdine 
chloride is boiled with alcoholic potash. It 
crystallises from light petroleum in colourless 
leaflets, m p. 123°-125°, and is dextrorotatory . 
It can be distilled without decomposition 
(Koenigs, Ber I SSI. 14, 1854; Koenigs and 
Comstock, ibid. ISS5, 18, 1219; Koenigs, ibid. 
1895,23, 3140). 

npoCincAcne, 4 (G-hydwxy-3 4-dicthvI- 
pheny I)-quinoline, 

C t H,N — C 4 H,(OH)(C t H t ), 

(Kenner and Statham, J C.S 1935. 299), is 
obtained by heating cinchene wilh hydrohrooiir 
acid (sp gr. 1-49) at 180° underpressure for 6 to H 
hours (Koenigs, Ber. 1881, 14. 1851; Koenigs 
and Comstock, ibid. 18S3, 18, 1226). It crystal- 
lines from alcohol, and melts at 209‘ > -2UP. halls 
and ethers of opocinehcne are known (see 
Comstock and Koenigs, ibid. 1SS5. 18, 2379 ; 
1687. 20, 2674 ; Koenigs, J. pr. Chcra. 1900,* 
[u], 61. 1). 

Ctnchonitial, 

C t H 4 N— CH(OH)— C,H,,N — CH-O, 
and its acyl (acetyl and benzoyl) derivative*. 
C,H,N— CH(0— COR)— C,H„N— CH-O. 
are obtained from einchomno and from its acyl 
derivatives by the action of ozone In cold 
chloroform solution. The resulting ozomdc* 
fumi'h on hydrolysis [ formaldehyde J, hydrogen 
peroxide, and the aldrhy die substance* in 
question. The latter arc amorphous (Inchon- 
inal has [o] 0 +100 5° in chloroform; the 
acetyl denv ativ e has [aj„ +23 3% and the 
bcnzovl derivative —72 4° ('-ccklcs, Rcc. trav. 
c him. *1923, 42, 69). 
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Cinchotenine, 

C,H„N — CH (OH)— C 7 H n N— COjH, 
is obtained by oxidising a cooled solution of 
cinchonine in dilate sulphuric acid with potas- 
sium permanganate. It crystallises from water 
with 3HjO, m.p. 197°-198°, [a]J, 5 +115-5° 
(e— 2 of trihydrato in a mixture of 2 vols. 
chloroform and 1 vol. alcohol), +175-5° in dilute 
sulphuric ncid (Hesse, Annalen, 1875, 176, 233 ; 
Skraup, ibid. 1879, 197, 379). Cinchotenine is 
solublo in hot water, but sparingly in alcohol. 
It dissolves readily in dilute acids nnd caustic 
alkalis, nnd is precipitated from the latter by 
carbon dioxide. As an acid, cinchotenine forms 
salts, esters nnd an acid chloride. Liko cin- 
chonine it can bo acylated, but docs not react 
with the halogens or with their hydracids. 
It is stable to cold permanganate, but is rapidly 
oxidised by the hot reagent. With chromic acid 
the same oxidation products (but no mcroquin- 
cne) result as in the like oxidation of cinchonine. 

Cinchoninic Acid, quinolinc-4-carboxylie acid, 
C„H„N — COOH, was first mado by Cavontou 
nnd Willm (Bull. Soc. chim. 1869, [ii], 12, 214) 
by tho oxidation of cinchonino with potassium 
permnnganato. It is tho most readily isolated 
of tho oxidation products of cinchonine, cin- 
chonidine, their hydro- derivatives, and many of 
tho derivatives nnd degradation products of 
these. It can bo prepared by tho oxidation of 
cinchonine with chromic acid (Koenigs, Bor. 
1879, 12, 97) or nitric acid (Claus nnd Mucliall, 
ibid. 1885, 18, 362) or by oxidation with nitric 
ncid of the condensation product of Icpidino with 
formnldchydo. It has been synthesised by tho 
interaction of isntin with ncctaldoximo under tho 
ngcncy of 40% potassium hydroxido (Pfitzingcr, 
•I. pr. Chotn, 1902, [ii], 66, 263 ; cf. Kaufmann, 
nnd Peycr, Ber. 1912, 45, 1805 ; Thiclcpape, ibid. 
1938, 71, 387). Cinchoninic ncid ciystnlliscs 
from water in needles with 1 H z O, or in prisms 
with 2H,0, depending on tho conditions, 
nnd becomes anhydrous r.t 100°. It has m.p 
253°-254°, is in solublo in ether, and sparingly 
solublo in water nnd in alcohol. 

Lcpidint, 4-mcthylquinolinc, C,H e N — CH 3 , 
was first isolated from tho products of dry dis- 
tillation of cinchonino with potash (Groville 
Williams, 1855), and has l>ccn synthesised by 
heating on tho water-bath a mixture of cqui- 
molecular parts of aniline, ncctonc, nnd methylal 
(or formnldchydo) saturated with hydrogen 
chloride (C. Beyer, J. pr. Chem. 1886, [ii], 33, 
418). Icpidino can bo prepared by heating 
hvdrocincheno or cinchene with 25% phosphoric 
ncid at 170°-180° (Koenigs, Ber. 1894,27, 1501 ; 
1890, 23, 2677). Lepidino is a hygroscopic, 
sternutatory oil, b.p. 264-2°/760 mm., which 
solidifies on cooling and then melts at 9°-10°. 
It is sparingly soluble in water nnd is volatile in 
steam. 

Oximinorinylquinvclidine, vinylquinuclidonc- 
oxime. HO— N-C <C 5 H, 0 N—CH = CH., is 
formed together with cinchoninic acid from 
rinchoninonc (or with quininic ncid from 
quininone), -when these ketones, dissolved in 
cold alcoholic sodium ethoxide, are treated 
with a little more than one molecular proportion 
of amyl nitrite. It crystallises from a mixture 


of ether and fight petroleum (b.p. 40°) in white 
needles, or from ethyl acetate in colourless 
prisms, m.p. 146°— 147°. The oximo is readily 
soluble in water, alcohol and benzene, fairly 
soluble in ether and ethyl acetate, and sparingly 
soluble in light petroleum. It is volatilo in 
steam, nnd sublimes below its melting-point. 
On hydrolysis with hydrochloric acid, tho 
bi cyclic system undergoes rupture, and there 
are formed hydroxylamino and meroquinene 
(Rabc, Ber. 1908, 41, 68 ; Annalen, 1909, 
365, 361). . 

Meroquinene, 3-vinylpiperidinc-4-acetic acid, 

CH 2 =CH— C 6 H s N— CH 2 — CO.H, 

is present among the products of oxidation of 
cinchonine, cinchotoxine, and quinine with 
chromic acid (Koenigs, Ber. 1894, 27, 1501 ; 
Annalen, 1906, 347, 196, 198). It is readily 
prepared by heating cinchene or quineno with 
25% phosphoric acid at 170°-180° (Koenigs, 
Ber. 1894, 27, 901, 904 ; Annalen, 1906, 347, 
194, 195). Its N-methyl derivative is very 
readily obtained by subjecting fsonitroso-N- 
methylcinchotoxine to the Beckmann rearrange- 
ment, when tho easily isolablo- N-mothylmero- 
quinene-nitrilo is formed (Rabo and Ritter, 
Ber. 1 905, 38, 2770). From a mixture of methyl 
alcohol and ethyl acetate meroquinene separates 
in almost colourless crystals, m.p. 223°-224°, 
[a]™ +27-6° (c=10 in water). It is very solublo 
in water, very- sparingly so in cold alcohol, and 
almost insoluble in ether or chloroform. Its 
hydrochloride has m.p I46°-148°, and the 
N-nitroso-derivativc melts at 67°. On reduction 
with zinc nnd hydriodic ncid, meroquinene i3 
converted to cincholoipon [see under Hydro- 
cinchonine, below ) (Koenigs, Ber. 1902, 35, 
1350), nnd on oxidation with cold potassium 
permanganate in acid solution it gives rise to 
Skraup’B cincholoiponic ncid. Meroquinene is 
an amphoteric Bubstanco ; its ethyl ester is a 
strong monoacidic base, while its N -acetyl and 
-nitroso- derivatives arc monobasic acids. 

d-p-Cincholoiponic Acid, 3-carboxypiperidine- 
4-aectic acid, H0 2 C — C 6 H 0 N — CH 2 — CO.H, 
results from the oxidation either with potassium 
permanganate or chromic acid or both, of all 
tho vinyl-alkaloids, of tho toxincs and tenincs, of 
meroquinene, of cincholoipon, nnd of numerous 
other transformation and degradation products 
of tho cinchona alkaloids (Skraup, Monatsh. 
1SSS, 9, 783 ; 18S9, 10, 39 ; IS95, 16, 175 ; 
1896, 17, 365 ; with WOrstl, ibid. 1899, 10, 
225 ; with Pum, ibid. 227 ; Schnidcrschitsch, 
ibid. 18S9, 10, 54, 57; Wfirstl, ibid. 07, 70; 
Koenigs, Ber. 1S95, 28, 3150 ; Annalen, 1900, 
347, 20S). It has been synthesised by Wohl, 
Losanitsch and Mang (Ber. 1907, 40, 4698; 
1909, 42, 627). Cincholoiponic acid crystallises 
from water in prisms containing 1 H 2 0 (m.p. 
12G°-127°) which is lost at 120°-125°. Tho 
anhydrous acid melts at 225°-226°, nnd lias 
[a]^ +30-1° (e=4 in water). It is very solublo in 
water and readily so in alcoholic hydrogen 
chloride, but it is insoluble in absolute alcohol 
nnd in ether. Its hydrochloride has m.p. 1 02’— 
194°, [a]p +3S° (c— 4 in water), and is fairly 
soluble in cold water and in alcohol, more 
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sparingly bo in hydrochloric acid. Cuicholoiponic 
acid behaves as a monobasic acid, but its N- 
nitKWO- and N -acetyl derivatives manifest full 
dibasic properties. On oxidation with cold 
potassium permanganate solution it gives rise to 
Joiponic acid. 

Lotponie Acid, pipendine-3 4 -di carboxylic 
acid, C,H,N (COjH)j, is obtamed as described 
above (Skraup, Jlonatsh. 18%. 17, 376). It is 
also found in small amount in the mother liquors 
from the cincholoipomc acid obtained by the 
oxidation of cinchonine. Loiponic acid crystal- 
lises from water in prisms, m p 259°-260®. 
It is sparingly soluble in cold water, and dis 
solves in about 20 parts of hot water ; it is almost 
insoluble m hot alcohol, readily soluble both in 
acids and in alkalis, and, on titration, behaves 
as a monobasic acid. It forms a nitroso- 
denvativc, m.p 167°-I6S°, and its hydro- 
chloride (m.p. 216®— 220®) has (a]p about +12° 
(e = 8 33 in water) (Koenigs, Her. I8D7, 30, 
1330). 

Cfnchotine. Set Hydroemchowne, p. IC2<f. 

Cinchotoxlne. See un der Cmchomne, p. 157c. 

Conchalramldlne, C„H I ,O t N,. occurs in 
tho bark of Kemtjia Furdieana together with 
cuicbomne, cmchonamine, concuscomne, chair- 
amine, chairamidine, and conchairamine It 
was isolated by llcsse (Annalcn, 1884, 225, 25C). 
For a echeme of separation the original paper 
should be consulted (ibid. 211, 218) It »a 
obtained ns a crystalline sulphate from the 
filtrate remaining after the chairamine has been 
separated as hydrochloride, and the conchair 
ammo as thiocyanate. Conchairamidine 
separates from its solutions ns an oil, and this 
gradually crystallise* with 1 H,0. The an- 
hydrous baso has mp. 114°-1I5®, and [a]” 
—60° (t>-3 in 07% alcohol). It is very soluble 
in alcohol, ether, chloroform, benzene, or acetone 
It is a weak base, neutral to litmus Con- 
centrated sulphuric acid gives a dark green 
colour. Tbo hydrochloride, B HC1,3H,0, 
sulphate, B t H,S0 4 .14H t 0, and other crystal- 
line salts have been described. 

Conchairamine, C,,H,,0 4 N,, was isolated 
by Hesse (Annalcn, 1831, 225, 246) from the 
mixture of alkaloids occurring in the bark of , 
firm ilia i'anfieana^ftcr removing concuscomno 
as sulphate, and chairamine as hydrochloride, the 
conchairamine is precipitated by potassium thio- 
e\ anatc Tbo base cry stalhscs from alcohol in 
thick, colourless prisms, BH t O C,H jOH, m p. 
82°-8C°. Tho alcohol of cry stalhsation is ex- 
polled at 100“, leaving tho monohydrato (m.p. 
103“- 110°) which, in its turn, becomes anhydrous 
and amorphous at 115®. The anhydrous form 
melts at about 120®, and has [o]Jf +68 4® (e=2 in 
07% alcohol). An acetic acid solution of con- 
chairamine, precipitated with ammonia, yields 
white crystalline flocks of the base, which 
contain 1 H t O, and dehydrate and melt at 110®. 
It is soluble in chloroform, ether, and hot 
alcohol. A solution in acetic acid gives a dark 
green coloration with concentrated nitric acid, 
and sulphunc acid produces a brown solution 
turning dark green. The baso is neutral to 
htmus, but forms well-defined crystalline salts, 
such as the hydrochloride, B-HCI, and sulphate. 


B»'H,S0 4 9H|0. It forms two methiodiJes: 
one crystallises with 3H t O and is white; 
the other, yellow, has 1 H x O. 

Concusconine, C„H„0 4 N,. wasisoUtedas 
the sulphate by llcsse (Annalen, 1884, 225, 
234) from the alkaloids in the bark of ktmjta 
Purdieann. The base crystallises from alcohol 
m monoclmic needles containing IHjO, m p. 
144® ; on further heating the melt solidifies.' 
and re melts at 2O6®-203°, [a]” +40 8° (e=2 of 
the hydrate in 97% alcohol), but Howard and 
Chick (J.S C.I. 1909, 28, 55) record the value 
+ 19 57°. Concuscomne is insoluble in water, 
very sparingly soluble in cold alcohol, and 
readily soluble in ether or chloroform. A 
solution m acetic or hydrochloric acid gives a 
dark green colour with concentrated nitric acid. 
With concentrated sulphuric acid a bluish green 
colour is produced, turning to olne green on 
warming Concusconine is a weak base, neutral 
to htmus, and its salts are for the most part 
amorphous. It gives rise to two methiodidcs, 
and contains two methoxyl groups. 

Conqulnamine, C| 9 H tl OjN,, is present to- 
gether with quinamine m small quantity m most 
cinchona barks, and was first isolated by llcsse 
(Ber. 1877, ID, 2158). It is found in the 
alcoholic mother liquors from which qumamino 
has been crystallised, and is isolated by means 
of light petroleum, and purified by crystallisation 
of tho nitrate, oxalate, or hydrobronnde. It 
crystallises from alcohol in long prisms nr 
pyramids, mp. 123®, [a]' 0 J +204 4° (c-1 in 
alcohol). It is fairly soluble in alcohol, ether, or 
benzene, but not in 50% alcohol or in water. 
It resembles quinamine in behaviour, and Bccms 
to bo closely related to it, for on melting its 
oxalate, or on heating with hydrochlono acid 
(spgr. M25) quinamicine and apoqmnamine ere 
formed, which are also obtained from qumanmie. 
A number of crystalline salts of conqumamine 
have been described (Hesse, Annalen, 1831, 209. 
62 ; Oudemons, tbui. 3S). 

Conquinine, See Qumidinc (p. 169li). 

Cupreine, Cj|H xl O a N t , occurs together with 
other cinchona alkaloids (but not cinchomdine) 
in the so colled “ Cuprea bark " (liemijia pedun- 
culate), which is no longer collected com- 
mercially, and there being no known way of 
preparing it artificially from other alkaloids, 
cupreine is now unobtainable. It was first 
isolated by Paul and Cownlcy (I'harm. J. 1831, 
15, 221, 401) from “ Aomoquinine," a loose 
compound of quiruno and cupreine, at first 
mistaken for a new alkaloid resembling quinine; 
Aomoquimnc is claimed to have been discovered 
by liessc’a assistant, Tod (see Hesse, Bcr- 
1882, 15, 857 ; 1883, 16. CO), but it was first 
described in tho published literature by Paul end 
Cownley (I’harm. J. 1881, 12. 497). The name 
“ ubraquininc ” was proposed for it by Hhiffin 
(ittd, 497) and “ Aomoqumine ” by Howard and 
Hodgkin <»W. 528; J.C.S. 1882,41,66) ; teeal*> 
Hesso (Annalen, 1884, 225. D5 ; 1834, 226, 240; 
1885, 230, 55). 

Cupreine crystallises from ether in concen- 
trically grouped prisms containing 2H,0, 
which can only bo expelled at 1 20“— 123®. I rom 
dilute alcohol it crystallises with l/3HjO. 
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The anhydrous base melts at 108° and has [q]J, 7 
— 173-5° (c~h2 in alcohol), l'or rotations in 
various alkaline solutions, see Oudcmans (Rec. 
trav. chirn. 1800, 9, 171). It is readily soluble in 
alcohol, but sparingly so in ether, chloroform, or 
benzene. As a phenol, cupreine dissolves freely 
in aqueous caustic alkalis, from which it 
is reprecipitatcd by carbon dioxide, but is not 
readily solublo in ammonia. Cuprcino is non- 
liuorcscent, but gives the tlmlleioquin reaction, 
and a red-brown coloration with ferric chloride 
solution. Stcrcochcmically, cuprcino is cin- 
chonidine with a hydroxyl group in the 6-posi- 
tion of the quinoline nucleus, or the phenol of 
which quinine is the methyl ether, for cupreine 
giu-s rise to quinine when heated with 1 4 
molecules of methyl nitrate in presence of sodium 
rocthoxide in a scaled tube at 100° (Grimaux and 
Amend, Compt. rend. 1891, 112, 774). With 
methyl iodide there are formed cupreine meth- 
iodido, dimethiodide, qninino methiodide or 
dimethiodide, depending on tho conditions. 
With hydrochloric acid it gives rise, like quinine, 
to " fipoquininc ” (see under Quinine) (Hesse), 
and on catalytic hydrogenation to hydroeuprcine 
(see wider Hydroquiniiic) (Giemsa and Halbcr- 
knnn, Rcr. 1918, 51, 1325). It forma a diacetyl 
derivative. 

The salts of cupreine are colourless, and tho 
acid salts afford eolouilcss solutions, but the 
neutral salts dissolve in water with an intenso 
yellow colour. The sulphate, B ; -H.,S0 4 , crystal- 
lises from water in anhydrous needles (Howard 
and Chick, J.S.C.I. 1909, 28, G3), m.p. 237° 
(dccomp.) (Giemsa and Halberlcann, l.c.), soluble 
in 813 parts of water at 17°, and in 209 parts 
at 100°. It is also sparingly soluble in alcohol. 
The add sulphate, 6-HjS0 4 , contains 1 H,0 
according to Hesse, and Howard and Chick, but 
2H.O according to Oudcmans (Rec. trav. clum. 
1889, 8, 147) and Giemsa and Halbcrkann. 
It separates in large, transparent, faintly 
yellow, prismatic plates, [o]“ —197-9° (c— 
1-1821 in water), and is soluble in about 70 
parts of cold water. A tctrasulphatc is also 
Known. Cupreine hydrochloride, B-HCI.H.O 
(colourless needles), dissolves in about GO parts 
of cold water, and has [a]J, 7 —154-8° to -157-1° 
in water (c— 0 07 to 0-8G), and — 1G7-3 0 to 
— 109 7° in nlcoliol (e*=0-9 to 1-42). For other 
salts the pnpers of Hesse and of Oudcmans 
already cited should bo consulted, and for 
physiological action of cupreine see Grimaux 
and La horde (Compt. rend. Soc. Biol. 1892,44, 
G0S). 

Tiie procedure whereby Grimaux and Arnaud 
(l.e.) succeeded in methylating cuprcino to 
quinino enabled them also to prepare the 
following scries of liomologucs of quinine : 

Quirethylir.e, C^H.jO.N,, ethylcuprcinc, 
(Compt. rend. 1891, 112, 1301), m.p. 1G0 J ( dru ), 
l n ln — 109 4°. The sulphate, B.-H;S0 4 .H ; b, 
dissolves in 397 parts of water at Ig c . According 
to Giemsa and lialbcrknnn (Her. 1918. 51, 1332) 
the base has m.p. 1G5°-1GG\ nnd [a]„ — 15S-9’ 
in alcohol. 

QuinpropyVne. C.jH : ,0 : N ; , u -propyl- 
cuprcino (Grimaux and Arnaud, Compt. rend. 

Vol. III.— 11 


1G1 

1892, 114, G72), m.p. 164° (dry). The sulphate, 
B s -HjS0 4 ,1 JH,0, is soluble in 454 parts of 
water at 13°. 

Quinisopropylinc, C !2 H; 8 OjN : , isopropyl- 
cupreinc (ibid.), m.p. 151° ; ByHLSO^HjO, 
dissolves in 3G7 parts of water at 10°. 

Quinisoamylinc, CjjHjjOjNo, isoamyl- 
cupreino (ibid.), is amorphous, m.p. 107°. 
B.-H„S0 4 is soluble in 4,170 parts of water at 
1 1-5°.* 

Unlike cupreine, the above homologous ethers 
fluoresce in dilute sulphuric acid solution. 
They arc said to bo more powerfully anti- 
pyretic, but more toxic than quinine (Grimaux, 
Labordc and Bourrti, Compt. rend. 1894, 118, 
1303). 

Cuscamldine, of undetermined composition, 
occurs in Cusco bark (Cinchona Pdlclierana). It 
is amorphous, and is obtained together with 
cuscaminc (which it closely resembles) by tho 
addition of nitric ncid to an acetic acid solution 
of the total alkaloids of tho bark. The two 
bases are separated from one nnothcr ns oxalates. 
The salts of cuscnmidine are amorphous and nro 
more solublo than those of cuscaminc (Hesse, 
Annalen, 1880, 200, 304). 

Cuscamine, of undetermined composition, is 
obtained from Cusco bark (sec wider Cuscn- 
midine, aboit). I 1 crystallises from alcohol in 
prisms, m.p. 218°, is readily soluble in ether and 
in hot alcohol, but sparingly so in cold alcohol. 
It gives a yellow colour with concentrated 
sulphuric acid, turning brown on warming ; on 
adding molybdic acid a bluish-green colour is 
obtained, turning brown on heating, and violet- 
brown on rc-cooling. With nitric acid a yellow 
coloration is obtained. Cusrnminc is not a 
strong base, but many salts arc known, some of 
which are crystalline (Hesse). 

Cusconidine, of undetermined composition, 
is an amorphous nlknloid occurring in Cusco 
bark ( Cinchona Pclleticrana). It is obtained 
from cusconine mother-liquors (see below). Its 
salts are amorphous (Hesse, Annalen, 1880, 200, 
303). 

Cusconine, CjjHjjOjNj, occurs in Cusco 
bark and is obtained ns sulphnte nfter removing 
the aricine (q.v.) ns acetate. It was discovered 
by Levcrkoehn in 1820. It crystallises fioin 
ether in white leaflets with 2H„0. The water 
is lost at 100° nnd tho dry- base lias m.p. 110°, 
[ale —54-3° (c--2 in 97% alcohol). It dissolves 
in 33 parts of ether at 15°, more easily in alcohol 
or acetone, very readily in chloroform, nnd is 
insoluble in water. Cusconino gives the samo 
colour reactions witli sulphuric acid nnd with 
ammonium molybdate as docs aricine (q.v.). 
It is a weak base : its salts have an ncid reaction, 
nnd arc amorphous (Hesse, Annalen, 1877, 185. 
290). 

Dicinchonine (dicinchonicine), C,,H 44 O.N 4 , 
has the same empirical composition ”ns cincfion- 
ine, and nltliough its molecular weight is half 
that indicated by the formula, Hcs'e prefers the 
double formula by analogy with diconquinine. 
It occurs in Cinchona rosnlcnta and in C. 
sur.drubra together with the other principal 
cinchona alkaloids. Being soluble nnd amor- 
phous it tends to pass into the so-called “ quino- 
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dine” fraction in gamine manufacture, and is 
recovered therefrom as the thiocyanate. It is 
purified by crystallisation of the hydrochloride. 
The free base is a yellow amorphous substance, 
m p 40°. [o]“ +91-7® (c=l 52 in 97% alcohol). 
It is very soluble in alcohol, ether, acetone, 
chloroform, or benzene, but not in alkalis. It 
does not give the thalleioqum reaction. It is a 
strong base, and its hydrochloride, B 2HCI. 
crystallises well {Hesse, Annalen. 18S5, 227, 153) 
On beating with by drochlonc acid , it is converted 
Into the isomeric, amorphous diopoctnchomne, 
soluble in ether, alcohol, or chloroform, [a] D 
+20° in alcohol (Hesse, Annalen, I8S0, 205, 
333). Duzpocinchomne u a mixture of isomendea 
containing a- and P wocinchomne (Jungfleisch 
and Leger, Compt. rend. 1892, 114, 1192 ; 
Hesse, Annalen, 1893, 276, 118). 

Diconquinine (diquinieine), C|,H u O|N,, 
the essential constituent of commercial “qumoi- 
dine ” (jr.). is prepared by removing from 
quinoidinc the toxines w the form of oxalates 
A chloroform extract of the residue, a red- 
Lrown amorphous mass, constitutes “ dicon- 
quinine " (Hesse, Ber 1877, 10, 2155) It is 
dextrorotatory, fluorescent m dilute aulphunc 
acid, and ahows the thalleioqum reaction Its 
salts are amorphous. According to Hesse 
diconquinine is to be considered as derived from 
the condensation of two molecules of con- 
quinine (quinidino) with the elimination of one 
molecule of water There seems to be little 
evidence for this view, and Hesse himself found 
that the molecular weight of diconquinine corre- 
sponded to the arngle (C, # ) formula 

Hydrocinchonidme (cinchamidine, dihydro- 
cinchonidine), C„H,,ON h was first isolated by 
Font anil Bohnnger (Her. 1881, 14, 1270) 
by oxidising commercial cinchomdinc, which 
contains hydrocinchonidme, from Cinchona 
Ledgenana, w ith cold potassium permanganate 
m acid aolution The cinchomdine being con 
Verted to the arophotcnc substance cmchotem- 
dine (ire under Cinchomdinc), and tho hydro- 
cinchomdine remaining for the most part 
unchanged, it could be readily isolated. Hydro 
cinchomdine is best prepared by the catalytic 
hydrogenation of cinchomdine, with which it is 
identical except that it contains an ethyl side- 
chain in place of the vinyl group of the latter. 
It is identical with llcasc's cinchamidine (Ber. 
1881, 14, 1683,) which he isolated from the 
mother-liquors of cinchomdine sulphate. 

llydrocinchomdine crystallises from hot dilute 
alcohol m hexagonal leaflets, m p 229°-230°, 
{a]” -93 4® (e-2 m 97% alcohol); -144 fi® 
(c=0 735, i.e. an Jf/40 solution in O-lA’-HjSOJ 
(Buttle, Henry and Trevan, Biochem J. 1934, 
28, 433). It is almost insoluble in water, scry 
sparingly soluble in ether and chloroform, and 
more sjianngly soluble in alcohol than is ctn- 
thomdine. It is non fluorescent and docs not 
show the thalleioqum reaction. 

The hydrochloride, B HCI,2HjO (Hesse, 
Annalen, 18S’, 214. 1) has -80 4® (e= 
1-19 of hydrated ealt in water). It is very] 
soluble in w ateror alcohol. According to lleidel- 
berger and Jacobs (J. Amcr. Chera. Soc. 1919, 
41, 821) the salt crystallises from a mixture of 


alcohol, ether and light petroleum in anhydrous, 
microscopic needles and plates, m p. 202®-203®, 
[q]J* —89-4® (c= 1-197 in water), and is readily 
soluble in chloroform, and fairly soluble in 
acetone. 

The sulphate, Bj-HjSOj.THjO, needles, is 
soluble in 67 parts of cold water. 

Hydrocinchonidme is stable, it is not readily 
oxidised by potassium permanganate, nor 
isomensod by the action of hot mineral acids, 
but on melting the acid sulphate, hydro- 
cmchotoxine (see under hydrocmchonme) is 
formed and on heating with hydrochloric acid in 
sealed tubes epi hydrocinchonidme is formed. 
On oxidation with chromic acid it gives rise to 
cinchommc acid. 

epi I lyd roci nchon id ine, C„H,,ON„ is epi- 
mene with hydrocinchonidme about the carbinol 
(CH-OH) group, and is obtained either by the 
catalytic hydrogenation of epicin thorn dine, 
or by the catalytic reduction of hydrocinchonm- 
ono or by inversion of hydrocmchonme (q r ) 
with a my 1 alcoholic potassium hydroxide (Rabe, 
and others, Annalen. 1932, 492, 251, 255, 263). 
It crystallises from ether in colourless needles, 
up. 100°, [a]” +48 3° (<=1-004 in 99% 
alcohol) It is very readily soluble in ether and 
in acetone, and more so than epihydrocinchon- 
ine. epiHydrocincbomdme was first described, 
but not named, by Vereinigto Chminfabnken, 
Zimmer 1 Co , G m.b H„ in G.P. 330813, 19*0. 

Hydrocinchonidme Chloride, 

C,H,N — CHCI — C 7 H„N — C|H f , 
was prepared by Cohen and King (Proc. Roy. 
Soc. 1933, B. 125, 54). The hydrochloride 
crystallises from alcohol, m p. 233°- 235® 
(decomp.), [a]”’ +24® (e=0 0 in water). 

Desoxyhydrocmchomdine, 

C,H ( N — CHj — C t H„N— C,H f , 
has been mado by the catalytic hydrogenation of 
unchonidino c blonde. (Cohen and King, Tree. 
Roy. Soc. 1938, B, 125, 56). It has also been 
obtained from epihydrocinchoiudine chlonde 
by redaction with mm and sulphuno acid (Rabe 
and others, Annalen, 1932, 492, 250), and from 
tho hydrazone of bydrocinchomnone by heating 
at 180® with potassium hydroxide (ibid. 263, 
264, 265). In the last preparation a mixture 
of desoxyhydrocinchomdino and desoxyhydro- 
cmchonme (tee tinder Hydrocinchonine) . i* 
formed, the desoxyhy drocinchonidine being 
isolated as tho dianisoyl tart rate from acetone. 
Tho base has m.p. 52® (ibid. 256) or 42° —14® (ibid. 
265), and [n] D -21-2° (c=0 4 or 0 8 in alcohol). 
The hydrochloride, from a mixture of methyl 
alcohol and ether, has m p. 186®-J 88®, and [«]JJ 
+0-0® (<=1-03 in water). 

Hydrocinchonine (cinchotine, ilihydrocin- 
chomne), C„H, i ON,, was first isolated from 
Hemigia Purdieana by Caventou and Will® 
(Annalen, 1870. SuppL 7, 247). It occurs in 
most cinchona barks, and « a common com- 
ponent of commercial cinchonine, whence Hesse 
obtained it by oxidation with potassium 
permanganate in sulphuric acid solution at o 
(Annalen. 1873, 168. 256). He therefore re- 
garded it as an oxidation product of cinchonine. 
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!mt Skraup showed Inter that it pre-exists in the 
“ cinchonine,” nnd that the effect of the reaction 
with permanganate is to oxidise the latter 
alkaloid, not to hydrocinchonine but to the 
amphoteric substance cinchotenine, nnd thus to 
facilitate tho isolation of tho hydrocinchonine 
which is left largely unattached (Annalen, 1879, 
197, 362). Other 'methods for isolating hydro- 
cinchonine depend on tho crystallisation of the 
hydriodides (Hcs«o, Annalen, 1890, 260, 213, 
220; 1898, 300, 45; Bum, Monatsh. 1895, 16, 
70), on heating with diluto sulphuric acid (tho 
rinchonino becomes greatly altered, whereas tho 
hydrocinchonine, remaining unchanged, can be 
readily separated from tho resulting mixture) 
(J imgllcisoh nnd Logcr, Bull. Soc. chi m. 18S8, 49, 
747 ; 1901, 25, 881), on fractional crystallisation 
of tho dihydrobromidcs (Buttle, Henry nnd 
Trcvan, Bioehem. ,T. 1934, 28, 437), and best, 
on tho formation of a compound between cin- 
chonine, but not hydroeinchoninc, and mercuric 
acetate (Tliron and Dirscherl, Annalen, 1935, 
515, 252). Hydrocinchonino is most con- 
veniently prepared, however, by the catalytic 
hydrogenation of cinchonino, from which it 
differs only in containing an ethyl side-chain 
in placo of tho vinyl group of tho latter. 

Hydrocinchonino crystallises from alcohol in 
prisms nnd scales. Its melting-point is variously 
given between 267° (Buttle, Henry and Trcvan, 
l.c.) nnd 278° (.Tungfleisch nnd Lcger, l.c.). 
Hesse found 268°-269°, nnd Skraup 277-3°; 
[a]„ in alcohol, between +189-8° (Rabo nnd 
others, Annalen, 1910, 373, 100) nnd +204-5° 
(Hesse, ibid. 1898, 30 0, 46) ; [a] n in aqueous 
ncid solution between +220-8° (Buttle, el al.) 
nnd +227-7° (Jungfleisch nnd L6gcr). Hydro- 
cinchonine dissolves in 1,360 parts of cold water, 
but is more soluble in boiling water. It dissolves 
in 534 parts of ether, or 220 parts of alcohol at 
20°, nnd is much less soluble thnn cinchonino 
in an alcohol-chloroform mixture. 

Hydrocinchonino is stablo towards mineral 
acids, nnd is unablo to react, ndditivcly with 
hydriodic ncid, but heated in a scaled tubo with 
25% hydrochloric ncid, it gives riso to somo 
r/iihydrocinchonino (ere below ) ; it can bo sul- 
phonated by means of concentrated sulphuric 
acid. Boiling with diluto acetic ncid affords 
hydro; inehotoxino (see below). It is not readily 
nttneked by potassium permanganate, but with 
chromic ncid it is oxidised to hydrocinchoninono 
[fee below), einchoninic ncid, cincholoipon (jcc 
below), rincholoiponio nnd loiponic acids (tee 
tinder Cinchonino). 

lli/drocinehonine Hydrochloride, B-HCI,2H.O 
(I-’orst and Bohringer, Ber. I SSI, 14, 437 ; 
son Arlt, Monatsh. 1899, 20, 431 ; Hcidelbergcr 
nnd .larobs, ,T. Anier. Cliem. Soc. 1919, 41, 
826) crystallines from water in noodles, m.p. 
216° (von Arlt), or 221°-223° (dry) (Hcidelbergcr 
nnd Jacobs), [o)jJ +159-3° (e-0-741 in water). 
It is soluble in 47 parts of cold water. 

The filpSnle, B.-H.SOj, crystallises in 
prisms, leaflets, or needles with 2, 6, 9, but 
ordinarily with 11 or 12H s O, depending on tho 
condition*. The dihydrate has +164-4° 

(r«-2 5 in alcohol). The anhydrous salt, which 
absorbs 2H.O on exposure, has m.p. 195°, is 


soluble in about 30 parts of cold water and in 
about 10 of boiling water. The dodecahydrate 
is efflorescent. Many other salts of hydro- 
cinchonino aro known such ns tho neutral nnd 
acid hydrobromide and hydriodido, ncid 
hydrochloride and sulphate, two tartrates, and a 
thiocyanate. 

Ilydrocincholoxinc (dihydrocinchotoxine, hy- 
drocinchonicine, cinchotinetoxine, cinchoticine), 

C s H 6 N— CO— CH 2 — CHj— C s H 9 N— C 2 H c , 

is obtained by boiling hydrocinchonino with 
diluto acetic acid (Koufmann nnd Huber, 
Ber. 1913, 46, 2919 ; Ivnufmann, Rothlin, nnd 
Brunnschweilcr, ibid. 1916, 49, 2303). It has 
also been obtained by “ partial synthesis ” 
(Rabo nnd Kindler, ibid. 1918, 51, 1360) from 
einchoninic ester and benzoylAomocinchoIoipon 
ethyl ester; (for tho subsequent synthesis of 
homo cincholoipon, see Rabe nnd others, ibid. 
1931,64,2493). It is a viscous oil, [a]” +8-S° 
(c=6-I7 in alcohol). Its N-bcnzoyl-derivati\ o 
has m.p. 124°, and tho dipicrato of its phenyl- 
hydrnzonc melts at 215°. Tho free toxino, which 
is readily soluble in other or in diluto alcohol, 
can bo brominated, nnd is then on treatment with 
alknli converted into hydrocinchoninono (see 
below). Hydrocinchotoxino gives purplo colora- 
tions with nitrobenzene containing nitrothio- 
plicno nnd with dinzobenzcncsulphonic acid. 

epi Hydroeinchoninc, Cj e H 21 ON 2 , is cpimcrio 
with hydrocinchonino about tho cnrbinol 
(CH-OH) group. It was first obtained but 
not named by Vercinigte Chininfabriken, Zimmer 
& Co., G.m.b.IL, G.P. 330813/1920, by tho 
reduction of hydrocinchoninono with aluminium 
or zinc in nlcoholic solution in presence of sodium 
cthoxide. It can also bo obtained from hydro- 
cinchoninone by cntalyticreduction, from hydro- 
cinchonino by epimerisntion with amyl nlcoholic 
potash, nnd from cpicinchonino by catalytic 
hydrogenation (Rabo and others, Annalen, 
1932, 492, 252-255, 263). In all cases except tho 
last, a mixture of hydrocinchonino, hydrocin- 
chonidinc, cpthydrocinchonine, nnd cpi hydro- 
cinchonidino is produced. Tho first two 
naturally occurring alkaloids aro readily re- 
moved by taking advantage of their sparing 
solubility in ether. Tho two residual cpi-bases 
nro separated mechanically- nnd by fractional 
crystallisation from ether and from acetone. 
cpiHvdrocinckoninc crystallises from acetone in 
colourless, tapering prisms, m.p. 126°, fa]’, 3 
+ 88-4° (e -1-0012 in 99% alcohol). It is 
rcndily soluble in ether or acetone, and very 
readily so in alcohol or benzene. 

JJydrocinchoninonc, 

CsH s N — CO — C 7 H n N — C.Hj, 

is obtained in low yield by the gentle oxidation 
of hydrocinchonino with chromic acid (Rabe, 
Nnumann and Kuliga, Annalen, 1909, 364,’ 
349), but is best prepared indirectly from 
hydrocinchotoxino by way of the C-brumo 
derivative (Knufmann and Huber, Ber. 1913, 46, 
2920 ; Kaufrnnnn nnd Hacnsler, ibid. 1917, 50,’ 
703 ; Rabe nnd Kindler, ibid. 1918, 51, 1365)’ 
It separates in palo yellow crystals from 60% 
alcohol, has m.p. 138’ (Rabe) or 130’ 
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(Kaufmann) and [o] D (final value) on the average 
+76* in alcohol (e=from 2 to 4). The hydro- 
chloride, which is quite white, crystallises from 
alcohol and ether and has m.p. 265°. The oxime 
is amorphous. For the mntarotation of hydro- 
rinchonmone. tee Rabe and others (Annalen, 
1910, 373, 118). 

Uydrocinchonine Chloride, 

C,H,N— CHCI— C 7 H n N— C,H S , 
is made by treating dry hydrocmchomne hydro- 
chloride in chloroform with phosphorus penta- 
chloride (Koenigs and Hoerhn. Be-. 1894, 27, 
2291 ; Jacobs and Heidelberger, J. Amer. 
Chem. Soe. 1922. 44. I0S7) Crystallised from 
rtherit has m p. S5®-87“ (i tide/ ) or with 1 5H t O 
from aqueous acetone, m.p. 70“ (i ndef). The 
Utter fora, on drying in a desiccator, becomes 
amorphous and has [a]” +36-4“ (e =1-001 in 
alcohol). It is very readily soluble in organic 
solvents. The hydrochloride, m p. 227°-22S°, 
[«)” +48 8“ (c— 1 107 m water), crystallises 
from 85% alcohol, and is sparingly soluble in 
cold water or alcohol, but more readily so jn the 
boding solvent. The hydrobromide u very 
sparingly soluble in water. 

Dcforyhydroci nchon i ne, 

C,H|N — CH, — CjHjjN — CjHj, 
is made either by reducing hydrocmchomne 
chloride with iron in dilute sulphuric acid 
(E. G. W Schmidt, Dissertation, Jena, 1913, 
Jacobs and Heidelberger, J Amer. Chem Soc 
1022, 44, 10SS), or by hydrogenating desoxy- 
cinchonine or cinchene using a palladium- 
calcium carbonate catalyst (Schopfand Schmidt, 
Annalen, 1928, 465, 127), or by heating the 
.hydraxone of hydrocmehonroone with powdered 
(potassium hydroxide (Rabo and von Ricgen, 
Annalen, 1932, 492. 263). Deroxy hydro- 
cmchomne base crystallises from moist ether or 
from aqueous acetone with 2H,O t m p. C0“, 
I°3n +113 8® (e— 1-014 in alcohol). The water is 
lost m dry air or in a desiccator, and the base 
becomes amorphous. It separates in the an- 
hydrous condition from light petroleum or from 
absolute ether, and then has m.p. 74“, 

+ 147° in alcohol. It is easily soluble in organic 
sol rents. The hydrochloride crystallises from 
alcohol in narrow glistening pUtes and prisms, 
ro p lOr-199 3 , (o)p* +69-3“ (e=l 0G8 in water).! 
The salt jj fairly soluble in alcohol, very readily 
so m methyl alcohol or in chloroform, but less eo 
m acetone. The hylnodide has m p. 230“-23l“. 
llyd'ocmchene, 

C,H,N— CH=C < C t H„N— C,H f . 

is prepared by boding hydrocmchomne chloride 
with alcoholic potash (Koenigs and Hoerlin, 
Her. 1894, 27, 2291 ; Koemes. ibid. 1895. 28, 
3146 ; J. pr. Chem. 1900, (nj. 61, 44 ; tee also 
Koenigs. Ber. 1894, 27. 1504). It crystallises 
from aqueous methy 1 alcohol in leaflets, m p 
145“. With 25 % phosphoric acid at 170“ it is 
hydrolysed to lepidine (? r. under Cinchonine) 
and cincholoipon (tee below), but does not react 
with hydrobromic acid (distinction fro T_ 


cinchene). Tt is isomeric with, but distinct from, 
desoxycin ch onine. 

On m i a oethylqv 1 n 1 iclidine, ethvlquinuchdone- 
oxime, H O— N = C < C »H , „N— C,H„ is formed 
together with cmchorunic acid from hydro- 
emchoninone, when this ketone, dissolved in 
cold alcoholic sodium cth oxide, is treated with a 
little more than one molecular proportion of 
amyl nitrite (Rabe and Namnann, Annalen. 
1909, 365, 363). It crystallises in white needles 
from & mixture of light petroleum (b p. CQ“-65“) 
and ethyl acetate, and has m.p. 133“-134“. It w 
readily soluble in water, alcohol, ether, or 
ethyl acetate, but less so m light petroleum. On 
hydrolysis with hydrochloric acid, the bicyche 
system undergoes rupture, and there are formed 
hydroxylamine and cincholoipon. 

Cincholoipon, 3-ethylpiperidine-4 acetic aeid, 
C.Hj — CjH,N — CH, — CO.H, was first dis- 
covered by Skraup (Monatsn 1888, 9, 605) in 
the products of oxidation of cinchonine and 
quinine with chromic acid. It was shown by 
Koenigs, however (Ber. 1894, 27, 1501 ; with 
Hoerlin, t bid 2290), that the cincholoipon was 
derived not from these alkaloids but from the 
hydro alkaloids present in the commercial 
materials. Cincholoipon can be prepared either 
by the hydrolysis of hydrocinchene with 25% 
phosphoric acid at 170°, or by oxidation of 
hydrocmchomne with chromic acid (Koenigs, 
and Koenigs and Hoerlin, le) It has also 
been prepared by the reduction of meroqtunene 
(jr. under Cinchonine) either with rmc and 
bydnodic acid (Koenigs, ibid. 1902, 35, 1350), 
or better catalytically (Kaufmann, Zeller and 
Huber, tbid. 1913, 46, 1830). It can also be 
prepared from hydrocmchoninone, by the 
action of amyl nitnte followed by hydrolysis 
(see Oximinoethylquinurhdme, n&ore). Its N- 
methyl derivative is readily obtained by subject- 
ing wonitroso-N-methylcinchotoiine to the 
Beckmann transformation ; the easily isolable 
N -methyl denvat 1 ve of the mtnie of cmcholoipon 
is then formed (Rabe and Ackermann, Ber. 
1907, 40, 2013). Cincholoipon crystallises from 
methyl alcohol and has to p. 236°. It is soluble 
in water. The hydrochloride consists of yellow 
rhombic crystals, m p. 200°, readily soluble in 
water or in alcohol, but not in ether. The salt 
has fa}^* —5 6“ (e*=10 in water). Cincholoipon 
ethyl erter hydrochloride has m p. 158° and 
[a]” + 5-7 1“ (c = 8 29 in water). 

Hydroquin Idine, C, a H, ( O^N,, occurs in 
commercial quuudine, sometimes in Jarge 
amount. It was first isolated from this source 
by Foist and Bohnnger by oxidation with 
potassium permanganate in acid solution at 0“ 
(Ber. 1881, 1*. 1954; 1882, 15, 520, 1656). the 
effect being to oxidise the unsaturated quuudine 
to the alkali-soluble quitemdine, and thus to 
facilitate the isolation of the hydroquimdme. 
It is best prepared by catalytic hydrogenation 
of quimdme, from which it differ* only in h wig 
an ethyl aide-chain in place of a vinyl gtu '? 
It has been synthesised by Rabe, Huntenbur,, 
Sehultxe and Volger (Ber. 1631, 64, 24S7). 

llydroqmmdine crystallises from ether (stout 
plates) or alcohol (needles), and n said to contain 
2 5H t O which is easily expelled, but the exist* 
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cticc of such a hvdrate is doubtful (Gicmsa and 
Halberkann, Bcr.I921, 54, [BJ, 1201). The dry 
base melts at 109° and has [a]p +231-3° (c= 
2-0210 in alcohol), and +299° (e=0-815, i.c. an 
31/40 solution in 0-1 A'-H.S0 4 ). It is sparingly 
soluble in ether, but dissolves readily in hot 
alcohol. It gives the thallcioqnin reaction, and 
fluoresces in dilute sulphuric acid solution. 
Under the influence of hot mineral acids it is 
dcmcthylatcd to hydrocupreidine (v. infra), 
but docs not undergo isomerisation. It i.s 
fairly stable towards potassium permanganate, 
but with chromic acid is oxidised to quininie 
acid (q.v. -under Quinine), and cincholoipon (». 
supra). 

Hydroquinidine Hydrochloride, B-HCI, is 
readily soluble in water, melts at 273°-274°, 
and has [a]™ +183-9° (c — 1-3 in water) (Ilcidcl- 
l>crger and Jacobs, J. Amer. Chera. Soc. 1919, 
41, 820). 

11 yd roqit in idi n c Sulph ate, B 2 - H . S O 4 , sepa ra tea 
from water abovo 20° in needles containing 
3H.O (Gicmsa and Halberkann) or 2H.O 
(Hesse). Tho anhydrous salt, m.p. 214°, 
does not absorb water on re-exposure. When 
crystallised below 10°, the sulphate separates in 
prisms, and theso are so efflorescent that it is 
difficult to determine their initial water content, 
which is given ns 8 and 12H.O, but may be ns 
high ns 1 8 H.O. Tho hydrate stable in the air 
appears to bo B,,-H..S0 4 .2H.,0, for the an- 
hydrous salt reabsorbs that amount on oxposuro. 
liydroquinidino sulphate dissolves in 92-3 parts 
of water at 10°. 

The dihydrochloridc has been used to separate 
quinidino and liydroquinidino (Buttle, Henry 
and Trovnn, Biochcm. J. 1934, 28, 434); the 
dihydrobromidc has been described by Emdo 
(llelv. Chim. Acta, 1932, 15, 575). The neutral 
tartrate, B.-CjHaOj.SH.O, is readily soluble in 
water, but tho acid tartrate, B-C 4 H 0 O 0 ,3H.O, 
is sparingly soluble. 

epillydroquinidine, C :0 H =c O ; N,, is cpimcric 
with liydroquinidino about the carbinol 
(CH-OH) group. It is obtained either by 
heating hydroquinino with amyl alcoholic 
potassium hydroxide, or by the catalytic reduc- 
tion of hydroquiniuonc, or by catalytic hydro- 
genation of rpiquinidine. In each case except 
the last, a mixture of hydroquinine, hydro- 
quinidine, r/n’hydroquinine and epi hvdroquini- 
dine is produced. After removing the first two 
naturally occurring alkaloids as neutral and acid 
tartrate respectively, the two epi- bases are 
separated ns neutral dibcnzoyltartrntcs from 
U-nrene. The r/iihydroquinidine so obtained 
from the more soluble component is finally 
purified by recrystallisation of the base from 
ether, f/iillydroquinidine has been synthesised 
(UnlH- and others, Bcr. 1931, 64, 2499). It 
forms colourless, flat prisms from ether, m.p. 
122 , (n)]J + 73-7° (c - 0-3321 in alcohol), is 
very readily soluble in alcohol, fairly soluble in 
ether, and is strongly fluorescent in sulphuric 
arid solution. Its dibenr.oyltartratc, m.p. 150“- 
157', ri sparingly soluble in water, ether, ben- 
7cnc. or cold alcohol, but readily so in hot alcohol 
(Hal-' and others, Annalen, 1932, 492, 253, 250, 
257,261). 


Hydroquinidine Chloride, 

CH 3 0-C e H 5 N— CHCI— C-H n N— C;H S , 

is prepared from dry hydroquinidine hydro- 
chloride and phosphorus pentnchlorido in 
chloroform solution (Heidelberger and Jncobs, 
J. Amer. Chcm. Soc. 1920, 42, 1497). It crystal- 
lises from light petroleum in cream-tinted plates, 
m.p. 93-5°-95°, [a]" +20° (c=0 G in alcohol). 
The hydrochloride, needles from alcohol, m.p 
20S°-209°, [a]” +39-7° (c=0-795 in water), is 
readily solublo in water and in methyl alcohol, 
less so in ethyl alcohol or in chloroform, and 
sparingly so in acetone. 

Desoxyhydroquinidinc, 

CH a O — C 3 H 6 N — CH 2 — CjHjjN — C : H S , 

is obtained by reducing hydroquinidine chloride 
with iron filings in dilute sulphuric acid (Heidel- 
berger and Jacobs, J. Amer. Chem. Soc. 1920, 
42, 1497). It has also been mado similarly from 
cpfhydroquinidino chloride (Rabe and others, 
Annalen, 1932, 492, 258), and tho following par- 
ticulars aro taken from these two sources (c/. 
Gicmsa and Halberkann, Ber. 1921, 54, 1203). 
Desoxyhydroquinidinc crystallises from 00% 
alcohol with 2H.O, m.p. 85°-S7°, [a%* J +167-3° 
(c= 1-124 in nlcohol). Tho anhydrous baso 
melts lower at C8-5°-70°. 

It is readily solublo in nlcohol, acetone, 
chloroform, or benzene and less so in ether. It 
gives the thnlleioquin reaction and fluoresces 
in dilute sulphuric acid solution (purple). Its 
hj-drobromide melts at 15 1°-152°. 

Hydrocupreidine, C, 0 H, 4 O.,N.,, was first 
obtained by Heidelberger and Jacobs (J. Amer. 
Chcm. Soc. 1919, 41, 827) by the demethylntion 
of hydroquinidine with 4 parts of boiling 40% 
hvdrobromic acid at 125°. It can also bo 
prepared from liydroquinidino with strong 
sulphuric acid, tho resulting hydrocupreidino 
sulphonic acid being saponified by heating with 
dilute hydrochloric or sulphuric acid (Gicmsa 
and Bonath, Bcr. 1925.58, [B], 93), or directly 
by boiling with 60% sulphuric acid (Henry and 
Solomon, J.C.S. 1934, 1929) Hydrocupreidine 
crystallises from aqueous nlcohol (Heidelberger 
and Jacobs) or from acetono (Henry nnd 
Solomon) ns an indefinite hydrato which is 
difficult to dry without discoloration ; tho 
hydrate melts at 170°. Tho anhydrous baso 
melts indefinitely at 195°. According to Gicmsa 
nnd Bonath the base crystallises from absolute 
alcohol, and then has m.p. 193°. The specific 
rotations given for the dry baso in alcohol arc 
widely different: +233-4° (Heidelberger anil 
Jncobs), -j- 242-5° (Gicmsa and Bonath), +227-2° 
(Homy and Solomon). Tho base is readily 
soluble in cold nlcohol. less readily in chloroform 
or acetone, and sparingly in ether. It is non- 
fluorrsccnt, and does not give a coloration 
with bromine water nnd ammonia. The hydro- 
chloride crystalli-cs from 50% nlcohol in rosettes 
of needles which are not anhydrous, ns stated by 
Henry and Solomon (f.r.), but contain 1 H.O ; 
the anhydrous salt melts at 232', and has fa] n 
+ 194° in water. The dihydrachloride is 
sparingly soluble in dilute hydrochloric acid. 
For other salts and for the ethyl ether of hydro- 
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cupreidine, see Heidelberger and Jacobs (fe.), 
and for other homologous alkyl ethers, tie 
Ghosh and Chatter] tc (J. Indian Chem. Soc. 
1931, 8. 237 ; 1932. 9, 83 ; Buttle, Henry, 
Solomon, Trevan and Gibb3, Biochem. J. 1933, 
32,52). 

Hydroquinine, C«H H OjN r accompanies 
qulmno in cinchona barks and in commercial 
quinine sulphate. It was first isolated by Hesse 
(Ber. 1882, 15, 856 ; Anaalen, 1SS7, 241, 257, 
2S6) from quinine sulphate mother-liquors, by 
taking advantage of the fact that hydroquinine 
acid sulphate, B H,S0 4 , or hydroquinine 
dihydrobrormde, B 2HBr, is more soluble m 
water than the corresponding quinine salt. 
Quinine can in this way be completely freed from 
hydroquinine, but the latter can only be pre- 
pared in the pure state by oxidising with 
potassium permanganate the mixture of quinine 
and hydroquinine obtained in the mother 
liquors ; the quinine becomes oxidised to the 
alkali soluble quitemne, and tbe hydroquinine, 
being left largely unattacked, can then be 
readily isolated. It is, however, best prepared 
by the catalytic hydrogenation of quinine, from 
which it differs only in that it has an ethyl side- 
chain in place of the xinyl group of the latter 
This process has in the last decade or two 
acquired much technical importance, partly 
Lccau'o of the demand for hydroquinine itself as 
a therapeutic agent, and partly because it con- 
stitutes tbo starting material for the manu- 
facture of the hydrocuprcine ethers (“ optochin,” 
“ vtizin ") Early examples of such catalytic 
processes con bo found in the following patents : 
Or 234137/1911. 252136/1912, 267300/1913} 
B.l' 3948/1912. For details of processes, tee 
Catalysis ct Industrial Chemistry, Vol. II, 

\ P 422 

J Hydroquinine base is precipitated by sodium 
hydroxide solution from aqueous solutions of its 
salts, when it separates in amorphous flakes 
which gradually become crystalline and contain 
2H,0. This form turns to a soft rubbery mass 
below 100", but the anhydrous form, which 
* ry stnlhws from ether or benrene, melts at 
1723* (Lonz, Z anal Chem 1888, 27, 6C1) 
and has [a)p —142 2* (e=2 4 m 03% alcohol) 
(Ilesse), or —233 7® (c*»0 815, i e. an Jf/40 
solution in 01.Y-H,SO 4 ) (Buttle, Henry and 
Trevan, Biochem. J. 1034, 28, 430) It is readily 
soluble m most organic solvents, including ether, 
but not in water or alkalis ; it nevertheless 
dissolves appreciably in ammonia solution 
Hydroquinine is fluorescent in diluto sulphuric 
acid solution, and gives the thalleioqum reaction 
It is relatively stable towards permanganate, 
but is oxidised by chromio acid to quinmic acid 
(q r. under Quinine) and cincholoipon (7 r under I 
Hydrocinchomnc). On melting ita acid aul 
phatr, or on boiling with dilute acetic acid, it 
is transformed to hydroqumotoxine (e. infra) 
With strong mineral acids (HCI. HBr, HI, 
H,S0 4 ) or aluminium chloride it undergoes 
demethy lation {ate ‘‘Jlydrocupmne” below), 
but not isomerisation. Ily droquinme is bitter j 
to the taste, and is equal or superior in s 
malarial activity to quinine. 

Hydroquinine Hydrochloride, 8 HCI.2H.O, 
crystallines from water in prism*. lb< 


anhydrous salt melts at 20C*-20S°, and has Jaj^ 1 
—123 9® (e=l-113 in water). It also crystallises 
from a mixture of acetone and ether with 0 5H,0. 
It is readily soluble in water, alcohol or acetone, 
but not in ether (Hesse, Annalcn, 18S7, 241, 
264 ; Heidelberger and Jacobs, J. Amer. Chem. 
Soc 1919,41,820) 

Hydroquinine Sulphate, B, H,S0 4 , crystallises 
from water in needles containing 6H,0 when 
stable, but probably with 8H.O at first. Tbe 
salt is soluble in 343 parts of cold water, and when 
anhydrous re-absorbs 4 or 6H t O on exposure. 
The acid sulphate, B-HjS 0 4 . crystallises with 
3H,0 and is extremely soluble in water. Tho 
dthydrobromidt crystallises with 3H t O, and the 

ihydrous 6alt has [a]},* —152 5° in water. 
Many other salts of hydroquinine are known. 
It forma loose compounds with several other 
cinchona alkaloids and also with anethole; it 
forms an amorphous acetyl- derivative, a 
crystalline benzoyl- derivative (ra p. 102®-107®), 
and a methiodide. 

Hydroqumotoxme (hytlroquinicine), 

CHjO — C t H 4 N — CO — CHj — CH a — C S H,N — C,H,, 

is prepared from hydroquinine cither by heating 
the acid sulphate at 140° (Hesse, Annalcn, 18S7, 
241, 273) or by boding in dilute acetic acid 
(Rabe, Ber 1912, 45, 2927, Kaufmann and 
Huber, 16 id. 1913, 46, 2921 ; Heidelberger and 
Jacobs, J. Amer Chem. Soc. 1922, 44, 1092) 
It baa been synthesised by Rabe and his co- 
workers (Ber. 1931, 64, 2497; tee also Rabo 
and Kintller, i&td. 1919, 52, 1842). It is a yellow 
varnish, (a]” —17® (c=3 in water with 3HCI), 
easily soluble in alcohol, ether, or chloroform. 
Ita solution in dilute sulphuric acid is 3 ellow, but 
non fluorescent, and it gives the thalleioqum 
reaction The sulphate, B, H,S0 4 , crystallises 
from a mixture or aqueous alcohol and 
acetone with 3H 4 0 ; tbe anhydrous salt has 
mp. 174®-1“6®, M”* —8 3° (c=Q963 « 
water) Oxalic acid precipitates an amorphous 
oxalate, which is soluble in chloroform (distinc- 
tion from quinotoxine) ; the dibenzoyllarlralt 
melts at 170*. 

epiHydroquinine, CjoH.jOjN,. is epimeric 
with hydroquinine about the c&rbmol (CH OH) 
group. It can bo prepared either from 
hydroquinine by epimerisation with amyl 
alcoholic potassium hydroxide, or from hydro* 
quinonc by catalytic reduction, or by the cata- 
lytic hydrogenation of epiqumine. _ In the 
first two cases there is formed a mixture of 
hydroquinine, hydroqumidine, epihydroqumme 
and epi hydroqumidine. The first tw o naturally 
occurring alkaloid* ore remov ed as neutral and 
acid tartrate respectiv ely j the two cpi- bases are 
then separated as neutral dibenzoyltartntra 
from benzene. The epihydroqummc so obtained 
from the more sparingly soluble component is 
finally purified by reery sta!h«ation of it* hydro- 
chloride from acetone. Attempts to crystallise 
the base have so far faded ; it is a v isroin oil, 
[.g +32® (c=0 95 In alcohol), readily soluble In 
organic solvents, and showing a strong blue 
fluorescence in sulphuric acid solution. Tbo 
dibenzoy llartrate, m p. 151® crystallises from 
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acetone, nnd is sparingly soluble in water, 
lienzcnc, light petroleum or ether readily so in 
alcohol or chloroform (Rabe and co-workers, 
Annalcn, 1032, 492, 253, 25G, 257, 2G0). 
Ilydroquininonc, 

CH s O— C b H;,N— CO— C 7 H„— Cj.Hj, 

was first prepared by Irschick (Dissertation, 
Jena, 1013) by the gentle oxidation of hydro- 
quinine with chromic acid. It is best prepared 
indirectly from hydroquinotoxine. By liro- 
minating in hydrobromic arid solution tho C- 
bromotoxino is obtained, which, on treatment 
with sodium cthoxido in alcoholic solution, gives 
rise to the desired ketone (Kaufmann and 
Huber, Bcr. 1013, 46, 2022). It has been 
synthesised by Rabo and his co-workers (Bcr. 
1031, 64, 2497 ; tee also Rabo and Kindler, ibid. 
1919, 52, 1845). Hydroquininono crystallises 
from ether in yellowish needles or leaflets, 
m.p. 09°; it shows mutarotation : [a] D (final 
value) +73-15° (c— 1-784 in alcohol) (Kaufmann 
and Huber; Rabo and Kindler; Irschick’s 
ketone, prepared by direct oxidation, and Rabe’s 
synthetic ketono have lower rotations, +G5-0° 
and +08-8° respectively). The picratc melts at 
221 ° 

Hydroquinine Chloride, 

CH a O — C 0 H S N — CHCI — CjH n N — C.H t , 

is prepared by tho action of phosphorus penta- 
chloride on dry hydroquinino dihydrochloride 
dissolved in cold cliloroform (Heidclberger and 
Jacobs, J. Amer. Chcm. Soc. 1920, 42, 1491 ; 
Gicmsa and Halbcrkann, Bcr. 1921, 54, [B], 
1101). It crystallises from diluto nlcohol or 
from petroleum spirit (b.p. 80 °-90°) in cream- 
coloured rhombs, m.p. 144°, [a]p 5 +42-1° (e = 
1-305 in ulr.ohol) or +43° (e=3-013G in alcohol). 
Hydroquinino chlorido is readily soluble in 
alcohol, acetone, chloroform, or benzene, less 
readily in other, fairly solublo in boiling 
but wry sparingly solublo in cold petroleum 
spirit. It is a light-sensitive substanco which 
gives the thnlleioquin reaction. Aqueous 
acid solutions are yellow, but non-fluoresccnt. 
The hydrochloride, B-HCI, m.p. 232°-233°, 
—2-9° (c — 1-197 in water) crystallises from 
50% alcohol, and is somewhat sparingly soluble 
in water or nlcohol. 

Detoryhydroqn i nine, 

CH 3 0— C,H 5 N— CH 2 — C,H U N— C.Hj, 

is obtained by reducing hydroquinino chloride 
with iron in dilute sulphurio acid solution 
(Hcidclliergcr and Jacobs, J. Araer. Chcm. Soc. 

1920, 42, 1492 ; Gicmsa and Halbcrkann, Ber. 

1921, 54, 119S), or in the same manner from rpi- 

bjdroqiiininc chlorido (Rnbe and others, 
Annalcn, 1932, 492, 25S). Dcsoxyhydro- 

quinine crystallises from aqueous acetone in 
colourless, silky needles which contain 3H.O 
and melt at G9°, solidify on further heating, 
and melt again at 95°. Tho 3H.O is readily- 
lost in a desiccator ; the nnliydrous base is oily, 
ab*orbi 2H t O from tho nir, and in doing so 
crystallises. The trihydrntc has {a+‘ —77-5° 
(e- 1-241 in alcohol) and is readily soluble in 


organic solvents ; it gives the thallcioquin and 
fluorescence tests. The hydrochloride, B-HCI, 
crystallises from acetone in anhydrous needles, 
m.p. 179°-180°, [a]^ 5 —6-8° (e=l-034 in water). 
The salt dissolves readily in water, nlcohol, 
methyl alcohol, chloroform, or hot acctono or 
benzene, but sparingly in cold acetone or benzene. 

Hydroquincne, 

CHjO — C S H S N — CH=C <C c H 10 N— C„H 5 , 

is prepared by boiling hydroquinino chlorido 
with alcoholic potassium hydroxide (Gicmsa and 
Halbcrkann, Ber. 1921,54, [B], 1194). It crystal- 
lises from a mixture of ether and light petroleum 
in colourless rosettes of coffin-shaped needles, 
and on recrystallisation from diluto alcohol or 
acetone, separates with 2H a O. The anhydrous 
substanco melts at 78°-79°, and has [a%° 
+ 29-5° (c=2-678 in alcohol). It is readily 
solublo in tbo usual organic solvents, except in 
light petroleum. Hydroquincne gives tho 
thallcioquin test, fluoresces in dilute nitric acid 
solution, and is instantly attacked by' potassium 
permanganate. Tbo hydrochloride melts at 
209°. 

IJydrocuprcine, is prepared by 

demctbylating hydroquinino with hot hydro- 
chloric (Hesse, Annalcn, 1887, 241, 280), hydro- 
bromic (Heidclberger and Jacobs, J. Amer. 
Chcm. Soc. 1919, 41, 821), or hydriodic acid 
(Pum, Monatsh. 1895, 16, 73), with aluminium 
chloride in nitrobenzene solution (Obcrlin, Arch. 
Pharm. 1927, 265, 270), or with concentrated 
sulphuric acid, when a sulphonic acid is formed 
which is hydrolysed by boiling with diluto 
hydrochloric or sulphuric acid (Gicmsa and 
Bonatli, Bcr. 1925, 58, [B], 89, 92). It can also 
bo obtained by tho catalytic hydrogenation of 
cupreine (Gicmsa and Halbcrkann, ibid. 1918, 
51, 1328), but best, pcrhnps, by boiling hydro- 
quinino with G0% sulphuric acid. Apart from 
dcmethylation, no change takes place, for hydro- 
quinino is regenerated when hydrocupreinc is 
methylated by means of diazomethanc (Obcrlin.) 

Hydrocuprcino is precipitated by means of 
ammonia as a micro-crystalline powder contain- 
ing 2H,0, but crystallises (if pure) from alcohol, 
dilute alcohol, or from a mixture of chloroform 
and benzene in the anhydrous condition. From 
benzene alone it separates ns a jelly. It becomes 
amorphous on heating below its melting-point, 
and this accounts for a divergence among tho 
published figures ; Hesseand Pum give m.p. 170°; 
Gicmsa nnd Halbcrkann record 204°, while 
Gicmsa nnd Bonath, seven years later, record 
18G°; according to Heidclberger nnd Jacobs 
hydrocupreinc becomes a glnssy mass filled with 
bubbles of gas at 185°— 190', nnd this docs not 
become completely liquid until 230°. The specific 
rotation of hydrocuprcino in nlcohol is given 
variously between the extremes — 14S-7° 
(Heidclberger nnd Jacobs) nnd —159-2° (Gicmsa 
and Bonath). Hydrocupreinc is readily soluble 
in alcohol or chloroform, nnd ns a phenol 
dissolves freely in caustic alkalis. It is sparincty 
soluble in ether or ethyl acetate, almost in- 
soluble in light petroleum or -water, nnd dissolves 
with difficulty in ammonia solution. llydro- 
cuprcine is non-fluoresceni and docs not give 
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the tballrioquw reaction although Hess© claims 
to have obtained the preen colour by using 
bleaching powder. Aqueous solutions of the 
neutral salts, hie those of cupreine, are of an 
intense'}* yellow colour, which is immediately 
discharged on the addition of mineral acids. 
Ifydroevprtine hydrochloride (B HCl) crystal- 
lises from water acidified with hydrochloric 
acid in anhydrous needles, dicomp. 255®-2fet>®, 
melting at the latter temperature, [a]^ s 
—13d 3’ (<=0 945 in alcohol), it is sparingly 
soluble in w atcr, acetone, or chloroform, readily 
di-<~oIres in alcohol and very readily in methjl 
alcohol. The dthydroehlonde . B2HCI.H,0, 
melts at 224* The neutral nlphate. B s H t SO,. 
w anhydrous and \evy sparingly soluble in water 
or in alcohol. The urW sulphate , B H,S0 4 , 
separates with 4H,0 . the anh}drous salt, m p 
£(*3’, reabsorbs IH,0 on exposure The 
tartrate , B } C,H t O,.2HjO, melts at 242°. 
Other salts prepared include the dili}dro 
bromide and acid nitrate. 

Hydrocupmnc pin n*e to a tonne, hjdro. 
cupmnotoxinc (hydrocuprrmne), in the 
ordinary way, but a number of derivatives such 
as by drocupreme bromide and dcsovv h} dro 
cupreine hare been obtained by drmetfiylating 
the corresponding bydroqurainc'dcnv a tires. As 
a phenol, hr drocupreme, jn common with 
cnpteinc. couples with iliazonium solutions, 
giving nso to an interesting scries of d>cs. 

A considerable amount of attention has been 
gisen to the alkyl ethers of h> drocupreme and 
h}droeuprcmotoxine since the di«eorer} of their 
stnhmg bactericidal action by Morgen rot h and 
collaborators, who investigated the complete 
sene* from ethyl torct>J(C. t ) Those interested 
in the results of these biological investigations 
} and their possible therapeutic application should 
f con«wlt The Therapeutic Agenta of the 
Quinoline Croup " b> ron Gottingen (Chemical 
Catalog Co Inc. New York. 1031). ‘ Handbuch 
der Chemothcrapie ” by iischl and bcbloss 
liergcr (Fiseliera Medirroisrho Buchhandlunp, 
Iyijiig. 1032) and * Decent Advances in 
Chrmotherap} 'by Findlay (J and A Churchill, 
Ixindon, 1930) lor the preparation of some of 
these substances, see Icrcimgtc Chimnfabnken, 
Zimmer A Co. C.mbll, Cl* 234712, 1912, 
-1Ail4Q'L92.l , Girqim. awl. UalhctLann., Ifcr 
1918. 51, 1332 , Hcidelberger and Jacobs, 
J Amcr Clirm hoe 1919, 41, t>21, 1922, 44, 
1097, Slotta and Bchmsch. Ber 1933, 66, 
[II], 3C0, and for the entire senes up to C u , j 
tee Buttle. Henry , Solomon, Trcvan and Gibbs, 
Bioehem. J 1918, 32, 51. Among the Utter 
known products aro Ihydroeuprcine 

dihydroehlondc (“ eurupin *'). «e-octy [hy dro- 
rnpreine dihydrochVindo (“* min' ) and ethyl 
hylroeuprtinc hydrothlonde (** ©ptochin ”), 


C,H_0— CjHjN— CH(OH)— C,H U N— C,H t HO, 
which is reeogniseil in tho " I nited States 
l'harmacojKtia," M. The salt readilv crystal 
Il-s-s from n mixture of aettono and ether, m p. 
232"-25l\ [a]^ 1 -123 6* (e-O-859 m water). It 
is md dy soluble* in water or alcohol The ba»c 
on the market u also amorphous, but his licen 
obtained erystiliuio from toluene ; the an- 


hydrous base has m p. 1 23®-l2S® and fal„ 
-136 2° (e= 1-003 in alcohol) 0 

Javanine. of undetermined composition, was 
isolated by Hesso (Ber. 1877, 10, 2162) from the 
bark of Cinchona Cohsaya var. Jamaica. It 
crystallises from water in rhombic leaflets, is 
readily soluble m ether, forms a crystalline 
oxalate, and dissolves in dilute sulphunc acid 
with an intensely' yellow colour. 

.VipudiM — See under Qumidine. 

Pan cine. C, 8 H,i,ON.. was discovered by 
Wmckler (Jahresberieht. 1845. 27, 338) in the 
barks of Buena hezandra and Cinchona fa tea. 
Later. Hesse found it in C. sued rubra of Darjeel- 
ing (Pharm J. 1870, 1, 344 ; Annalcn, 1873, 
166. 263) It is an amorphous, yellow powder, 
mp 116", soluble in water, alcohol, ether or 
light petroleum Its salts are also amorphous, 
and its nitrate is insoluble 

Quinamme, C,,H m O,N ,, was isolated from 
the bark of Cinchona suecmihra br Hesse (Ber 
1872. 5. 265 , tee also ibid. 1877, 10, 2157; 
Annalen. 1873, 166, 2CC , 1881, 207, 2SS). 
It occurs only in small quantities, but is widely 
distributed, one of the richest sources being 
Cinchona ledgeriana Oudcmans (Annalcn, 
1879, 197. 49) found that the total 8lkalout9 of 
C succraibra contained 4 5% of qumamme. 
It is best isolated from quimno sulphate 
mother liquors (see foregoing references and da 
Ynj, Pharm J 1874, 4, C09 . Howard, »M 
1 875, 5, 1 ) by removing quinine and cinehonidme 
as tartrates, and cinchonine as thiocyanate 
The qmnaminc crystallises from a solution of the 
residual bases m 80% alcohol, or may Lie punfied 
by crystallisation of tho nitrate. The base 
crystallises in long, anhydrous needles, mp. 
172°, fa]},* +93 4® (c=2 in chloroform), or 
+ 1W j e in alcohol It is almost insoluble in 
water, sparingly 60 in alcohol, and fairly soluble 
in ether, it gives n ncli yellow coloration with 
concentrated sulphuric acid m the presence of a 
little nitric and , on diluting with water, the 
colour changes through purple to pink. Quin- 
amine is a monoacidic base, and ita acid salts are 
amorphoua ; the neutral salts, of which a fairly 
large number have been prepared, crystalline 
well. It contains no methowl group, u readily 
oxidised, and is scry unstable towards acid*, a 
variety of products being formed (flew, 
Annalen, 1831, 207. 292 ft eeq ). I cry' 
treatment, such as boiling with 1% sulphunc 
acid, or even standing at the ordinary tempera- 
ture in 13% hydrochloric acid, nutticcs to »•*<>- 
mm*c qmnaminc to quinnmi'line (m p fll’j 
(ajp +4 5® in alcohol). This is l-eat prrpvml 
(iW 299) by heating quinaminc with 5 parts of 
10% tartaric acul solution for 2 hours To 
pether with qmnamidinc is always formed in 
smaller amount another isomcride, quinaisietse 
(mp 109’. (a] n +3 8® in alcohol), which H 
obtained al-*o from conquinanuno ( 71 .). hut in 
greatest amount when an alcoholic solution 01 
quinammc acid sulphate containing a blue 
glyrtrol is e\ a jorated at CO -80®, and the residue 
heated at 100 ° for severs I minutes (idem, ib>d.2ta) 
if the residue is hcatrd at 12U -IS'*’ w>t‘ad 01 
at 1 0n’, an amorphous substance pro/o»|uinaini- 
tine, CjjHjjOjN,, is formed (id'in, 1 bid. 39j) 
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When boiled with hydrochloric ncid (6p.gr. 
1 • 1 25) or with 25% sulphuric ncid for 3 minutes, 
qtiinaminc is dehydrated to apoquinamtne 
(CjjH.jONj, idem, ibid. 294) (m.p. 114°; base 
optically inactive, hydrochloride, 

B-HCl,4H.O, 

lrcvorotatory). apoQuinnminc is formed in the 
same way also from quinamicinc or conquinamino 
(q.v.), Qninnminc and apoquinamine give rise to 
one and the same acetyl-derivative, which on 
hydrolysis furnishes the latter bnsc. On heating 
at 1-JO 0 with hydrochloric ncid saturated at 
— 17° quinamino is converted into a rubbery 
mass, which is insoluble in dilute acids, or in 
ordinary organic solvents. 

Quinctum. — This nnmo was used by dc Vrij 
to describe tho total alkaloids of C. succirubra, 
which in tho early days of cinchona-planting he 
recommended ns tho most economical method of 
utilising cinchona nlknloids. The preparation 
was nlso known ns “ cinchona febrifuge.” 
When Cinchona succirubra was supplanted by’ 
species yielding bark richer in quinine, it became 
difficult to supply’ “ quinctum ” nnd tho demand 
was met in two different ways. Tho residues of 
tho totnl nlknloids of “ factory bark,” after the 
removal of quinine, were made into a quinctum 
substitute by the return of some quinine nnd 
the product was known ns “ cinchona febrifuge." 
Its variability in composition has frequently- 
been commented upon (see, for example, 
Longue of Nations, Health Section, C.H. 
Mnlnrin/158, Geneva 14/4/1031 ,- Howard, Trans. 
Hoy. Soc. Trap. Med. Hyg. 1920, 18, 358; 
Goodeon nnd Henry, Qunrt. J. Phnrm. 1930, 3, 
238) and it is dcsirablo that it should bo replaced 
by n standardised preparation such as (ofnquina 
(p. 132). 

Cinchona febrifuge wns sold principally to 
indigent natives’ in tropical countries. There 
wns also n certain demand for quinctum in 
Kuroj)e, nnd under the new conditions this 
demand wns met by mixtures of the crystalline 
alkaloids of cinchona, but ns there wns no 
standard this product was also variable (Lenguo 
of Nations, Health Section, l.c., 15-18), nnd the 
Malaria Commission of tho Lenguo of Nations 
proposed in 1931 that tho name quinctum should 
be restricted to n mixture in equal parts of 
quinine, cinchonine, nnd cinrhonidinc. This 
standard is recognised in the “British Plmrmn- 
ceuticnl Codex,” 1931, which requires that quinc- 
tum shall contain not less than G0% of quinino 
nnd cinrhonidinc ns determined bv the “ British 
l'lmrmaeopoem ” method for totaquinn (see 
p. 132). Tiic loss in drying is not to exceed 5%, 
nnd the nidi must lie 1% orie.-s. 

Qulnicine . — See Quinotoxino, under Quinine. 

Quinidinc (eonquininc), C.oH^O.N.. is a 
naturally occurring dextrorotatory “stcreoiso. 
turride of quinine, nnd is stercochemicnlly 
identical uith cinchonine, except that it con- 
tains a methoxyl group in the 9-position of the 
quinoline nucleus. K is found in small quantity 
in im*»t cinchona barks, lint especially in O'. 
jnfnyrno*, ('. itniyybilifrJia. -iid C. Calirti/tt. 
Qitinidine is now extracted on n commercial 
scilc, but at one time it was said to be pro- 
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cipitatcd together with the amorphous alkaloids 
in the “ tails ” of quinine manufacture, nnd so 
passed into tho agglomeration of alkaloids 
termed by Sertiimer “ quinoidinc ” (1828). 
It was from this source that Henry’ nnd Delondro 
(1833) prepared an alkaloid which they’ termed 
“quinidinc,” while Van Heyningen (1849) nlso 
isolated a crystalline alkaloid, isomeric with 
quinine, but called it “ /3-quinine,” for Winckler 
(1847) had in the meantime used tho name 
“ quinidinc ” for another alkaloid. Pasteur 
(1853) renamed Wincklcr’s alkaloid “ cin- 
chonidinc ” (the name which it now bears, q.v.), 
nnd reverted to Henry nnd Delondre’s original 
name for tho alkaloid hero in question, which ho 
isolated also from commercial cinchonine, nnd 
which do Vrij (1857) showed to be identical with 
Vnn Heyningen's /1-quinine. To avoid confusion 
with Wincklcr’s alkaloid (cinchonidine), Hesso 
(1865) proposed for the quinidinc, now of un- 
ambiguous identity, tho name “ eonquininc,” a. 
name much used in Germany but not elsewhere. 
Tho alkaloid is now almost everywhere known as 
quinidino. 

Qtiinidine is prepared from quinine sulphate 
mother-liquors, from which, on adding caustic 
soda, it passes together with cinchonidine into 
ether. Tho cinchonidine is removed as tartrate, 
and tho quinidinc isolated ns hydriodidc. It is 
the least soluble of tho cinchonn hydriodides. 
The base is finally recovered, nnd recrystalliscd 
from alcohol. Quinidinc so prepared contains 
large amounts ( c.g . 30%) of hydroquinidino which 
can be removed either by Thron nnd Dirschcrl's 
mercuric acetate process (Annnlen, 1935, 515, 
252), or by fractional recrystnllisation of tho 
dihydrochlorido from water (Buttle, Henry and 
Trevnn, Biochem. J. 1934. 28, 434). 

According to Hesse (Bcr. 1877, 10, 2154; 
cf. Mylius, ibid. 188G, 19, 1773) quinidino 
crystallises from dilute alcohol in prisms con- 
taining 2-5H.O (losing 0-5H„O on exposure); 
from absolute nleohol it separates with 1 EtOH ; 
from ordinary ether in rhombohedrn containing 
2H : 0 ; from absolute ether with JEt„0; 
from boiling water in leaflets with 1-5H.O; 
nnd from benzene it crystallises in anhydrous 
needles, m.p. 172°. The quinidinc of tho “British 
Pharmaceutical Codex,” 1934, 872, contains 
2H,0 nnd melts at about 1GS°. The published 
rotations of quinidinc aro: + 2G2° (c=2 in 
alcohol) (Hille, Arch. Phnrm. 1903, 241, 77); 
+ 250° (c=3-2 in alcohol) (Oudemnns, Annnlen, 
1S7G, 182, 45); +243-5° (c— 0-77 in alcohol) 
(Babe, ibid. 1910, 373, 100); +230° (e^l-8 in 
chloroform) (Hesse, ibid. 1875, 176, 224) and 
+334-2° (e— 0 S1, i.r. an M /-1 0 solution in 0-1 .V- 
H.SO,) (Butllo rt al. I.r.). For other rotations, 
see Oudemnns [l.c.) nnd Lena (Z. anal. Chem. 
1SSS, 27, 571). Quinidinc is not very readily 
soluble in any one organic solvent ; it dissolve’s 
best in alcohol, but is soluble also in ether, 
chloroform. Ixmzeno or ethyl acetate : it is 
nimost insoluble in cold water, but db-olves 
in 750 parts of boiling water. It gives the 
thallcioquin reaction, nnd exhibits’ a blue 
fluorescence in dilute sulphuric acid. Quinidino 
closely resembles quinine both in chemical and 
pharmacological properties ; both yield the 
same toxine, quinone, quininic acid, and 
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meroquinene ; on oxidation with potassium 
permanganate it gives rise to quitenidine 
(fee belour) and on catalytic hydrogenation 
to hydroquinidine (g r.J- On heating with 
m i n eral acids it undergoes various changes, w a- 
and upcqninidme and their cogeners being 
formed (fee belotc). Quinidine is not greatly 
inferior to quinine in antimahmal efficacy. It 
has been recommended for use in place of the 
lievorotatory quinine in cases of “quinine 
idiosyncrasy " 

QuinidineHydrochlonde, B H Cl, crystallises in 
asbestos like prisms containing 1H t O (Hesse, 
Annalen, 1868, 146, 362; 1875, 176, 225). [a],, 
+203 8° (4 92Sc in water), +212° (2 562c m 
97% alcohol) The anhydrous salt melts at 258®- 
259“. It is readily soluble in alcohol or hot 
water, but only m 62 5 parts of water at 10°. 
It dissolves also in chloroform, but is almost 
insoluble in ether. 

Qumidine Sulphate , B, H,S0 4 . crystallises 
from hot water in pnsms with 2H,0 (Hesse, 
Annalen. 1868, 146. 364; 1875, 176, 226; 1876, 
182, 14 [j. It is described m " British Pharma- 
copeia,” 1932, 364, as colourless, needle-like 
crystals. It has [o] D +179 5° (e=l m water), 
+211-5“ (e—2 in alcohol), or +184 2° (e=3 of 
anhydrous salt in chloroform). It is soluble in 
about 100 parts of cold water, 7 parts of boiling 
water, 10 parts of alcohol or 20 of chloroform 
It is almost insoluble in ether. The anhydrous 
salt reabsorbs 2H,0 on exposure and is light 
sensitive The acid sulphate is readily soluble 
in water 

Qumidine Hydnodide. B HI, is precipitated 
as a crystalline powder when a solution of a 
qumidine salt is treated with potassium iodide. 
It is used for the isolation and estimation of 
qumidine, being very sparingly soluble in cold 
water (I in about 1,250) and also in alcohol or 
boiling water. 

The neutral tartroie, B, CiHjO^HjO, dis- 
solves in about 40 parts of water, the and tartrate 
B C,H,0,,3H J 0 (ra p 100®) m 400 parts. 

Quinidine Melhwdtde, 

CH,0 C,MjN CK(OH) ^HjjNtCH.l) CH CH,. 

is formed from the components in the cold, or 
more readily on boiling in alcoholic solution in 
the dark. It crystallises in colourless needles 
with 1 H,0, and is readily soluble in alcohol or 
boiling water, bat sparingly so in cold water. 
The anhydrous methiodido has m.p. 248° (Claus, 
Annalen, 1892, 269, 232). The anhydrous 
ethiodide is similar and has the same m.p. The 
dimtlhiodide, 

CH,0-C 1 H,N(CH,l>-CH(OH)-C I H n N(CH i t)-CH-CH, 

crystallise* in yellow rhombic plates with 
T5H t O, ra p. 156®. It is more readily soluble 
in water, but less readily so in alcohol than the 
monomethiodide. 

Aettylqumidine, 

CH,0-C,H 1 N-CH(0-C0-CHd-C,H u N-CH - CH, , 
is formed on warming qumidine with acetic 
anhydride at C0“-80®. It is an amorphous 
powder readily soluble in ether (Hesse, Annalen, 
1880, 205, 318). 


ALKALOIDS. 

a-Chlorohydroquinidine, 

CH,0 — C,H,N— CH (O H) — C, H ( ,N — CHCt — CH,, 
is isolated as the dihydrohromide from ths 
products of the reaction of concentrated hydro- 
chloric acid and quinidine (Goodson, J.C.S. 
1935, 1097). The base crystallises in needle* 
with 2H,0 from 70% alcohol. The anhjdronj 
base has m p. 206®, decamp. 225®, [a]^‘ +2703° 
(c=0-5 m jV-HCI). The dihydrohromide ha* 
m p. 253®, [a]„ +200° in water. 

The mother hquora from the crude dihydro, 
bromide contain a'-chlorohydroqvinidine, isolated 
as the neutral tartrate. The base crystallises 
from dilute alcohol in needles with 3H.O, 
The anhydrous base has m p. 200°, decamp. 229°, 
W” +240-7° (e=0-5 in AT-HCI). The tartrate, 
B, C t H,0,,11 H,0, crystallises from 30% 
alcohol, and when dried sinters at 152° and froths 
at 196“ (Goodson, Le.). 

lodohydroqumidme, better iododihydroquini- 
dme (hydroiodoquimdine), 

CH,0 — C,H,N — CH f O H ) — C,H,^N — C H I — CH, 
The dihydriodide, B 2H I (known m the early 
literature as “ tnhydnodoquinidine ") is formed 
when qumidine is warmed with hydriodic acid 
(Schubert and Skraup), Monatah. 1891, 12, 
669; Lippmann and Fleissner, i bid. 1892, 13. 
433), and has m p. 230°. The base bberated by 
means of ammonia crystallises from alcohol in 
pnsms, and haa m.p. 205“-206°. 

a-isoQuinidine, 

CH,0 — C,H,N — CH(O)— -CjHjjN— CH— £H,, 

is formed when quinidine is warmed with strong 
hydrobromic or hydrochloric acid for 50 hour*, 
and the product boded with alcohoho potash 
(Domafiski and Snaiko. Bull. Acad. Polonaise, 
A. 1933, 119). It separates from aqueous 
acetone with 1H,0 and melts at about 60° . 
The anhydrous base (from dry acetone) melts at 
133® and haa (a] D +111° in alcohol. It gives 
the fluorescence and thalleioqnin testa, and on 
beating with sulphuric acid gives rise to P wo- 
qumidme. The hydrochloride has m p. 224*. 

0-lsoQuinkfine, woopoquinidine [ft iwcupre- 
idine) methyl ether, is a stercoisoraende of the 
preceding substance, and is formed when quini- 
dine, n-iso- or y-iaoquimdine is heated with 
moderately concentrated sulphuric arid or by 
methylating taoapoquinidine (fi iaocapreidine) 
(Pfannl, Monatah. 1911, 32. 241 ; Panetb. 
ibid. 257 ; Konopnieki and Suszko, Bull. Acad. 
Polonaise, A. 1929, 340 ; Henry, Solomon and 
Cibbe, J.C.S. 1935, 966). It crystallises from 
moist ether or from dilute alcohol with 3H,0, 
m.p. 72®. The anhydrous base has m.p. 142°. 
Md -9 7° in alcohol, or +29® in 0 dN-H,SO»- 
The neutral eulphale, B,-H,S 04 . 7 H, 0 . has 
[“Id ~-47-l° in water (when dehydrated) (Henry 
ti al ), or -35 5® (as hydrate) Pfannl). 

y-uoQuinu/ine is a stereoisomeride of the two 
preceding substances, and is formed along with 
a laoquinidine and with niqmdine when quinidine 
is warmed with strong hydrobromic or hydro- 
chloric acid for 50 hours, and the product bouro 
With alcoholic potash (Domahski and Sus**o» 
Itec. trar. cbim. 1035, 54. 481). It crystallise* 
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from aqueous neetonc with 2H 2 0, m p. about 
70°. The anhydrous base, ■which cannot be 
crystallised, has [a] D +51-1° in alcohol. The 
acid nitrato has m.p. 190° and the liydnodide, 
m.p. 1 SOM 83°. 

JMelhylapoqu r ii idinc, 

CHjO — CjH s N — CH(OH) — C S H I0 N> C - CH— CH 3 . 

an ifiomcride of the preceding three substances, 
is formed together with /?-i«oquinidino w hen quin.- 
dmc is heated with 60% sulphuric acid, or by 
methylating apoquinidine (Henry, Solomon and 
Gibbs, J.CS. 1933, 906). It separates from 
ether or alcohol m anhydrous crystals, m.p. 183°, 
[a]}? +278° in 01A r -H,SO 4 , or +193 2° in 
alcohol. From aqueous acetone it crystallises 
with 1 JH 2 0,m p about 90°. The hydrochloride 
B-HCl.HjO, crystallises from water or alcohol , 
the anhydrous salt has m.p. 267°, [a] D +174 7° 
in water. The geometrical isomende of this 
substance, neoisofltmiidine, crystallises from 
ether with 2H,0 ; it has m p. 83°, and [o] n 
+ 198 0° in dil. H 2 S0 4 or +98 7° in alcohol 
(Henry, Solomon and Gibbs, ibid 1937, 690). 

Niquidine (Domaiiski and Suszho, Bull. Acad. 
1’olonmse, A. 1933, 467) is claimed to be 
isomeric with qumidinc, and to havo the partial 
structure 

^'^' 7 ^ 10 '^ 

CHjO — C 0 HjN — CH(OH) — CH CH„, 

^NH/ ' 

in which the qumuchdinc bridge has undergone 
rupture. It is also claimed to be an analoguo of 
niquino (tec under Quinine) the composition of 
which is still in dispute Niquidino occurs along 
with o- and y-isoqmnidino when tho halogcno- 
hx droquimdincs are dchnlogcnated w ith alcoholic 
potash. It crystallises from acetone, m.p. 161°, 
Mu +171° in alcohol. Tho acid oxalate has 
m p. 20G°-207° and tho dihydrobromidc, m.p 
250°. It hns a secondary nitrogen atom and 
forms N-acetyl nnd diacetyl dcrixatixcs. 

npo(?«i'ai(h ne, 

HO— C,H e N— CH(OH)— C„H 10 N-C5 CH— CH 3 , 

is one of the phenolic products formed when 
qumidmo is demethylatcd with boding 60% 
sulphuric acid (Henry, Solomon nnd Gibbs, 
J.C S. 1935, 966). It is soluble m sodium 
hydroxide solution, from w Inch it is precipitated 
again by carbon dioxide. It metallises from 
alcohol with 1 EtOH (mp. 1 72°) or from 
acetone with IMc.CO (mp. 178°-1S0°), 
nn ‘l these can only bo remoxed at 150°- 
160°. 3 he anhxdrous base has mp. 183M90 
and [c.) tl +291-4° in dil H 2 S0 4 or +20S6° 
in alcohol (figures calc for anhydrous base from 
UHasureincnts on the nlcoholntc). Tho hydro- 
chloride, B-HCI, which is y cllow in aqueous 
solution, crystallises from alcohol xxith lEtOH 
(nip. 183MS5°) xxlucli is replaced by 2H.O 
on exposure to air (m p 235°), but xxhich is not 
expelled on drying at 120°. The dihxdrnte of 
this salt is nl«o obtained by crystallisation 
from untxr : 1 H { 0 is readily expelled at 120°, 
the other is more tenaciously retained. Hie 
promt trie al isomende of this substance, neoapo- 
Vtiim'diiif, rrystallifes from ether or alcohol, 
rap. 200°, («]„ +206-2° in dii. H 2 S0 4 or 


+ 120 7° in alcohol (Henry, Solomon, and Gibbs, 
i hid. 1937, 595). 

isonpoQuinidine (/l-isocupreidine), 


HO — C S H S N — CH(O) — C 7 H n N — CH — CH 3 , 


is formed along with opoquinidino when quini- 
dine or f) isoqumidine is demethylatcd by boiling 
xxith 60% sulphuric acid (Henry and Solomon, 
J.C.S. 1934, 1923; Ludwiczak and Suszko, 
Bull. Acad. Polonaise, A, 1935, 65). It is a 
phenolic base soluble in alkali, and on methyla- 
tion affords /3-tsoquinidmc. It cry staUises from 
alcohol, has m.p. 245° and [a) D —12 6° in alcohol, 
or +25 6° in 0 lA r -H 2 S0 4 . Tho hydrochloride 
has m.p. 255° and is yelloxv in aqueous solution. 

Apart from apo- and tsoapoquinidinc, Ludwic- 
zakowna, Suszko and Zw ierzchowski (Rec. 
tray. chim. 1933, 52, 847) find also “ cupreidino ” 
among the products obtained by the dcmcthyla- 
tion of “ quinidino ” xxith boding 60% sulphuric 
acid. Tho nexx phenolic base is claimed to bear 
tho same stereo-chemical relation to cupreine 
ns quinidino bears to quinine, i.e. that it is tho 
phenol corresponding to qumidinc, and quinidino 
is said to bo regenerated from it on mcthylu- 
tion. Tho possibility, howox-cr, of such do- 
mcthylation without simultaneous isomerisation 
has been questioned (Henry and Solomon, 
J.CS. 1934, 1923 ; Tliron and Dirscherl, 
Annalcn, 1935, 515, 252), nnd it hns been 
made probable that the Polish workers’ “ cupre- 
ldtnc ” is hydrocuprcidino denx-ed from tho 
hydroquinino which may bo present to tho 
extent of about 20% in commercial quinidino. 

cpiQuinidinc, C 20 H 24 O 2 N 2 , is cpimcno xxith 
qumidinc nbout tho carbinol (CH-OH) group. 
It occurs naturally and can bo isointed from 
" quinoidino ” (tho residues from quinine manu- 
facture) (Dirscherl nnd Tliron, Annalcn, 1935, 
521, 48), but is best obtained by epimerisation of 
quinino or quinidino by boiling with amyl 
alcoholic potassium hydroxido. Tlicro is formed 
a mixture m dy-namic equilibrium of quinine, 
qumidinc, epiquinine, and epiquinidinc. The 
quinine being removed as neutral tartrate, and 
tho quinidino ns acid tartrate, tho txvo cpi-bascs 
aro isolated ns dihydrochloridcs ; the cpi- 
qutnine is then removed ns the sparingly solublo 
dibcnzoyltartratc. The residual cpiqumidino 
dibcnzoyltarlrnte is purified by recry stalhsation. 
Tho base crystalh'cs from ether in glistening 
leaflets, mp. 113°, [a]™ +102-4° (c-0 86-18 in 
alcohol). It is very readily soluble in nlcoliol, 
but less so in ether. It is more strongly fluores- 
cent than cither quimno or quinidme. Tho 
dibcnzoyllnrtrote has m.p. 167°, and the 
dxhydrochloride, m.p. 195M96° (Rabo and 
others, Annalcn, 1932, 492, 252, 258-261). 

Qumidinc Chloride, 


CHjO — C t HjN — CHCI — C,H,jN — CH *.CH t , 

is prepared by treating dry quinidino hydro- 
chloride m chloroform with phosphorus pentn- 
chlondc (Comstock and Koenigs, Bcr. 1883, 18, 
1223 ; Babe, Annalcn, 1910, 373, 104). It 
crystallines from ether or a mixture of ether 
and benzene, m.p. I31°-132°, [a]„ +36 23° 
(c— 1-913 in alcohol). It dissolxea readily in 
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alcohol, benzene or chloroform fairly sparingly 
in dry ether, and Teiy sparingly in light 
petroleum. The hydrochloride (Heidelberger 
and Jacobs. J. Amer. Chem. Soc. 1920. 42. 1501) 
crystallises from a mixture of absolute alcohol 
and a little dry ether m cream-coloured, woolly 
needles, m.p. 199®-20G®, [oj^ +47 7® (e=l 017 in 
water). It is readily soluble in water or methyl 
alcohol, less readily so in chloroform and almost 
insoluble m acetone. 

Deeory quimdine. 


CHjO— C,H S N— CH,— C,H n N— CH = CH, 


is prepared by reducing a dilute sulphuric acid 
soltoion of qmmdine eldonde with iron fihng9 
(Koenigs, Her 1595, 28, 3147 ; Ita.be, Annalcn, 
1910, 373, 107 , Gicmsa and Halberkann, Ber 
1921, 54, 1200) It separates from ether or 
from aqueous acetone or alcohol with 2H t O, 
m p 80®-82°, [oh? for anhydrous base in alcohol 
+211® (Itabe) or +194° (Gicmsa and Halber- 
hann) It shows an intense violet fluorescence 
m tartaric acid os well as in alcohohe solution 
Tho hydrochloride (Heidelbergcr and Jacobs, 
J Amer. Chem. Soc 1920, 42, 1501) crystallises 
from a mixture of alcohol and ether with the 
equivalent ofl H t O. ra p i ndej I25°-145° (dry), 
and [o)o* +82® in water (dry) The salt is 
readily soluble in v ater. alcohol, or chloroform, 
fairly readily in hot acetone and somewhat also 
in benzene Dcsovy quimdine, which closely 
resembles quinenc (? t , under Quinine). « charac- 
terised by tho ready solubility of ita acid 
tartrate 
QuUenidtne, 


tion, estimation, and detection of quinine, u 
well as of the detection of impurities therein, 
the reader is directed to the first three sections of 
this article. 

The quinine of commerce usually contains 
cinch omdine and hydroquunne as impurities. 
These are readily removed by recrystalhsation 
of the sulphate, acid sulphate, dihy drobroraidc, 
d caraphorsulphonate, or d-bromoesmphor- 
sulphonate, or by regeneration of the base from 
the penodide known as ArraywlJtiie (tee Hesse, 
Pharm. J. 1834, 15. 869 ; 1885, 16. 35S, 818; 
18S6, 17, 585, Tut in, « hid. 1909. 83, 600 j 
Emde, Helv. Chim Acta, 1932, 15, 574 ; Buttle, 
Henry, and Trevan, Biochem. J. 1934, 28, 433). 
Hydroquunne may also be removed by the 
mercuric acetate process of Thron and Dirsched 
(Annalen, 1935,515,252). 

The percentage composition of quinine 
<C„H lt ON) was first correctly determined by 
Liebig (1838) ; the empirical formula 


CHjO — C,HjN — CH(OH) — C jHijN— CO jH, 
is obtained by the oxidation of quimdine ii 
sulphuric acid solution at 0° with potassium 
permanganate (Foret and Bohnnger, Ber. 
1882, 15, 1659) It crystallises from hot water 
or from dilute alcohol in leaflets with 2H t O, 
mp 240®-24G° (decomp), [a]” +258° (e=5 of 
anhydrous nubstanco in A‘.H t SO«) (Good«on, 
Henry* and Marfic. Biochem J 1930, 24, 881) 
It is soluble in 200 parts of cold water, but more 
readily in hot w aterand very sparingly in alcohol. 
As an acid it is soluble in alkalis , it shows the 
thalleioquin reaction and a blue fluorescence in 
dilute sulphuric acid solution The acid sul- 
phate, B H,S0 4 .3H,0, cryatalhsea from dilute 
alcohol. 

epiQuinldlne . — See under Qiunidme. 

Quinine, C, D H.,0 ] N t . w the most important 
of the cinchona alkaloids. It was first isolated 
by 1’cllcticr and Cavcntou (Ana. C’him 1820, 15, 
348) from tho “ cinchomno *’ of Gomes (1810), 
a crystalline mixture of alkaloids obtained 
from Vauquehn’a " quina ” (1809), the latter 
was an amorphous extract of cinchona bark, 
and had been first prepared by Fourcrov in . 
1792. Quinine occurs in all genuine cinchona 
Lark", and particularly in (Wimyi bark, the 
cultivated descendant of which, V Ltdgcnana, 
being made to y icld as much as 8% of quinine. 
For an account of the occurrence of quinine, 
of the cultivation and commercial history of 
cinchona plan tat ions, of the extraction, preparv- 


C-.HjjO.N, 


assigned to it the same year by Regoault was 
not established until 1854, when Strcckrr 
confirmed it by analyses of quinine alkyhodidil 
(Annalcn, 1854, 91, 155). Tor the constitution 
of quinine and other cinchona alkaloids, r. 
section 5 (p. 137) of this article 
Quinine base is precipitated from aqueous acid 
eolut ions of its salts at first as a w lute, anhy drous, 
amorphous pow der. To ovoid precipitating the 
frequently sparingly soluble neutral salts 
(particularly, for example, the sulphate. 


2(B H t S0 4 )+2Na0H 

■=B,-H|S0 4 +Na 1 S0 4 +2H t 0), 
this operation is best performed by introducing 
the alhaJoida! solution very slowly i nto a large 
excess of the well stirred solution of the alkali. 
When ammonia is used os tho precipitating 
agent, the amorphous base gradually turns into 
crystallino efflorescent tnhydrate, B3H,0. 
_ p. 57®. t H t O is lost on drying m the air, so 
that the article of commerce is usually B 2HjO{ 
the other two water molecules are removed over 
concentrated sulphuric acid or on drying in an 
oven Tho anhy drous baso can also bo obtained 
by crystallisation from hot dilute alcohol, boding 
water, or ammonia solution at 100' under 
pressure, or by precipitating a hot solution of a 
quinine salt with sodium carbonate or bicarbon- 
ate Quinine separates from benzeno in crystals 
of tho composition B,C ( H 4 Anhy drous quinine 
base has m p. 173 5°, [a]„ in alcohol — IC‘J3 
(e=2) (Hesse, Annalen, 1875, 176. 206), or 
—167 5° (c= 1 6) (Oudemans, i ltd. 1870, 182, 41). 
or -158 2° (e-2 136) (Babe, i bid. 1910. 373. 
100): [a) 0 in chloroform —110° (e=»2) ; (o)[»tfl 
ddute hydrochloric or sulphuric acid —278 
—279® (e=l 6) (Oudemans), or -2Sl 5“ (e-<>»j 
ic an J//40 solution) (Buttle. Henry and 
Trevan, Biochem. J. 193 1. 28, 436). One part of 
quinine requires for solution ncarlv 2.000 part* « 
cold water, but dissolves in about 1,000 part* m 
boiling water ; the presence of fixed *««'* 
loners the solubility, but ammonia augments it. 
supersaturated solutions being readily fortnre- 
Quinine dissolves in less than its own volume i 
alcohol ; «\ ether its solubility depends great J 
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on the quality of tho solvent, nnd ■widely 
varying figures have been published (I in 4-5 to 
1 in 114) ; it is more soluble in wet ether than 
in the dry solvent, and, as with ammonia, 
readily forms supersaturated solutions, which 
may account for some of the high solubilities 
recorded. On evaporation, ethereal solutions 
leave a residue consisting of a rcsinoid mass. 
Quinine is very soluble aLso in chloroform (1 in 2 
parts), but requires nearly 200 parts of carbon 
tetrachloride. It is fairlysoltiblein ethyl acetate, 
sparingly in cold but fairly readily in hot ben- 
zene, nnd is almost insoluble in light petroleum 
(b.p. GO") (1 in 5,000 parts). Dilute solutions of 
quinine in dilute sulphuric and other oxy-acids 
exhibit a bluo fluorescence, which is weakened 
nnd may even bo destroyed by the addition of 
halides, ferrocynnidcs, or thiosulphates. This 
property enables one part of quinine to be 
detected in several hundred thousand parts of 
water. The thnlleioquin reaction is not quite so 
delicate ; a faintly acid solution of quinine is 
treated with chlorine or bromine water drop by 
drop until there is a slight excess of the halogen 
(blraching powder is sometimes used), when on 
addition of an excess of dilute ammonia solu- 
tion, a rich emerald green coloration or pre- 
cipitate is produced. 

Quinine undergoes a variety of chemical re- 
actions ; the products are described in greater 
detail below. On heating with dilute organic 
acids, or on melting certain salts, or on heating 
them in glycerol, quinotoxino (quinicinc) is 
formed ; with mineral acids quinine undergoes 
bomerbation to isoquininc, nnd also simul- 
taneous demcthylation, apoquininc nnd other 
phenolic substances being formed. Potassium 
pcrmnngnnnte oxidises it to quitenine, and 
chromic acid to quininic acid and to mero- 
quinene and its oxidation products [sec under 
Cinchonine). On catalytic hydrogenation it 
gives rise to hvdroqninine. 

Quinine Sulphate, B 2 -H 2 S0 4 . crystallises from 
toiling water probably with 8H.O. Being very 
efflorescent, however, the water content is 
difficult to determine with nccuracy, and is often 
given ns 7 nnd 7-5 H.O. Tho latter hydrate is 
official in the “ British Pharmacopoeia," 1932 
(p. 370). Tho salt, tho appearance of which is 
influenced by impurities, forms a light mass of 
colourless, odourless, glistening silky needles, of 
intensely bitter taste. They rnpidy effloresce on 
exjKjsure or on warming at 50° with the formation 
of lustreless crystals. B 2 -H 2 S0 4 ,2H.0, which 
constitutes the stable form, and is formed also 
from the anhydrous salt on exposure. The 
anhvdrous salt, which can be obtained bv drving 
at 100’, has [ Q ] D —230° (e--l in dil. H.S0 4 ) 
(Tutin, Phnrm. J. 1909, 83, G03). The salt with 
7-GHjO requires for solution nearly S00 parts 
of cold water, but dissolves in 30 parts of boiling 
water. It is roluble in 05 parts of cold 90% 
alcohol, le<s roluble in absolute alcohol, nnd very 
roluble m hot 90% alcohol. It also dissolves 
m 30 parts of glycerol, but hardly at all in 
i thrr or chloroform, although in a mixture of 
tie litter with alcohol it is more soluble than 
m ■ ithcr solvent alor.e. Quinine sulphate is 
faintly alkaline to litmus, nnd on exposure to 
heh: slowly toms yellow. 


Quinine Acid Sulphate (bisulphate), 
B-H 2 S0 4 ,7H 2 0, 

crystallises from water in small, colourless, 
transparent or opaque, aci .ular crystals. It is 
odourless, but intensely bitter. The salt is 
efflorescent and light-sensitive. Aqueous solu- 
tions are fluorescent, nnd acid to litmus, but not 
to Congo red. The anhydrous salt has m.p. 100° 
(dccomp.) and [a]™ —211-7° (e—l-OG, i.c. an 
-1//40 solution in water). It is soluble in about 
10 parts of cold water or 20 of alcohol, hut is 
much more soluble at higher temperatures. 
The “ tcirasulphate," B-2H.SO,, crystallises 
from water with 7 H.O or from alcohol with 
5H.O. It is very soluble in water, less so in 
alcohol. 

Quinine Hydrochloride, B-HCl,2H.O, forms 
colourless glistening needles, which arc efflores- 
cent in warm or dry air. The anhydrous salt 
has m.p. 15S°-160°, and [a] n —155-8° in 
water, and about the same rotation in alcohol. 
It is remarkable in having a greatly diminished 
rotation in chloroform (—57° in 1%, and only 
—21° in 9% solution). Tho solubility of this 
salt in water is given variously between 2-5 and 
6% ; it is very soluble in alcohol, chloro- 
form, or boiling water. Tho dihydrochloride, 
B-2HCI, forms a white crystalline powder, 
m.p. 1S0°-185° [dccomp.), very soluble in water, 
less so in nieoliol. 

Quinine Ilydrobromidc, B-HBr, crystallises 
with 1H.O according to Hesse (Chem. Zentr. 
1902, ii, 953), but with 2H.O according to tho 
“British Pharmaceutical Codex,” 1934, 8S7. 
It is soluble in 55 parts of cold water, but is 
readily soluble in alcohol, chloroform, or boiling 
water. The dihydrobromide, B-2H Br,3H„0, is 
very soluble in water or alcohol. 

A very largo number of other salts, derivatives 
and preparations of quinine, are known ; only a 
small selection, however, can be given hero 
of those that are available for use in 
medicine. 

Quinine and Urea Hydrochloride, 

B-HCI-CO(NH.).-HCI,5H.O, 

is prepared by dissolving a molecular proportion 
of urea (GO parts) in a solution of quinine hydro- 
chloride (400 parts) in 300 parts hydrochloric 
acid (sp.gr. 1-05). The salt having the above 
composition crystallises out. It has m.p. 72° 
and is solubio in one part of water and 
two parts of alcohol. It is acid to litmus in 
aqueous solution, nnd gives the fluorescence 
nnd thalleioquin reactions characteristic of 
quinine. A similar preparation is quinine nnd 
urethane hydrochloride; usually prepared as a 
solution for injection (“British Pharmaceutical 
Codex,” 1931, pp. 8S9, 1287). 

Quinine Acclylsalieylate, BC 3 H f 0 4 , prepared 
by mixing alcoholic solutions of the com- 
ponents, is a white crystalline powder, m.p. 
about 1G0\ soluble in 330 parts of water, or 50 of 
alcohol. 

Quinine Citrate, B,-C,H s O ; .7-5H.O. or 
B;'C t H,0 ; ,7H.O, white needles, soluble in 
about 1,090 parts of water. 
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Quinine ItisaUcylasedicylate or bisalicylo- 
sabeylate (“ quinisaV' “ q airman ”), 

B 2(C r H t Oj — C,HjO,) a 
is prepared by mixing quinine acid sulphate and 
sodium salievlosalicylate in aqueous eolation. 
It is described as a white microciystallino powder 
haring only a slightly bitter taste, insoluble in 
water and very soluble in alcohol. 

Quinine Formate (“ quinoform ”), B CH t O t , 
consists of crystals, m p. about 130°, fairly 
soluble in water. 

Quinine Glycerophosphate (" kineunne "), 
B.-CjHjOj'HjPOj.dHjO, from quinine hydro 
chloride and calcium glycerophosphate, occurs 
in crystals, m p. 154°, soluble in 200 parts of 
water. It is bitter. 

Quinine Uypophosphile, B HjPO.,2HjO, is a 
crystalhno or amorphous powder fairly readily 
soluble in water. 

Quinine lodobismuthate, (BII,), B 2HI, a red 
amorphous powder prepared by mixing solu- 
tions of quirune hydrochloride, bismuth chloride, 
potassium iodide, and hydrochloric acid (Fran- 
cois and Sfgum, J Pharm Chim. 1925, 2, 59). 

Quinine Phosphate, B, 2H J P0„6H,0, or 
occurs in needles which 
resemble quinine sulphate both in appearance 
and solubility. 

Quinine Salicylate, BC.H s 0j,H,0, from 
quinine sulphate and sodium salicylate in 
aqueous solution. It occurs in white sdky 
needles, very sparingly soluble in water 

Quinine Tannate is prepared by mixing solu- 
tions of quinine sulphate and tannic acid in the 
presence of ammonia It is a pale yellow, 
amorphous powder, having an astringent, barely 
bitter taste. It u slightly soluble and only 
slowly absorbed. 

Quinine Valerate (valerianate), 

B CjHjjOj HjO, 

consists of colourless, lustrous, pearly crystals, 
or of a white, ruicro-crystallme powder, m.p 
about DO 15 , slightly soluble in water, and having a 
bitter taste and a faint odour of valeric acid. 

Quinine Carbonate (djqmnmc carbonate, “ an- 
stochm ”), 

CH,0-C,H 1 N-CHO-C 7 H 11 N-CH=CH 1 

f 

c.-o 

I 

CHjO-C^HjN-CHO-CjH.jN-CH-CH, 

is a tasteless, amorphous, insolublo powder, 
m.p. 189% made by treating quinine with 
phosgene in benzene solution. 

Quinine Ethylcarbonate (“British Pharma- 
copreis," 1932), 

CH,0-C,H,N-CH(0-CO-OC 1 H 4 )-C,H n N-CH-CH I . 
occurs in white, almost tasteless, needles, m.p. 
about 90% slightly soluble m water. It is 
made by treating quinine with chloroformic 
ester (Cl COjCiHj) in benzene solution. 

Tho following are the principal derivative*, 
transformation, and degradation products of 
quinine, which at present aro only of academic 
interest : 


Acetylquinine, 

CH,0-C t H s N-CH(0-CO-CH J )-C,H u N<H - CH„ 
was first prepared by Hesse (Annalen, 1880,205 
317 ; e/. Beckett and Wright, J.C S 1876, 29, 
657) by warming quinine with acetic anhydride" 
Other methods have been patented by Vereinigte 
CTiinmfabnken, Zimmer % Co, GmbH 
(GP. 128116/190% 178172, 178173/1906). 'it 
crystallises from ether in prisms, m p. 103% or 
from light petroleum, m p. I16°-U7% has [a] B 
—54 3° in alcohol, or —114 8® in dilute acid, and 
is readily soluble in alcohol, ether or chloroform 
It is almost tasteless and can bo hydroly sed back 
to quinine. 

Lentoylpiinine, 

CH J 0-C,H 4 N-CH(0-C0-C,H 4 )-C t H |l N-CH-CH„ 
was Erst made by Schutzcnberger (Annslen, 
1858, 108, 352; cf. Wunsch, Ann. Chim. JS96, 
(vu], 7, 127) by tho action of excess of benzoyl 
chloride on quipino on the water bath. Other 
methods have been patented by Vercinigt* 
Chinmfabnken, Zimmer Sc Co , GmbH 
(GP 129116/1900, 178172, 178173/1905) It 
crystallises from ether, m p 139% (a) D +121 6“ 
in alcohol, and forms a hydrochloride, 

B HCl,iH t O, 
which when dry has m.p 226®. 

Quinine Mtlhiodide, 

CH,0 C.HjN CH(OH) C^iNtCHjt) CH CH,, 
is obtained when equimolecular proportions 
of the components react in ethereal or alcoholic 
solution m the cold (Claus and Mallrnann, 
Ber. 1881. 14, 76 j Hesse, ibid 1895, 28, 1299) 
It crystnlli«es from water in colourless needles, 
with 1 or 2H t O, rap 233®-236® {decamp), 
is very sparingly soluble m ether or chloroform, 
sparingly in cold water, but readily so in 
alcohol. Tho dimtthxodide, 

CHjO C,H,N(CH,I) CH(OH) C,H U N(CH,I) CH CM„ 
is formed from it (also from cupreine and from 
quinine) by boiling with an excess of roethyt 
iodide in alcoholic solution. It crystallises from 
water in yellow plates with 314,0, m p about 
160® {decomp.). 

Quinine LthiodiJe, 

CHjO C,H 4 N CH(OH) C,H|,N (C,H,I) CH CH r 
LiyrfteJlsvs- rfunr wirA-r wixiV iWj'C. TOs" ■»’’ 
hydrous substance has m p. 2I0 , ’-211® and[a] 0 
— 105® in alcohol. It is readily soluble w 
alcohol, but sparingly so in cold water. 

Isomeric Quinine Ethiodide, 

CHjO C,H,N(C,H,I) CH(OH) C,H n N CH CH r 
(Skraup and x on Norwall, Monatsh. 1891, 15, 47) 
is obtained as the hydriodidn (m p. 231®, dry) 
by heating quinine hy d nodule with cthjl 
iodide in alcobobc solution at 100° (sealed lube). 

It crystallises from 50% alcohol in needles with 
3H t O, m p. 93®, and is scry soluble in alcohol, 
but sparingly so in water. 

Quinine Dtclh iodide, 

CHjO C|HjN(Cj HjI) CH(OH) CjHjjNlCjMjt) CH CH, 
prepared from cither of the two preceding *°h- 
stanccs by boiling with ethyl iodide in alcoholic 
solution, cry stallnes with 1 H,0. m p 157’-lf' r • 
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a-Chlorohydroquinine, better, a-chlorodihydro- 
quinine (component of “ hydrochloroquininc ”) f 
CH 3 OC,HjN-CH(OH)C-H n N-CHCI-CH 3 , 

is prepared either by leaving quinino hydro- 
chloride to stand in hydrochloric acid (saturated 
at —17°) for several weeks (Comstock and 
Koenigs, Her. 1887, 20, 2517), or by heating with 
tho ordinary concentrated acid at 85° in a sealed 
tube (Hesse, Annnlcn, 1 893, 276, 1 25). a-Chloro- 
liydroquinino is isolated from the products 
and purified first as acid nitrate, and then by 
crystallisation and recrystallisation of tho 
baso from methyl alcohol (Goodson, J.C.S. 
1935, 1095), when it separates in anhydrous 
rhombs, m.p. 210°-215° ( dccomp .), [a]^° —251° 
(e=0-5 in 1V-HCI). Tho acid nitrate 
B-2HN0 3 , has m.p. 212°, and tho tartrate, 
ByC^H.O^H.O, 198° (dry). 

a'-Oblorohydroquinine is cpimcric with tho 
preceding substanco at tho carbon atom which 
carries tho chlorino atom. It is formed along 
with it, tho mixture constituting “ hydro- 
chloroquinino ” (Goodson, l.c.). It is found 
in tho mother-liquors from tho methyl nlcoholic 
crystallisation of tho bases, whcnco it is 
isolated as acid nitrate, tho baso recovered, 
nnd rccrystalliscd from benzene. It crystal- 
lises with solvent of crystallisation, but on 
exposure to air, tho benzene is replaced by water. 
The anhydrous baso bos m.p. 194°, dccomp. 225°, 
nnd [o] n -108-1° (e=0-G in N-HCI). Tho 
acid nitrate, B-2HNO-, has m.p. 223°, and tho 
tartrate, B,-C 4 H„0 e ,2H 2 0, 228° (dry). 

a-Ihomonydroquinine, a-bromodihydroquin- 
inc, hydrohromoquinino II (componont of 
" hydrohromoquinino ’’), 


CH 3 OC,H t NCH{OH)C,H n N-CHBrCH 3 , 
is prepared by causing quinine dihydrobromido 
to react with hydrobromic acid (saturated at 
— 17°) at room temperature for 3 days (Comstock 
nnd Koenigs, Bor. 1887, 20, 2518), or by heating 
quinino hydrochloride with 38% hydrobromic 
acid in acetic acid at 80° for 2 J hours (Podlowski 
nnd Suszko, Itec. trav. chim. 1930, 55, 392). 
a-Hromohydroquinino bnno is isolated from tho 
products by crystallisation from ether, nnd 
purified by rccrystallisation from acetone, when 
it separates in the form of prisms, m.p.100 °-107° 
(dccomp.),' [a] D —200° in alcohol-chloroform 
(1 : 2). With nlcoholic potash it gives riso to 
niquinc (see below). 

a-llromohydroquinine (hydrohromoquinino I), 
cpimcric with tho preceding substanco nt tho 
carbon atom which carries the bromine atom 
(Podlowski and Suszko, l.c.), is formed along 
with it, and is isolated from tho ethereal mother- 
liquors of mixed bromo-bnscs by rccrystallisation 
from benzene. It separates with ono molecule 
of solvent of crystallisation, has m.p. 1G0°-1C2° 
(dccomp.), nnd (a] p —50° in alcohol-chloroform. 
W ith nlcoholic potash it gives riso to 8-isoquinino 
belotc). its quartemary mctho-p-loluenc- 
c'dplonntc crystallises from water, m.p. 193°- 
191°. 1 

a-Iodohydroquinine, a-iododihydroquininc, 
hydroiodoqnininc II (component of “ hydro- 
indoquininc ”), 


CHjO— C,H t N— CH(OH)— C,H U N— CHI— CH 3 , 


is formed when quinino is heated with hydriodio 
acid (sp.gr. 1-7) on tho water bath for 1 or 2 
hours (Lippmann and Fleissner, Monatsh. 1891, 
12, 327, and later papers ; Skraup, ibid. 431, and 
later papers). Tho epimerides formed are 
isolated as dihydriodides ; tho bases aro then 
liberated, and separated from ono another by 
crystallisation from benzeno and from ether 
(Rosonmund and Kittlcr, Arch. Pharm. 1924, 
262, 20; see also Reyman and Suszko, Bull. 
Acad. Polonnise, A, 1935, 360). a-Iodohydro- 
quinino on heating begins to dccomposo abovo 
100°, and the decomposition reaches a climax 
at about 160°. The specific rotation is— 128° 
(Rosenmund) or —217° (Royman and Suszko). 
On boiling in benzeno solution, or on treatment 
with alcoholio potash, niquino (see below) is 
formed. 

a'-Jodohydroquinine, hydroiodoquinine I, is 
tho cpimerido of tho foregoing compound. 
According to Rosenmund and Kittlcr (l.c.) it 
has tho same melting-point, but [a] D —74-3°. 
According to Reyman and Suszko (l.c.), how- 
ever, it crystallises with one moleculo of benzeno 
and melts at 93°, ro-solidifics nnd then decom- 
poses at 130°-I40°; it cannot be freed from 
benzeno without decomposition ; the crystals 
containing benzeno havo [a] D —18° in alcohol. 
Tho methiodido has m.p. 112°-114°. On boiling 
with benzeno, or on treatment with alcoholio 
silver nitrnto or potash, a'-iodohydroquinine 
gives riso to jS-tsoquinino (see below). 

Tho hydroxy-compound corresponding to tho 
abovo halogen-derivatives is said to bo formed 
when quinino is treated with cold concentrated 
sulphuric acid, and tho resulting sulphonic acid 
saponified by boiling with dilute sulphuric acid 
(Vorcinigto Chininfabriken, Zimmer & Co., 
G.m.b.H., G.P. 152174/1904). 

By treating quinino with the halogen hydracids 
nnd with sulphuric acid under more drastic 
conditions, there is obtained a series of halogeno- 
hydronpoquinincs and a hydroxyhydroapo- 
quinino respectively, differing from tho pro- 
ceding substances only in having a hydroxyl in 
plneo of tho methoxyl group in tho 0-position of 
tho quinolino nucleus. These phenols, however, 
havo not been so fully studied. 

a-isoQuininc, isoapoquinino methyl ether 
(component of " pscurfoquinino ”), 

CHjO— C jHjN— CH(OH)— C,H 10 N> C-CH— CH 3 , 

is formed in smnll quantity when quinine is 
heated with sulphuric acid (sp.gr. 1-61 at 100°) 
{Bottchcr nnd Horovitz, Monntsh. 1912, 33, 
671), but is probably better obtained by tho 
mcthylation of isoapoquinino. It is isolated 
from tho other products of the reaction as tho 
tartrate, and is purified by reciystnllisation of tho 
baso from benzene. It has m.p. 190-5°, Tain 
— 245° (e=~l in alcohol). 

P-ieoQuinine, isoquinine, opoquinino methyl 
ether (component of “ pscudoquinino ”) is tho 
geometrical isomeride of the preceding substance. 
It is formed together with a-ifoquinine, niquino, 
and other substances when quinine is heated 
with sulphuric acid (sp.gr. 1-01) at 100° (Bottchcr 
and Horovitz, ibid. 570), when tho hnlogcno- 
hydroquinines are dehalogenated (sec, for 
example, Suszko, Bull. Acad. Polonaise, A, 1925, 
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120), and when cpoquinine is methylated (tie, for 
example, Henirand Solomon, J.C.S. 1934 , 1923 ; 
with Gibbs, ibid. 1935, 96S). In the first two cases 
it is formed aa the principal component of the 
products, which may contain also unchanged 
quinine, a isoquinine. niquine, and hydroxy - 
hydroquinine. It is isolated together with the 
qumroe and a-woqumioe in the ether soluble 
fraction ; the qui nin e and a-iaoquimne may he 
removed as the sulphate and tartrate respec- 
tively, the 0-iroquuune being then isolated as 
the oxalate, and punfied by recrystaliisaUon of 
the base preferably from acetone, but also from 
dilute alcohol, ether or benzene It has m p. 
lS9*fB6ttcher),[aJn —201“ in alcohol (Henry) or 
—192° (•—193°) (Bottcher, Siisxhn). -295 9“ 
in dilute sulphuric acid. The hydrochloride 
has m p. 249~-251®, [a] D —174’ in water, and 
the sulphate, m p 220°. 

.Vijuine, of disputed composition, the formula? 
in question being C u H„0,N,, 
and C 10 H,,O,N t , is formed when iodo-, or 
bromohy droqumine is dehalogenated This may 
be effected either by treatment with alcoholic 
potash or alcoholic silver nitrate, or by boiling 
the haiogeno bases in benzene eolation II hen 
using the crude mixture of a- and a' haiogeno 
formed by the treatment of quinine with halogen 
hydracids, the dehaloge nation gives use to a mix 
tore of niquine and 0-»aoquinine. It is also said 
to be formed in minute amount together with 
P isoquimne, when quinine is treated with aul 
pbunc acid (Giemsa and Oe*terlm,Ber 1931,64, 
(BJ.CO) Niquine crystallises from boiling water, 
or dilute alcohol, with 2H,0, m p. about 100“. 
It is almost insoluble in moist ether. The water 
is lost in a desiccator and the anhydrous base 
then melts at 146’, and becomes soluble in dry 
ether. The anhydrous base has (o] D -129° in 
alcohol. It is generally agreed that niquine 
contains the hydroxyl group of quinine intact , 
but that the quinudidme nitrogen atom is 
changed from tertiary to secondary, because 
tuqutne forms a diacctyl-denvative, and a N- 
mtroeamuie. It reacts additively with hydnodic 
acid, and is largely regenera ted from the resulting 
compound by treatment with alcoholic potash, a 
small amount of " isotuquine ’’ being also 
formed (Skranp, Monalsh. 1 893, 14, 440 ; for 
the remaining literature of niquine, tee Lippmann 
and Fieissner, ibid. Kw , Rosonmund and 
Kittler, Arch. Fharm. 1921, 262, 23; Snszko, 
BulL Acad. Polonaise, A, 1925, 129, Ileyroan 
and Suszko, iJid. 1933, 3G0; Podlewshi and 
Suszko, Rec. trav. chim. 1936, 55, 392; for 
constitution by analogy with cinehonhydnne, 
which will bo found under Cinchonine, tee else 
references given there). 

apoQuiaine, p irocupreine, 

HO— C^HjN— CH(OH)— C,H, t N> C-CK-CH,, 
is the pnncipal crystalline component of the 
amorphous mixture obtained when quinine is 
demethylated or eupreme isoraensed with hot 
dilute mineral acids or with aluminium chloride. 
The amorphous mixture was first obtained by 
Hesse (Annalen, 1SS0, 205, 323) who, taking it to 
bo a single substance, called it “ apoqumine." 
It is test prepared by boiling quinine with 60% 
sulphuric acid (Jarzynski, Luds inakbwna, and 


Snszko, Bee. trav. chim. 1933, 52, S4I), and can 
be freed from its congeners by repeated re- 
preeipitation, followed by fractional crystallaa- 
tioa of the acid sulphate or of the dihydro- 
bromide (Henry and Solomon, J.C.S. 1934, 
1927). apoQuuiine, which is persistently amor- 
phous until fairly pure, crystallises from ether, 
alcohol or acetone, in each case with solvent 
of cry stalhsation, which is removed with 
difficulty, and not without loss of the crystalline 
state, it froths at 184°, and the froth becomes a 
clear hquid at about 205®; the .anhydrous 
base has [a]” —214 8® (e-= 0-775 in alcohol), 
or -281® (e=0-7S4 in O-I.YH.SOj), apo. 
Quinine is a phenolic substance, soluble in 
alkalis and is precipitated therefrom by 
passage of carbon dioxide. In common with 
other phenolic bases of the cinchona senes, it 
forms neutral salts, which are intensely yellow 
m aqueous solution, the colour being discharged 
by the addition of acids. It is non fluorescent, 
and docs not respond to the thalleioquin test 
A senes of alkyl ethers has been prepared in 
Europe, America, and in Japan, which promise 
to be of similar interest to the corresponding 
ethers of hydrocupreinc (s« Buttle, Henry, 
Solomon, Trevan and Gibbs, Biochem. J. 1938 
32, 47). The methy 1 ether is p woquimne. 
apoQutnme hydrochloride crystallises from 
water or alcohol, m.p. 272 5°, (<«}„ -163 8“ 
in water. The acid tulphale, when anhydrous, 
has [ a ] D —223® W water ; the tetquiotalate 
melts at 225®, and the dihydrobrvmide, which 
crystallises from alcohol, m p. 255®, [o] 0 
— 180-9® m water, tends to lose HBr by du- 
sociation. 

uoapoQuimne, o-isocupreine, is the gco- 
metncal isomende of apoquinme, which it 
greatly resembles, and on methy lation yields 
a Moquinme. It is formed together with opo- 
quinine and hydro xyhydroapoquinme when 
quimno is demethylated with sulphuric achl 
(Henry, Solomon and Gibbs, J.C.S. 1935, 907) 
It occurs in the mother-liquors from the and 
sulphate or dihy drobromide fractionations of 
impure apoqumine. The latter salt, however, 
although the more soluble of the two in alcohol, 
is the less soluble m water. The base crystallises 
from acetone containing a Ltlle alcohol with the 
equivalent of 3H v O, or preferably from methyl 
alcohol. It froths at 190° and finally decom- 
poses at 275®. The substance, like a-iwquinine, 
is remarkable for its high optical rotation, tie 
anhydrous base having [a]” —261 •7’ (e- 
0-775 in alcohol), or — 364'in dilute acid. The 
hydrochloride has m.p. 271® and [a] B —194 5 
in water ; the dthydrohromide has m p. 136°- 
140°, being thereby readily distinguished from 
apoqumine dihydrobromide, which melti »t 
253®. 

Quinotozine (qumicinc), 

CH,0— CjHjN — CO — CH| — CH, — C,H,H— CH - CH, 
is said to occur in cinchona hark, but Is !*** 
prepared from quinine or qu undine, either bp 
beating their acid sulphates (Pasteur, Comp*- 
rend. 1853, 37, 111; Hesse, Annalen. I87* 
178. 215), or by boding the bases with ddat« 
acetic acid (von Sillier, Kobde and Fuaaeceggo - . 
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Ber. 1900, 33, 3228). It lias also been obtained 
by heating quinine with glycerol at 210° (Hesse, 
Annnlcn, 1873, 160, 277). Quinotoxino is a 
yellowish amorphous moss, which becomes an 
oil at about 60° to 60°. It has [a]" +44-1° 
(c-2 in chloroform) (Hesse), or +38-7° (Howard 
and Chick, J.S.C.I. 1909, 28, G5). It is almost 
insoluble in wafer, but readily soluble in alcohol, 
ether or chloroform. It is a strong base which 
absorbs carbon dioxide from the air, and dis- 
solves, when freshly precipitated, in ammonium 
salt solutions, expelling ammonia. It dissolves 
in mineral acids with a yellow colour, but does 
not fluoresce. With chlorine water and ammonia 
it produces tho characteristic green coloration 
{IhnWcioquin). Quinoloxinchijdrochlaridc (B-HC1) 
is recommended for the isolation of tho 
toxino ; it has rn p. 180°-182°, [a] D + 15° 
(average) in wntcr (Hcidclbergcr and Jacobs, 
J. Amor. Client. Soc. 1919, 41, 832). Tho 
neutral sulphate, B 2 'H 2 S0 4 ,3H 2 0, crystallises 
from alcohol in prisms, and dissolves readily 
in i rat-er. The oxalate, B„-C 2 ht 2 O t ,9H 2 D, 
often used for tho isolation of tho toxino, 
crystallises from chloroform or alcohol, and 
is very sparingly' solublo in water ; tho 
anhydrous salt has m.p. 1CG°-167°, [a]^ 1 +21° 
(c-2 in 1 vol. alcohol and 2 vols. chloroform) 
(I)irscherl and Thron, Annnlcn, 1935, 521, 64). 
Other crystalline salts are the hydriodide, thio- 
cyannte, tartrate, and platinichloride. Quino- 
toxiuc is a kctonic secondary-tertiary baso. 
Its p-bromophenylhydrazonc melts at 141°, 
and its N -methyl-derivative, identical with the 
“ mcthylquinino " of Claus and Mallmann (Ber. 
1881, 14, 79) and the " mcthylquinidino ” of 
Claus (Annnlcn, 1892, 269, 234), can bo obtained 
cither by direct methylation or by boiling 
quinine or quinidino methiodido with aqueous 
alkali (phenylhydrnzone, m.p. 135°-13G°). Quino- 
toxine forms an isonitroso- derivative with amyl 
nitrite, and a N-nitroso- derivative (nitrosamino) 
with nitrous acid. 

epiPuininc, C, 0 H 21 O 2 N 2 , is epiraerio with 
quinino about the carhinol (CH-OH) group. 
It occurs naturally, and can bo isolated from 
" quinoidino ” (Direchcrl and Thron, Annnlcn, 
1935, 521, 48), but was first obtained by 
epimerisation of quinine or quinidino by boiling 
with amyl alcoholic potassium hydroxido when 
there is formed n mixture in dynamic equilibrium 
of quinine, quinidinc, epiquinine and cpi- 
quinidine. Tho quinino and quinidino being 
removed as neutral and acid tartrate respec- 
tively, the two cpi-bascs arc isolntcd together ns 
dihydrochloridcs j the epiquinino is then 
separated ns tho sparingly soluble dibcnzoyl- 
tnrfrato, which cannot be rccrystallised, and 
can only bo purified by recovering the base and 
converting back to dibcnzoyltartrate. The pure 
base is a colourless, viscous oil, [njpf -f43'3° 
(e-'O 9194 in alcohol). It is readily soluble in 
mo-t organic solvents, and is more strongly' 
tluoresoent in dilute sulphuric acid than the 
parent alkaloids. Its dihydrochloride crystal- 
“•« from acetone, m.p. 196°, [a] D +33-3° in 
alcohol, and its dibcnzoyltartrate, also from 
nreione, has m.p. 159° (italic cf a!., Annnlcn, 
1932, 492, 252.) 
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I Quininone, 

CHjO— C,HjN — CO — C 2 H n N — CH = CH a , 

is obtained in low yield by' the gentle oxidation 
of quinino or quinidino with chromic acid 
(Rabo and Kulign, Annnlcn, 1909, 364, 346, 
349). It is best prepared indirectly from quino- 
toxino by N-bromination with sodium liy'po- 
bromite, followed by treatment of the N- 
bromotoxine (m.p. 123°), with sodium cthoxide 
(Rabe, Z. angew. Chem. 1913, i, 543 ; Itabe and 
Kindler Ber. 1918, 51, 466). It separates in 
almost colourless crystals from ether, melts at 
101° (10S°), and shows mutarotation, tho final 
value at 20° being +75-5° (c= 2 in alcohol) (Rabe, 
Kuliga and Marscbnll, Annalen, 1010, 373, 116, 
117). It is readily solublo in most organic 
solvents, but not in water. It dissolves slightly 
in aqueous alkalis with a yellow colour (enulisa- 
tion). Tho hydrochloride, B-HC1, forms a very 
hygroscopic pale yellow, crystalline powder, 
m.p. 210°-212°, (a] D (final value) +58-5° 
in alcohol. Quininone forms a glassy', oxime 
nnd on reduction in a suitable manner gives rise 
to quinino nnd quinidino (Rabe and Kindler, 
l.c.). With amyl nitrite and sodium cthoxide it 
is split into quininic acid and oximinovinyl- 
quinuclidinc. 

Quinine Chloride, 

ch 3 o-c 8 h 5 n-chci-c,h 11 n-ch=ch ! , 

is prepared from anhydrous quinine hydro- 
chloride, chloroform nnd phosphorus penta- 
chloride (Comstock and Koenigs, Ber. 1884, 17, 
1988; Rabe, Annalen, 1910, 373, 103 ; Giemsn. 
and Hnlberknnn, Ber. 1921, 54, [BJ, 1192). 
It crystallises from benzene, or benzene and 
ether, in magnificent colourless crystals, m.p. 
I51°-152°, [aJ D +60-3° to +62-6° in alcohol. 
Quinine bromide (C. F. Bohringcr & Soehnc, 
G.m.b.H., Rnbe, Cohnusz and SchecI, G.P. 
592541/1932) has m.p. 154°. 

Desoxyquinine , 

CHjO — C B H & N — CH 2 — CjHj t N — CH=CH., 

is prepared by reducing a dilute sulphuric acid 
solution of quinine chlorido with iron filings at 
room temperature (Koenigs, Ber. 189G, 29, 372 ; 
Rabe, Annalen, 1910, 373, 107 ; Giemsn and 
Halbcrkann, Ber. 1921, 54, 1197). It crystal- 
lises from moist ether or from nqueous alcohol 
or ncctono in colourless, efflorescent needles, 
B-2H,0, m.p. about 50°. The anhydrous base, 
which is not readily obtained crystalline, has 
m.p. 94° and [a] D about +99° in alcohol. It is 
fluorescent in dilute sulphuric acid nnd shows tho 
thalleioquin reaction. 

Quinene , 

CHjO-C 8 H !i N-CH = C = C c H 10 N-CH = CHj, 
is prepared by boiling quinino or quinidine 
chloride with alcoholic potash (Comstock and 
Koenigs, Ber. 1884, 17, 1989 ; 1885, 18, 1223 ; 
Giemsn nnd Hnlberknnn, ibid. 1921, 54, 1192). 
It crystallises from ether, ligroin, or aqueous 
acetone with 2H 2 0, m.p. rather indefinite 
between 07° nnd 90°. The anhydrous base has 
f a 3n +52'5° in alcohol. The dihydrochloridc, 
B-2HCI,H.O (Hcidclbergcr and Jacobs, J. 
Amer. Chem. Soc. 1920, 42, 1501), crystallises 
from a mixture of nlcohol nnd ether in lemon- 
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yellow needles ; the anhydrous salt ha3 up. 
1B0 3 -1S5°, and [a]f, + 18 4® in water. 

apoQumene, 4 (0 hydros) -3 4 •dir thy Ipheny 1)- 
6 b) d rosy -quinoline, 

HO — C,H S N — 

(Kenner and Statbam, JCS. 1933, 299), is 
obtained by heating qninene with h) drobromic 
acid (sp gr. 1-49) at 180® (Comstock and Koenigs, 
Iter. 18S3, 18, 1220 ; Koenigs, J pr. Chem 
1900, 61. 41) npoQuinene, which should not be 
confused with apoquinine. crystallises from 
aqncoas alcohol, m p 246®-248°. 

Quint no!, 

CH,0-C,H 1 N-CH(0H)-C,H n N-CH=0, 
and its acyl (acetyl and benzoyl) derivatives, 

CH,0— C t HjN— CH{0— CO— R)— CH = O. 
are obtained from quinine and from its acyl 
derivatives by the action of ozone in cold 
chloroform solution. The resulting ozomdes 
furnish on hydrolysis formaldehyde, hydrogen 
peroxide and the aldehydtc substances in 
question. The latter are amorphous Quimnal 
has [a) D —30® in chloroform, the acetyl denva 
tivehas [a] D — C3 5°, and the benzoyl derivative 
+79 4® (See kies, Rec trav. chtm 1923, 42, 69) 

Quifermtr, 

CH,0 — C,H S N — CH(OH)— C,HjjN — CO,H 
is obtained by oxidising a cooled solution of 
quuune in dilute sulphuric acid with potassium 
permanganate. It was first prepared by Kemer 
m 1869, and has been studied by Skraup 
(Her. 1879, 12, 1101 . Annalcn, 1879. 199, 348; 
Monatsh 18S9, 10, 40) It crystallises from 
diluto alcohol in prisms with 4H,0, m p. 2S6° 
{decomp), («) D —142 7® (e«01 in alcohol of 
spgr. 0 938) The anhvdrous substance has 
[a] D -298® (c-5 in ,V-H,S0 4 ) (Goodson, 
Henry and Macfic, Bioehcm J. 1930, 24, 881) 
It is insolublo m ether or water, and sparingly 
soluble in alcohol, aqueous alcohol, or ammonia , 
it is readily soluble in acids or fixed alkalis, but 
from the latter is precipitated again by absorp. 
tion of carbon dioxide from the air Quitenme is 
fluorescent both in acid and in aqueous-alcoholic 
solution and responds to the thalleioquin test 
On oxidation with chromic acid it gives riso to 
the same oxidation products (but no meroquin 
ene) as result in the like oxidation of quinine 
Ac eiejBribfJaixm s.'.'i iyvAwuAvr fi grssv 
rise to the phenolic substance “ quitenol ” 
(*‘ cuprctcnine ”) (von Bucher, Monatsh 1893, 
14, GOl), but suffers no other change. Quitenme 
gives an acetyl derivative, and forms salts both 
with mineral acids and with metals The ethyl 
ester has m p 200®. 

Quimme Acid, C methoxy quinolme-4 car- 
boxy he acid, CH s O— C.H.N— CO,H, is the 
most readily isolated of the oxidation products 
of quinine, quinidme, their hy dro- derivatives, 
aud many of their derivatives and degradation 
products. It has been synthesised by Babe and 
co-workers (see section 56, p. 144a). The follow- 
ing properties are mainly from Skraup (Monatsh 
1881, 2, CS9), it crystallises from dilute hydro 
chloric acid in ytllowish prisms, m p. 2 SO®, 
soluble in about 100 parts of boding alcohol, 
almost insoluble in water, ether or benzene. 
It is readily soluble in mineral acids (with a 


yellow colour) and in alkalis. Alcoholic solutions 
of the acid show a blue or violet fluorescence, and 
it responds, bat not in typical fashion, to the 
thalleioquin test. On demethy lation it gives rise 
to xanthoquinimc acid, and on oxidation with 
alkaline permanganate to 2 3 4-pyndinetri- 
carboxybc acid. It forms a hydrochloride, and 
salts with barium, calcium, copper, and silver 
Its methyl ester has m p. 85®, and ethyl ester CD°. 

6 MethoryUptdme, 6 niethoxy-4.methy!quino- 
bne, CH.O — C,HjN — CH 3 , has been obtained 
by the hydrolysis of quineno (Koenigs, Bcr 
1890, 23, 2673 ; Kaufmann, i bid. 1913, 46, 
1829) and has been synthesised from anisidine 
by 1’ictet and Misner (i6id. 1912, 45, 1602), 
and by Rabe and co workers (i6itf 1931, 64, 
2492). It crystallises from boiling water or 
aqueous alcohol with 1 H jO, lias m p 50®-52’, 
b p 213® and forms a pierate, m p. 223°, ami 
a sulphate insoluble in alcohol. It shows a 
blue fluorescence m water. On demethy lation 
with boiling hydrobromic acid it gives riso to 
p hy droxylepnbne. 

epiQuinine — See under Quinine 
Qumoidine is the namo originally appbed by 
Scrtumer (1828), the discoverer of morphine, 
to the amorphous material extractable from the 
mother liquors left after removing quinine from 
the total alkaloids of cinchona bark The name 
qumoidine is still applied to residues from quinine 
manufacture, hut as this now differs greatly 
from the method used by Sertumcr, and as the 
other crystalline associates of quinine are now 
also recovered, the material w hieh goes by this 
namo to-day differs greatly from Serturner's 
product. It contains a small proportion 
of quinotoxine, but consists largely, as has been 
shown recently, of epi quinine and epiquinnlme. 
which may be accompanied by their dibydro- 
derivatives (Dirscherl and Thron, Annalen, 
1935, 621, 48 ; this paper also summarises 
the bistory of qumoidine). Two views hav o been 
held as to the origin of these amorphous bases : 
(a) that they actually occur in tho bark, (6) that 
they originate by decomposition of the crystal 
line alkaloids during manufacture. Dirscherl 
and Thron are of opinion that the epi bases at 
least pro exist in the bark. 

Quinotoxine — See under Quinine, (p. 17(kf) 
'* Totaqulna.” — See p. 132 

T. A. 33. ssd> it 
CINCHONAMINE r Cikciiona Alka- 
loids) (this vol, p. 152a). 

CINCHONICINE {Ctncholoxine) r. Cin- 
chona Alkaloids (this vol , p.!57d). 

C INCHON (DINE r. Cinchona Alka- 
loids) (this vol , p. 1526). 

C1NCHON1G1NE O lsoCwe Aomnt) r 
Cinchona Alkaloids (this vol., p. 15f>e) 
CINCHONlLINE (d.isoCiBcAcmine)r.Cix- 
ciioxa Alkaloids (this vol , p. 1566). 

CINCHONINAL r. Cinchona Alkaloids 
(this vol , p 15S<f) 

CINCHONINE e. Cinchona Alkaloid* 
(this vol, p 1546) 

C INCHON I NONE r. Cinchona Alka- 
loids (this vol , p. !5Sa). 

CINCHOPHEN PHENYLCINCHO* 
NINIC ACID 2-pheny lqutnolinc-4 carboxylic 
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CINCHOTENINE r. Cinchona Alka- 
(thin vol., p. 159a). 

CINCHOTICINE r. Cinchona Alkaloids 
(tills vol., p. 103c). 

CINCHOTINE, DIHYDROCINCHO- 
NINE ( Hydrocinchoninc ) v. Cinchona Alka- 
loids (this vol., p. ). 

CINCHOTINE t>. Cinchona Alkaloids 
(this vol., p. 100n). 

CINCHOTINETOXINE r. Cinchona 
Alkaloids (this vol., p. 192d). 

CINCH OTOX I N E v. Cinchona Alkaloids 


m.p. 104-5°-106°. This latter acid is converted 
into a-cintnic acid (VI), m.p. S3'-S4 e , when 
heated nt 150° (Rupo, Ber. 190S, 41, 3D55 ; 
Helv. Chim. Acta, 1933, 16, 503 ; 1934, 17, 9S). 

Various methods have been suggested for the 
quantitative estimation of cineole. The two 
most satisfactory are the preparation of (i) its 
crystalline additive compound, Cj 0 H] 8 O,H 3 PO 1( 
which is formed when it is mixed with B3-rupy 
phosphoric acid or (ii) its compound with o- 
rresol, C 10 H, g O,C 7 H 8 O, m.p. 55-8° (Cocking, 
Pharm. J. 1920, 105, 81). 


(this vol., p. 1 03c). 

1 :4-C I N EOLE. 

CMe 

H,C I CH, 

I O | " 

H,C I CH, 

* \l/ 

C-CHMe, 

1:4 -Cineole, C 10 H Ifi O, b.p. 172°, d 16 0-9010, 
n JJ 1 -4-170, is present in small amount in the 
essential oil from the fruits of Piper Citbcba, 
grown in Mysoro (Rao, Shintrc and Simonson, 
J.C.S.I. 1928, 47, 02). It has been shown by 
Austcrweil (Bull. Soc. chim. 1928, [iv], 45, 802) 
to bo present nlso in tho low boiling fractions 
of the oil obtained in tho manufacture of 
a-tcrpincol. l:4.Cincolo was first prepared by 
Wnllnch (Annalen, 1907, 356, 204; 1912, 392, 
02) h^* tho doli3'dration of tra ns- terpinenc- 1 orpin 
with oxalic acid. It can ho obtained in a similar 
manner from eis-terpincne-tcrpin and from 
terpin hydrate (Dupont, Levy and Mnrot, Bull. 
Soc. chim. 1933, [iv], 53, 393). With hydrogen 
chloride L-l-cineoIo \-ieIds terpincnc difydro- 
chloride. J. L. S. 

1 :8-C I N EOLE. 


H 


CMe 

/ \ 

.C CH, 


H,C CH, 
' \ / * 


CH 


O 


Mc.C- 


Thc oxide, liS-cincole, C, 0 Hj,O, known also 
ns cuealyptol and cajuputol, m.p. 3°, b.p. 174-1°/ 
700 mm., rf*® 0-930, tip 1-15S39, is one of the 
most widely distributed of essential oil con- 
stituents. It occurs, inter alia, in mnnv 
rm-.ilvptus oils, in Oleum dim (oil of wormsecd) 
from Artcmcsia maritima, and in oil of enjuput 
from Melaleuca minor. It finds considerable 
ti'c in pharinnc3’. 

Cineole (1) can lie obtained bv the dehydration 
of t, rpin (II), whilst on treatment with hydrogen 
chloride it 3'iclds dipcr.tcnr dihydrochloride (III), 
reactions which establish its structure. Cineole 
is extremely stable and distils unchanged over 
sodium. On oxidation with potassium ]>er- 
mangan.ate it gives cineolic acid (IV), m.p. 204 
206" ( Walla ch. Annalen, 18SS. 246, 268 ; 1890, 
25S, 319 ; 1892, 271, 20), which avhen heated 
with Water at 150° giacs cinoger.ic acid (V), 


MeC-OH 

X \ 

H,C CH, 
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H,C CH, 
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CH 


Me.COH 

II. 


MeCCl 
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H,C CH, 
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H,C CH, 
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Me,CCI 

III. 
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CH 

I 

Me„C- 
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I. 
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MeC- 
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H-d 




COjH 


IV. 


CO„H 
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CH 
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MeX 
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HnC^ \o„H 
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H,C 
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Me,d 


MeC-OH 
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H.C^ 


CO-H 


H,C CO,H 
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CH 


VI. 


MeX-OH 
V. 


J. L. S. 


CINNABAR. Native mereun- sulphide, 
(HgS), and tho onl3- ore of this metal. Its 
crystals are rhombohcdral, with perfect cleav- 
ages parallel to tho faces of the hexagonal 
prism ; tlm- are of interest c^-stallographieoliy 
in presenting the same -typo of trapczohcdral 
syimnctiy ns quartz, and, like this, they rotate 
the plane of plane-polarised light. They arc 
bright-red in colour, often transparent, and have 
a brilliant adamnntino to sub-metallic lustre ; 
tho scarlet streak is characteristic. Sp.gr. 
S-l ; hardness, 2-2J. The refractive indices 
are high : for the ordinary my 2-SI429, and for 
the extraordinary 1x13- 3-14344 for red light 
(A 672 rp.fi) ; nnd n E 3-271SS for sodium-light at 
-VC. (II. l?o=e, Centr. Min. 1912, 527). The 
rotatory power is nho very high (over 25 times 
that of quartz) : for a thickness of 1 mm. 
the angle of rotation is 555° for sodium-light nt 
1S-6'C. (II. Rose, N. Jahrb. Min. 1900, 29, 94). 
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The niwc ore, which may be con pact 
earthy in texture, is of the same colour ; but 
sometimes Jt is liver- brown or black, owing to 
the admixture of clay or organic matter, as 
m the varieties called respectively hepatic 
cinnabar and coral-ore (German, KoraUenerz). 
Cinnabar is xery sporadic in its distribution, 
and no mineral containing mercury has yet 
l>een found in the British Isles. It is mined at 
Almsden in Spain ; Monte Ami, -it* in Tuscany; 
Idria m Cnnuola ; New Almnden in California ; 
in the provinces of Kwei-chou and Hunan, ii 
central China ; and in Mexico and Peru. 

Mr/acnn^haritc is the tetrahedral-cubic modifi- 
cation of HgS, of rare occurrence as small black 
crystals Cinnabar and two other crystalline 
modifications of mercuric sulphide have been 
obtained artificially by E. T Allen and J. L. 
Crenshaw (1912) Cinnabar is the stable form 
at all temperatures up to its sublimation point, 
about 5S0°. 

L. J. S. 


with tmc-coppor couple (Thiile, Ber. 1SD9, 32 , 
1296) yields the dimeric product hydrocinna^ 
moin, (Ph-CH CH CH(OH)) t . but it may t* 
reduced to cinnamyl alcohol with iron and acetic 
acid (Pauly, Schmidt and Bohme, Ber. 1921, 
57, 1327). It is, however, best reduced by 
catalytic hydrogenation with platinum blad; 
this reaction is very sensitive to added impurity 
and by suitably adjusting the conditions either 
cinnamyl alcohol or y-phen) I prop} 1 alcohol may 
be produced (Tuley and Adams, J. Amer. Chem. 
Soc. 1923, 47, 3061) ; electronic reduction a!«o 
yields y-pbenylpropyl alcohol (Shun a, Mem. 
Coll Sci Kyoto, 1929, [A], 12, 69). 

Cinnamaldehy de is estimated in essential oils 
voluraetrically by means of hydroxylamin# 
hydrochloride (Bennett and Donovan, Analyst, 
1922, 47, 146) or sodium bisulphite (Gddemeuter 
and Hoffmann, “ Die ftthenschen Ole,” 1928, 
Vol I, p. 743) and graviroetnrally with semi, 
oxamazido (HanuS, Z. Nahr. Genussm. 1903, 
6, 817). See Aldeuvdes. 


Cl N NAM ALDEHYDE. cinnamic alde- 
hyde, C,H, CH CH CHO, occurs in a 
number of essential oils, notably in cmnamon 
and cassia oil* and forms an important article of 
commerce. It is extracted from oil of cmnamon 
by formation and subsequent decomposition of 
the crystalline sodium bisulphite compound 
(Peine, Ber 1884, 17, 2109) and from cassia oil 
by means of the double compound with barium 
sulphamlato (G P 124229). 

Cinmraaldehyde is most conveniently pre 
pared synthetically In allowing a mixture of 10 
parts of lienzaUlehyde, 15 parts of acetaldehyde, 
000 parts of water, and 10 parts of 10% sodium 
hydroxide solution to stand at 30° for 8-10 days 
| with frequent shaking , it is then isolated by 
i ether extraction (Peine, Ber 1884, |7, 2117, </. 
IIP. 10003) Two further synthetic methods 
of preparation from u chloroally lbenzcne have 
been desmbed (Bert and Doner, Corapt. rend. 
1930, 191, 332 ; Bert and Annequm, ibid. 
1031, 192, 1 313) which are capable of extension 
to substituted cinnamaldehydea. It is best 
purified by means of the double compound 
with nitric and (Dumas and Piligot, Ann. 
Chrni 1831, [hJ. 57, 322 , Pfeiffer, Annalen, 
1910, 376, 293) 

It is a colourless oil with a pleasant cinnamon- 
like odour ; m p. — 7 5° ; bp. £52° (decomp ), 

1 3CT/20 mm. ; d !** 1 0497 ; n” 1-6193. It 
should, theoretically, exist in two geometrically 
isomeric forms, and Tlourgucl (Bull Soc. chmt. 
1929, (iv], 45, 1067) has described the pure cis 
compound, bp lll v -113°/16 mm. ; d !Q 1032; 
71™ J -5C3, and its diethyl acrtaL It is volatile 
in steam, practically insoluble in water and 
miscible in all proportions w ith alcohol. It may 
lie characterised as its ph enylhydravyne, mp. 
16S% ecraicarbazonr, m p. 215", and 2 4-dmtlro- 
phenylhydrazone, tip. 243”. It forma two 
oximes, cyn-, m p 139 a , and anti-, m.p. 76*. 
the oncntation of which has been established by 
Brady and Thomas (J.CJS. 1922, 121, 2098), 

In the atr it is oxidised mainly to cinnamic 
acid f r/. Tound and Pound, J. Physical Chem. 
1931, 38, 1015) whilst more drastic oxidation 
affords benzoic and acetic acids. Reduction 


h. n. r- 

Cl N NAM El N v. Balsams, Balsam or 
Pero. 

CJNNAMJC ACID. 0-Fhen 3 hcr}hc acid, 
CjHjCH CH CO,H. The separation of a 
solid acid from old specimens of oil of cmnamon 
was first observed in 1780 by Trommsdorf. but 
the acid was regarded as benzoic acid until this 
error was corrected by Bizio in 1826. Cinnamio 
acid was first closely investigated by Dumas 
and Pehgot (Annalen, 1835, 14, 50) 

Cinnamic acid is aery widely distributed in 
nature, iho best known natural sources being 
liquid storax and tolu and Tern balsams. It is 
isolated from storax by boding with sodium 
hydroxide, followed by precipitation with 
hydrochloric acid andrccrystallisation (BeiMein 
and Kuhlbcrg, Annalen, 1872, 163, 123 ; ef. 
von Miller, ib\d 1877, 188, 190). 

It is formed by heating benzaldchy de with 
acetyl chloride at J20 o -130° (Bertagnuii, 
Annalen, 1850, 100, 120). This process was 
greatly modified and improaed by Perkin 
(J C.S. 1877, 31, 388) who heated a mixture of 
benzaidehyde, acetic anhydride and anhy drous 
sodium acetate ; this reaction, which is known 
as the Perkin reaction, is that generally 
employed in the laboratory- An improved 
procedure is desenbed by Meyer and Beer 
(Monatsh. 1913, 34, 651) and Bacharach and Bro- 
gan (J. Amer. Chem. Soc. 1928, 50, 3333) haxe 
shown that the addition of pyndino greatly 
increases the yield. The cinnamic acid u-cd in 
the early processes for the manufacture of 
synthetic indigo was prepared by this method, 
but Caro (G.P. 17467, 18232) showed that it 
could be prepared more cheaply’ by heating 
bcnzal chlondewith anhydrous sodium acetate: 

1 part of bcnzal chloride and 2 to 3 parts of 
powdered fused sodium acetate ore heated at 
l80 o -200° for 10 to 20 hours in an autoeltie 
with mechanical stirring. The melt is raised 
with water, made alkaline with caustic soda 
and steam-distilled ; the residual solution 1 * 
filtered hot, acidified, and cooled. The pre* 
cipitated cinnamic acid is filtered off ana 
reery staUised from water or alcohol. 
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Another process of technical importance 
consists in oxidising benzylidcncacctone •with 
sodium hypochlorite or hypobronntc (G.P. 
21102; Ullmann, “ Enzyklopadie der tcch- 
nischen Chemie,” 1921, Vol. IN, p 013 ; Schon- 
gin, Jssngulinnt7, end Gu»sexa, J. Gen. Chcm. 
Hun 19JI, 1, 000) 

It mav also lie obtained by condensation of 
bf nraldciijde with malonic acid in the presence 
of ammonia or certain amines (Knocvenagcl, 
Her 1898, 31, 2002 ; G.P. 97730, 104290). 

Cinnamic acid forms colourless, monoclinic, 
prismatic crystals, mp 133°, bp 300°. It is 
soluble in 3,000 parts of water at 17°, in 4 2 
parts of ethyl alcohol nt 20°, in 17 parts of 
chloroform nt 15°, and is volatile in steam. It 
may be characterised ns its amide, m p. 148°, 
p bromophcnacyl ester, m p 145°, and p-phcnyl- 
phcnaeyl ester, in p 182°. It forms crystalline 
salts closely resembling those of benzoic acid. 
Oxidising agents concert it first into bcnzalde- 
hydo (distinction from benzoic acid) and after- 
wards into benzoic acid, the final products when 
potassium perinangnnnto is used being phenyl- 
glyceric acid, bcn7nldcliyde, and bcn7oic 
anil oxalic acids (1'ittig and Rucr, Annnlen, 
1892, 288, 27). On fusion with caustic potash it 
yidd3 a mixture of benzontc and acetate. It 
may bo determined by direct titration, by 
absorption of bronuno or by oxidation to 
benzoic acid (Nicholls, Analyst, 1928, 53, 
10 ). 

It is now generally nccepted that cinnamic acid 
exists in four forms (Stobbe, Her. 1911, 44, 
2739): (1) ordinary cinnamic acid, nip. 133°; 
(2) n//ocinnnmic acid, m p. 08°; (3) and (4) two 
I'ocin riannc acids, m.p 42° and 58°. Of these 
(1) IS the traits- acid and (2), (3), and (4) tri- 
morphsof the as acid, (2) being stable and (3) 
and (1) labile (ISiilmann, Her. 1910, 43, 5G8). 
Meyer nnd Puhall (Z. physihal Chcm. 1929, 145, 
300), however, conclude from work on the 
bromine addition of the xarious forms that 
the three last arc truly isomeric nnd not merely 
pol\ morphic. This xiew is not accepted by 
Robinson and James (J.CS 1933, 1453) 

1'roin physical data Lisenlohr nnd Hass (Z 
physih.nl. Chcm. 1935, 173, 249) conclude that 
tho three ns acids aro some spccinl kind of 
rotational isomers ; this mow is contested by 
Meyer (thid 1935,174,77). 

In the polymerisation of cinnamic acid the 
following er|inlibna are set up (Stobbe ct al , 
Hir. 1919, 52. [B], COO , 1925, 58, [B], 1548, 
2)15, 2859; 1920, 59, [B], 2254) : 

long waxes 

a truxilhc acid , Irons cinnamic ncid. 

fliort x\. axes x 

long waxes 

pi truxtmc ncid tz::. .. . ~ , r is cinnamic acid, 

rliort waves 

Cinnamic acid may be reduced to ,8 phony 1- 
propionic acid ( hyjroannamic acid) by a wide 
tnnge of metlvods, among which mav be mrn- 
tiemed catalytic hxdrogonation (Panl nnd 
Genim, lkr. 1908. 41. 2277; Vnxon, Compt. 


rend. 1909, 149, 999 ; B3esehen, Rec. trav. 
ehim. 191G, 35, 270, 277, 285), reduction with 
soebum amalgam (Alexcjcw and Erlenraeyer, 
Annalen, 1800, 137, 327) and with formic acid 
in tho presence of pallaebum black (G P. 207300). 
It forms a dtbromide, m p. 201°, with bromine m 
a xanoty of solxents (SndborougU and Thomp- 
son, JCS. 1903, 83, 009 ; 1’ittig nnd Binder, 
Annnlen, 1879, 195, 140 ; Michael, J. pr. Chcm. 
1895, [li], 52, 292 ; Bcr. 1901, 34, 3004), 
while addition of hydrogen bromide gives fi- 
broma fi-phenylproptomc acid (fittig and 
Binder, l c ) other halogen by dndes bebax mg 
similarly. 

Cinnamic acid condenses with hydrocarbons, 
c g. with benzene and sulphuric ncid it forms 
phcnylhydnndonc (Licbermnnn nnd Hnrt- 
mnnn, Ber. 1892, 25, 2124), and with phenols, 
eg. with phenol, it yields hydroxyphaiylcou- 
mann [idem., ibid. 957). 

listers. — Stocrmer nnd Sandoxv (Ber. 1920, 
53, [B], 1283) have formulated the general rule 
that the esters of cis- forms of substituted 
cinnamic acids linvo lower boiling points than 
those derived from tho corresponding Irons- 
acids. 

Methyl etnnamale — Crystalline solid, nip 
30°, b p 263°, 127°/10 mm. 

Ethyl etnnamale is obtained directly' by tho 
condensation of bcnznldehyde nnd ethyl 
acetate by means of sodium (Clnisen, Bor. 
1800, 23, 077 ; Posner, J. pr. Chcm. 1910, 
[11], 82, 435; B.P. 4909, 1890 ; G P. 53071 ; 
Marvel nnd King, Orgnnic Syntheses, 1929, 
9, 38). It is a colourless liquid, bp. 271°, 
144715 mm. 

Substituted Cinnamic Acids. — a-Nitroannamtc 
acid was formerly of importance for the manu- 
facture of synthetic indigo. Nitration of tho 
free acid (Mflllcr, Annnlen, 1882, 212, 120) or 
of the ethyl ester (Pnedlundcr, “ rortschntte 
der Tcerfarbenfabnkatior,” 18SS, 1, 125) 

yields a mixture of the o- nnd p nitrocompounds 
which are separated by taking advantage of tho 
insolubility of ethyl p-nitrociiinaniite m alcohol 
(Drew sen, Annalen, 1882, 212, 150). o Nitro- 
cinnamic acid exists m two forms. Irons-, 
m p 210°, and cis-, m.p 143°, the former being 
produced by nitration ; similarly it is tram, p- 
nitrocinnnmic acid, 111 p. 280°, which is formed 
by nitration, the cis- acid melting nt 143° [see 
Cap.iioxv i jo Acids). 

H. N. R. 

CINNAMIC ALCOHOL, Cinnnmyl alcohol 
CjHj CH:CH CH.-OH 
(AND ESTERS). Cinnnnnc alcohol is a 
synthetic perfume with a soft hyacinth 
odour, nnd is used ns such nnd ohu in the 
form of its esters in modem perfumirx. 
Pure cinnamic alcohol melts at about 3V, 
but commercial samples often contain trmes of 
impurities which kiep it in a liquid condition. 
Bp. 257"-25S° ; d 3 / 1 0 102 ref index, about 
1 08O. Cinnnmyl acetate, butyrate, and cinna- 
mnte which nre used as synthetic jvertumes 
have balsamic odours, and are of value in 
impart mp special nondescript odours to com- 
pound perfumes 


E. J. P. 
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CINNAMON and CASSIA. In the 
United States the terms cinnamon and cassia 
are used almost indiscriminately, although it is 
there recognised that, strictly speaking, they 
Wong to two entirely separate trees. In Great 
Britain they are treated as separate entities 
even in commerce, the price of cinnamon being 
two or three times that of cassia. For 
convenience the two spices are treated 
together. 

Cinnamon is the dried inner hark of Cinna- 
momum ztylamcum Nees (Fam. Lnurace*), a 
tree which grows to a height of 20 to 30 feet 
and which is native to Ceylon In practice, 
the young trees are pruned to produce a straight 
stem, which is then rut back and shoots are 
allowed to grow out from the stump The 
branches are cut when they are between 1 and 2 
rm. in diameter , the bark is 6ht longitudinally 
with two or more cuts and horizontally every 
30 cm., and removed by copper or brass knives 
to prevent discoloration of the tannin The 
strips are made into mats and allowed to 
ferment, after which the outer epidermis and 
the cortex are removed, leaving only the inter- 
mediate lajcr of the bark The narrower 
pieces are then placed inside larger ones and 
tbo whole curled together to make, when dried, 
the quills of commerce. The outer surface is 
dull and pale jellowish-brown in colour, the 
inner aurface being light brown and marked 
with faint longitudinal etnationa On the 
outer surface, the longitudinal atriations are 
more definite, and there are frequent scars and 
sometimes boles due to leaves The bark is 
very bnttlo and breaks with a splintery fracture 
The odour is fragrant and the taste sweetish and 
warmly aromatic. 

Cassia is the dried bark of Cinnamomvm 
Cassia ISIume(Fam Lauracea>),and leas care is 
taken with its cultivation than with genuine 
cinnamon. The outer bark is partly removed by 
shaving, but much of this and the whole of the 
innermost bark are loft in the quills, making 
them thicker and stronger than those of cinna 
mon. The colour w dark earthy-brown with 
occasional patches of a greenish colour showing 


where the outer surface of the bark still persists 
The fracture is short and granular hut hhrous 
on the in«ide. The odour and taste are similar 
to but coarser than those of cinnamon, and the 
taste is also more stringent and sbghtly mucila- 
ginous. 

J/icroacopie Examination of the two barks 
shows many similarities. In true cinnamon the 
sclerenchymatous cells form an uninterrupted 
nng, whereas in cassia there is an uninterrupted 
ring duo to the outer bark, but in the inner 
bark, corresponding to the portion used for 
cinnamon, the sclerenchymatous cells do not 
form a continuous ring. These cork cells of the 
outer bark of cassia are much smaller than 
those of the inner portion. The eclerenchy. 
matous cells of the phelloderm, or inner bark, 
are sbghtly elongated tangentially, but thickened 
on the inner walls, this thickening being more 
conspicuous with cassia than with cinnamon 
The number of etarch grams is about the same 
m both barks, although cassia starch grains 
are larger than those of cinnamon The bast 
fibres of both barks are large and thick walled, 
being larger in cn»sia than in urmamon Moat 
of the secretion cells of both barks are 
empty, though some are filled with jcllownh 
volatile oil or re=in Both barks contain 
minute prismatic crjstals of calcium ox- 
alate 

Both cinnamon and cassia are largely emploj ed 
an flavouring materials and also for their car- 
minative properties Cassia buds are used as 
well as the barks for the distillation of the 
essential oils, and the leaves of both trees oro 
distilled for their oils, but these latter differ 
considerably from the bark oils. 

Chemical Composition — Livcrseoge (" Adul- 
teration and Analysis of Foods and Drugs,” 
1032, p. 427) Winton, Ogden and Mitchell (22nd 
Ann Repoit Conn. Exp Sta 1898, 201), 
C Arngon (Ann. Fnlsif. 1915, 8, 313), 
and Richardson (U S. Dept of Agric. Div. of 
Chem , Hull. 13, 221) all record figures for the 
composition of cinnamon and cassia, and unco 
these vary considerably they are quoted 
separately m the following tabic 



CltVAKOV 

Cassu 

Author . . 

LlTerscegc 

Winton, etc 

Arragon 

Richardson 

\\ Inton. Mr 

Arragon. 

RlclinrJjon. 

.'e oj tan pits 

approx. IS 

0 

= 

= 

20 

2 

* "1 

Moisture 

8 9-40 5 

7-79-10 48 

8 2-11 4 

6 4-7' 3 

C 5~fl 9 

105-n 0 

9 3-17 4 

Ash . 

3 9-60 

4 2-6 0 

35-43 

3 4— » 5 

30-62 

1 9-2 9 

2 5-8 2 

Sand 

Cold alcohol 

0 01-0 6 

0 02-0-13 



0 02-2 42 



extract . 

7-8-13 0 

100-13 0 



4G-1C7 


05-35 

Volatilooil . 

0 5-1 1 

0 7-1 0 

25-2 8 

0-8-1 1 

0 9-5-1 

26 

Fixed oil 
Starch and 

1-1-3 3 

1-35-1 CS 

0 5-12 

1 0-1 7 

1-3-41 

1-3-1 -5 


reducing 


16 0-22 0 

193-226 


16 9-32 0 

31-7-33 9 

14 3-203 



34-4-38 5 

31-4-34 7 

25 0-33 1 

17 0-2S 8 

25 2-20 0 

Protein . . 


3 2-4-1 

34-4 3 

30-38 

33-54 

3 1-3 4 
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Tlic principal constituent is the essential 
oil, and this is probably determined most 
satisfactorily by the method of Cocking 
and Middleton (Quart. J. 1’harm. 1935, 8, 
•133). The powdered bark is mixed with brine, 
distilled, and the vapours passed through the 
top of a condenser into a graduated tube, into 
which a small quantity of turpentine lias been 
previously distilled to make the mixture lighter 
than water, the condensed wafer itself being 
returned to the distillation flask. An air inlet 
nnd outlet is provided by a side tube between 
the bottom of the condenser nnd the graduated 
tube. Cinnamon bark contains from 0-5 to 
]•()%, nnd cassia bark from 0-5 to 2-0% of 
volatile oil, ns distilled in commerce. 

Standards. — The “ British I’harmacopccia ” 
requires that cinnamon shall contain not more 
than 7% of nsh, nnd acid insoluble ash not 
more than 2%. 

Adulteration. — Cassia bark is often supplied 
instead of the truo einnnmon, whilst other 
species of cinnamon nnd cinnamon from the 
true Cinnamomum zcylanicum, but grown 
wild in Seychelles, are passed ofT for cither bark. 

T. McL. 

CINNAMON BARK, ESSENTIAL 
OIL OF. The oil distilled from the bark of 
Cinnamomum znjlnnicu m Xces (Fnm. Laurnccre), 
n small tree indigenous to nnd cultivated in 
Ceylon. An inferior oil is produced in the 
Seychelles, where the treo is cultivated. The 
oil is distilled mninly from the chips nnd refuse 
bark after the collection of tho cinnamon quills 
for the spico trade. Formerly a mixture of 
bark nnd leaves was used for distillation, but 
the oil thus obtained contains a considerable 
amount of eugenol nnd is not suitnblo for use in 
medicine. The finest oil is produced in limited 
quantities and is an expensive product. 

Constituents. — The main constituent is cinnn- 
maldehydc. I’inene, phellandrene, nnd cyincne 
nre present, nnd traces of mcthyl-a-nmyl ketone, 
bcnzaldchydc, nonaldehydc, furfural, linalool, 
nnd caryophyllcno. 

Characters. — A pale yellow oil becoming darker 
on keeping, sp.gr. 1 000 to 1-010, opt. rot. 
0’ to -1° at 20’, «J° 1-565 to 1-591. Soluble in 
•1 volumes of 70% alcohol. Cinnamaldchydc 
content, 50 to 05% (“British Fhnrmncopadn ” 
standard), determined by the hydroxylaminc 
method. English distilled oils usually comply 
witli these requirements, but less fragrant oils 
containing up to 75% are found in commerce 
at loner prices. Inferior oils containing ad- 
mixtures of artificial cinnamaldchydc nnd dis- 
tilled cassia oil are offered on the English market. 
It should be notcil that the cinnamon oil official 
in the " I'nitod States Pharmacopoeia ” is re- 
distilled eas«ia oil (q.v.). The .Seychelles oil of 
cinnamon bark contains only 20 to 35% of cin- 
nnmnldehyde and is not soluble in 70% alcohol. 

C. T. B. 

CINNAMON LEAF, ESSENTIAL OIL 

OF, The oil distilled from the leaves of 
Cinnamomum zeylanicu m Xces (Fnm. Lanracc.-e) 
differs entirely from the oil obtained from 
the bark of the same tree (r. Cinnamon Bauk. 
1-mkxtiu. t)n. or). It is produced in large 
quantities in Ceylon nnd nbo in the Seychelles. 


It is used in soap perfumery nnd constitutes a 
valuable source of eugenol. 

Constituents. — Eugenol, i-a-pinene, f-phellnn- 
drene, dipentene, benzaldehyde, linalol, ter- 
pineol, bomeol, gernniol, safrole, a- nnd ft- 
caryophyllene, benzyl benzoate, cinnamalde- 
hvde, cinnamyl nlcohol, and traces of other 
alcohols nre present. 

Characters. — Sp.gr. 1-040 to 1-0C0, opt. rot. 
— 1° to-S 0 at 20°, n'p 1-530-1-545, phenolic, con- 
stituents 70-90%. Soluble in 3 x-olumes of 70% 
alcohol. Tho phenolic constituents nre deter- 
mined by adsorption in the cold xvith aqueous 
5% solution of potassium hydroxide. 

C. T. B. 

C INNA MON-STONE or HESSONITE. 
A gem-x-aricty of garnet of a xvnrm reddish- 
brown colour (hence the name) and transparent. 
It is essentially an orthosilicato of calcium and 
aluminium, CajALSijOj,,, containing, however, 
isomorphous replacements of iron, manganese 
nnd magnesium. Brilliant crystals are found in 
\-eins in serpentine at Ala in Piedmont, but 
material of the best gem-quality is found ns 
pebbles in the gem-gravels of Ceylon. 

L. J. S. 

CINOBUFAGIN v . Cardiac Gi.ycosides, 
Toad Poisons. 

CITOBARYUM. Prepared barium buI- 
pbatc for use ns a barium meal (Merck, Darm- 
stadt, Napp, London), B.P.C. 1934. 

CITRALS, THE. 

Cilral a. ( Gcranial .) 

CMe,:CH-CH,-CH,-CMe 

‘ II 

HC-CHO 

CH.:CMe-CH,-CH,-CH,-CMe 

‘ - - y 

HC-CHO 

Cilral h. (Ncral.) 

CMe„-.CH-CH„CH,-CMe 

‘ ' II 

OHC-CH 

CH„-.CMe-CH„-CH,-CH„-CMe 

‘II 

OHC-CH 

Citral is tho most important natural acyclic 
aldehyde of tho terpeno Pcries. It occurs very 
widely distributed in nature and it forms the 
main constituent of lemon grass oil (from 
Ctjrn bopoqonjlcxuosus Stop / ) . It finds xrido tech- 
nical application both directly in the perfumo 
industry nnd also indirectly for synthetic 
purposes. The natural aldehyde is a mixture of 
the four aldehydes represented by the formula- 
given at the head of the section. 

Cilral a, C t0 H ts O, b.p. 118-119720 mm., 
d-° 0-SS9S, 1-4S91, is most readily obtained 

from lemon grass oil, of which it forms approxi- 
mately 90% of the nldehydo content, by the 
preparation of its crystalline sodium bisulphite 
compound (Tiemnnn, Ber. 1899, 32, 117; 
1 libber! nnd Cannon, J. Amor. Cbem. Soc. 
1924, 46, 119). It yields a setnicarbazonc, m.p. 
164". It is obtained also, almost free from 
citral b. by the oxidation of gcraniol (Zeitschc-1, 
Bcr. 1900, 39, 17S7). 
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Citral b, bp. 117-1 1S°/1 20 mm, d* 0-SSSS, 
>ip 1 -49SI, temicarbazone, m p. 171°, is separated 
from citra! a by taking advantage of the more 
ready reaction of the latter with cyanoacetic acid 
(Tiemann, Ber. 1800,32, 120) It van be obtained 
al«o by the oxidation of nerol. Both aldehydes 
are, when freshly distilled, colourless liquids 
with a characteristic odour ; they oxidise rapidly 
on exposure to the air becoming yellow in colour. 

The structures assigned to the two aldehydes 
follow from their preparation by the oxidation 
of the primary alcohols geraniol and nrrol 
On oxidation with silver oxide citral yields 
perome add (Semmler, Iter. 1890, 23, 296o, 
3336), which is obtained also by the conversion 
of citral oxime into gcramonitnle followed by 
hydrolysis (Tiemann and Semmler, Her 1S93, 
28, £717). On oxidation with potassium 
permanganate followed by chromic acid citral 
yields a mixture of acetone, levulmic and oxalic 
acids (Tiemann and Semmler, Bcr. 1893, 28, 
£132) In acreement with these results Harries 
(Bor. 1903. 38, 1933 . 1907. 40, 2S23 ; Annalen. 
1903, 343, 351 ; cf. Gngnaril, Doeuvre and 
Escourrou, Bull Soc chim. 1924, 35, 932) has 
found that the citral semicarbazoncs, yield on 
oxidation with ozone, formaldehyde, acetone, 
lx-Mihnaldehyde and probably glyoxaL Con 
firmation of the structure assigned to the 
aldehydes is provided also by their degradation 
by alt all to tnelhyUttpUnone. 

Citral has been prepared synthetically by the 
distillation of a mixture of calcium geranate and 
calcium formate (Tiemann, Ber. IS98, 31, 628). 

Citral can be characterised by the preparation 
of a number of derivators and since m essential 
oils citral a predominates derivatives of this 
aldehyde are as a rule obtained In addition 
to the semicarbazoncs referred to above, 
suitable derivatives are a-eifiyirfene cyanoacetic 
acid, ra p. 122* , b-eifrylirfene cyanoacetic acid, 
m p. 94°, and a-citryt 8-naphthocinchonic acid, 
m.p. 198-200*. 

On catalytic hydrogenation in tho presence of 
colloidal palladium citral yields a mixture of 
eitroncllol and ntroneUal (Skita, Ber. 1909, 43. 
1634) ; and with platinum black a mixture of 
2 6-dimcthyIoetane and 2 6 dimethj lottanol is 
formed (Vavon, Ann. Chim. 1914. [ix). 1, 169), 
whilst with platmic oxide Adams and Garvey 
(J. Atncr. Chcm. Soc. 1926, 48, 477) obtained 
geraniol, citronejlol, and 2 C-dimethyloctanol. 

Citral shows a marked tendency to undergo 
cy clisation passing into p cy tneno m the 
presence of mineral acids, if, ‘however, cither 
of the isomcnc citrybdeno cyanoacetic acids is 
heated with ddute sulphuric acid a mixture of 
o- and p cyciocitryhdene cyanoacetic acids is 
obtained, w Inch yields on by drolysis with alkali 
a • and f! cyclocitrals (I) and (II). the latter 
being formed in the larger quantity (btrubch 
G.I*. 108333 ; Tiemann. Ber. 1900. 33, 3709) 
Haarroann and Rcimer (G.P. 123747) have 
shown that the treatment of the condensation 


product of citral and aniline with concentrated 
sulphuric acid gives a mixture of the cyrlo- 
citrals. Sterling (Ber. 1908, 41, 2064) has also 
described methods for the preparation of these 
cyclic aldehydes. 

CMe, CMe, 

H.C^ CHO H.C^ CHO 

ii in 

H.C CMe H.C CMe 

\ ^ 

CH CH, 

I. II. 

For the separation of a-cyrlocitraj, b p. 
90-95720 mm., d 15 0-925, scmicarbazone, tip, 
200°, advantage is taken of the fret that when, a 
mixture of the two aldehydes is reduced with 
sodium amalgam /J-rye/ocitral is converted into 
high boding products whilst a-eyrfoeitral u 
not attacked. It yields on oxidation a-cyclo- 
Jerome acid, mp 103 5*. It condenaes with 
acetone to yield a wnone. p Cyrtocitral, bp 
lI2-114°/29 mm, d lw * 0 9386, nj, 1 * 1 4970, 
semiearbazone, m p. 166-167°, is obtained fire 
from a-cyc/ocitrsl by distilling a mixture of the 
semicarbazones of the two aldehy des in steam m 
the presence of phthabe acid when only fi-cyelo- 
citral semiearbazone is hydrolysed. On oxida- 
tion it gives a mixture of fi eyefogerame and 
geromc acids. It condenses with acetone to 
give p lonone. 

Citral a condenses with acetone to yield 
a pseudoionone, bp. 159-165720 mra , d* 
0 8954, n D 15317, semiearbazone, mp 142*, 
whilst from citral 6 p pseudoionone, bp 146- 
I50*/15 mm, d” 0-893, n D 1 53446. *cmi. 
carbazone, m p. 143-144°, is obtained (Tie- 
mann, Ber. 1893, 31, 2318 ; 1899, 32. 827; 
1900, 33. 832; Friedlinder III. 889 ; G l*. 
122466, 127G61, 130457; Hibbert and Cannon, 
J. Amer. Chem. Soc. 1924, 46, 119) Analogous 
compounds with other ketones have been 
prepared (G.P. 150771). JL.S 

CITRAURIN. This pigment, which 
separates in red needles from aqueous methyl 
alcohol, m p. 144-145°, is one of several caro- 
tenoids which pigment the npo orange (Cifni* 
aurantium), others being kryptoxanthm, xea- 
xanthin, lutem, carotene, and Tiolaxanthin 
(Zcehmeistcr and Tuzson, Ber, 1936, 69. [B], 
1879). Citraunn, a polyene aldehyde, exhibits 
absorption maxima at 486 and 457 tap. in carbon 
disulphide , the oxime, in p. 181-182®, possesses 
absorption maxima at 504 and 473 tap in carl»n 
disulphide The structure (I) was proposed for 
citra urm ?>y Karrer and Solmssen (Hclv. Cbtra. 
Acta, 1937, 20, CS2) ; this has been established 
by Zcchmeister and Cholnoky (AnnaJen, 1037, 
530, 291) who effected the degradation of 
capsanthm to citraunn by heating tn * 
scaled tube with aqueous alcoholic putasjiun 
hydroxide. 


C CH CH CMt CH CH CH CMt CH CH CH CH CHt CH CH CH CM* CHO 
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Citraurin is aI»o obtained by the partial oxida- 
tion of 7eaxantbin with potassium permangan- 
ate (Knrrer, Solmsscn and Gugclmann, Ilelv. 
Chim. Artn, 1937, 20. 1020). 

I. M. H., B. F. P., and F. S. S. 

CITRIC ACID, C c H 8 0.. Occurrence . — 
This acid occurs in the free state in the juice of 
many acid fruits such ns lemons, currants, cran- 
I jerries, limes, etc. It is also found free or as 
salts in the seeds and juices of many flowers 
and plants. It is n constituent of wine, milk, 
cheese, and animal tissues and fluids. 

Synthesis. — T/ic acid can be prepared from 
aym-dichloroarctone by treatment with hydro- 
cyanic acid and hydrochloric acid, whereby di- 
chloroacetonic acid is formed. This is then 
neutralised with sodium carbonate and heated 
with potassium cyanide. The resulting solution 
of dicyanoacetonie acid is saturated with hydro- 
gcnclilorido and heated on a water bath 
for 15 hours. The eitrio acid formed can bo 
separated ns calcium citrate by neutralising with 
milk of lime (Grimnux and Adam, Compt. rend. 
1880, 90, 1252). It has been prepared by the 
action of potassium cyanide and hydrochloric 
acid on ethyl acctoncdicarboxylnto (l)unsch- 
mnnn and von I’cchnmnn, Annalcn, 1801, 261, 
102). Ethyl citrate has been obtained in small 
quant it ies by heating together ethyl bromoacetato 
and ethyl oxalylncetato in the presence of 
rinc (Lawrence, Chora. Soe. Proc. 1897, 13, C5). 

Physical Properties . — Citric acid crystallises 
from cold aqueous solutions with 1 mol. of water. 
The crystals belong to the orthorhombic system 
{Groth,CbcmischoKr3-stnllographic,1910,3,475), 
and linvo n sp.gr. of 1-553. They arc stable in 
air of ordinary humidity but lose water rapidly 
in dry air (Mnrehnnd, J. pr. Chcm. 1812, [i], 23, 
(11). On warming slowly they soften at about 
7(T-7.V > with loss of water and finally melt 
completely between 135° and 152° (Buchner and 
Wit ter, Per. 1 892, 25, 1 1 00). If the crystals arc 
rapidly heated they melt at about 100°, then 
solidify as they become nnhvdrous, and melt 
sharply at 153° (Meyer, Ber.' 1903, 36, 3599). 
The acid is obtained nnhydrous by cooling its 
hot. concentrated solutions (Buchner and Witter, 
l.r. ; Meyer, l. c.). The mean transition point at 
which the nnhydrous and hydronted forms may 
separate from solution is 3G'3°±0-15° (Bennett 
and \ uill, J.C.S. 1935, 130). The latter workers 
giro a crystallographic description of the 
nnhvdrous form of citric ncid which crystallises 
in tho liolohcdrnl class of the monoelinic system. 
The melting-point of tho anhydrous crystals is 
given ns 155-157° and tho density as rf] 8 (vac.) 
1-065. Citric ncid is optically inactive. The 
dissociation constant of the first hydrogen atom 
is 8-2xlO~* at 18° (Kolthoif nnd Bosch, Bee. 
trav. chim. 192S, 47, 558) nnd tho values for the 
Fcrond nnd third hydrogen atoms arc given ns 
l-77x 10~ 5 nnd 3-9xl0~ 7 respectively. The 
ordinary crystallised ncid dissolves in about 
half its weight of boiling water. Aqueous 
solutions have, according to Gerlnch (Z. anal. 
Chcm. 1SG9, 8. 295), tho sp.gr. at 15° given 
>n the table at head of next column. 

A 25% solution boils nt 101-S°, a 50% solution 
at 105 b°. The ncid is very soluble rn alcohol 


Acid % 

Sp.gr. 

Acid % 

Sp.gr. 

1 

1-0037 

34 

1-1422 

2 

1-0074 

35 

1-1467 

3 

1-0111 

36 

1-1515 

4 

1-0149 

37 

1-1564 

5 

1-0186 

38 

1-1G12 

6 

1-0227 

39 

1-1061 

7 

1-0268 

40 

1-1709 

8 

1-0309 

41 

1-1756 

9 

1-0350 

42 

1-1814 

10 

1-0392 

43 

1-1851 

11 

1-0431 

44 

1-1899 

12 

1-0470 

45 

1-1947 

13 

1-0509 

4G 

1-1998 

14 

1-0549 

47 

1-2050 

15 

1-0588 

48 

1-2103 

16 

1-0G32 

49 

1-2153 

17 

1-0675 

50 

1-2204 

18 

1-0718 

51 

1-2257 

10 

1-0762 

52 

1-2307 

20 

1-0805 

53 

1-2359 

21 

1-0848 

54 

1-2410 

22 

1-0889 

55 

1-2462 

23 

1-0930 

56 

1-2514 

24 

1-0972 

57 

1-2572 

25 

1-1014 

58 

1-2627 

20 

M0C0 

59 

1-2683 

27 

1-110G 

GO 

1-2738 

28 

1-1152 

G1 

1-2794 

29 

1-1198 

62 

1-2849 

30 

1-1244 

G3 

1-2904 

31 

1-1288 

04 

1-2960 

32 

M333 

C5 

1-3015 

33 

1-1378 

GG 

1-3071 


and moderately bo in ether. At 15° the solubility 
of the crystallised acid in 100 parts of alcohol is as 
follows : in 80% alcohol 87 parts of the ncid ; in 
90% alcohol 52-85 parts ; in 100% alcohol 75-90 
parts (Schiff, Annalen, I860, 11 3, 190 ; 

Bourgoin, Bull. Soc. chim. 1878, [ill, 29, 
244). 

100 parts of anhydrous ether dissolve 9-12 
parts of the crystallised acid (Lippmann, Ber. 
1870, 12, 1650). 

Chemical Properties . — When heated to 175° 
citric ncid is partially converted into aconitic 
acid (Crasso, Annalcn, 1840, 34, 56), tho re- 
mainder losing water to form carbon dioxide 
and ncctoncdicarboxylic ncid which immediately 
breaks down to carbon dioxido and acetone. 
Beyond 175° an oily distillate appears which 
yields crystals of ilaconic acid. At still higher 
temperatures cilraconic anhydride is formed ns 
an uncrystallisable oil (Anschutz, Ber. 1880, 
13, 1541). When citric ncid is digested with 
slightly fuming sulphuric ncid (von Pechmann, 
Ber. 18S4, 17, 2542) or oxidised with potassium 
permanganate solution at 35° (DcnigLs, Compt. 
rend. 1900, 130, 32) acclonedicarboxylic acid is 
formed. At higher temperatures potassium per- 
manganate solution gives oxalic acid (Phipson, 
J.C.S. 1SG2, 15, 142). By fusion with potassium 
hydroxide oxalic and acetic acids are formed 
(Liebig, Annnlen, 1838, 26, 15S). Citric acid 
is fermented by numerous moulds, yeasts and 
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bacteria (Kayser, Chem. Zentr. ISD6, 1, 5S3 ; 
Bruce, J. BioL Chem. 1934, 107, 119). 

Salts. — Citric acid is tnbasic and forms three 
classes of Balts The gaits with the alkali 
metals are readily soluble in water ; the neutral 
salts of the alkaline earths are only sparingly 
soluble. The ca/cium salt, Ca, (C 
is less soluble in hot than in cold water and can 
be dried at 100’ without loss of water of crystal- 
lisation. If the moisture content exceeds 
10-12% calcium citrate is liable to decompose 
when stored at room temperatures. Wben 
precipitated in a crystalline state its solubility 
in water is 1 in 1180 at 14°, and 1 w 1730 
at 90-100°. When thrown down in an amor- 
phous condition the solubility is greater, \ in 
707 at 18°, and 1 in 1,123 at 100° (Warington, 
J C S 1875, 28, 939) Citric acid readily 
forms stable double citrates and hence the 
hydroxides of many metals are not precipitated 
by alkalis in the presence of citric acid Feme 
ammonium citrate, which is used for medicinal 
purposes, is prepared by evaporating a solution 
of feme citrate in ammonia on glass plates, the 
red compounds contain 20 5 to 22 5% Fe, and 
the green 14 to 16% Fe 

Acyl Derivatives and Esters.— The acetyl 
derivative of citnc anhydride is prepared by 
warming the acid with acetyl chloride on a 
water bath, dissolving it in lukewarm water and 
keeping in vacuo over concentrated sulphuric 
acid. The colourless syrup soon deposits s hinin g 
crystals of aceloetlnc acid which are very 
soluble in water and melt at I3S o -140' (Easter- 
field and Sell, J C S. 1892, 61 , 1005) Methylene, 
citnc acid is prepared by heating citnc acid with 
four times its weight of polytnenc formaldehydo 
at llCF-lCO’, and allowing the melt to crystallise 
^Steinberg, Chera Zentr 1902,1,299) The pure 
crystals melt at 208°. Tnmrlhyl citrate is ob- 
tained by bubbling hydrogen chloride into a 
mixture of anhydrous citnc acid and absolute 
methyl alcohol for 2 hours, then refluxing for 
C hours, and finally crystallising from water and 
purjfyng by distillation It melts at 75 5° 
and boils at 9S°/0 2 mm. (Donaldson, McCleary 
and Degcnng, J. Amer. Chem Soc 1934, 56, 
459) In the same pa peran account is given of the 
preparation of prop’ll, butyl, and amyl dimethyl 
citrates by the alcoholysis of triraethyl citrate 
in the presence of the corresponding alcohol and 
4>-toluenesulphonic acid as a catalyst 

Detection. — Pure citnc acid is easily recog 
msed by the action of heat. It evolves an aend 
odour and yields an oily distillate which forms 
crystals of itaconie acid on cooling (Stevens, 
Ind. Eng Chem 1024, 16, 155). A solution of 
calcium chlonde added to a neutral solution of 
citnc acid produces no precipitate in the cold, 
but calcium citrate. Ca,(C | H 1 0 7 ) t .4HjO, is 
thrown out of solution on boiling \arious 
suggested methods for the detection of citnc acid 
in mixtures, depend on the insolubility of some of 
it* metallic salts such as the calcium aalt (Kunz, 
Analyst, 1900, 25, 40), the banum salt 
(Brocrlsmit, J.SC.I. 1920, 39. 173A), and the 
lead salt (Frcsenius and Grflnhut, Analyst, 
1913, 38. 55). Others depend upon the forma- 
tion of aeetonedienr boxy lie Vieid, which form* a 
aparingly solulle mercunc double salt (Dcnigfcs, 


Compt. rend. 1900. 130, 32), gi\es acetone on 
boding (Taufel and Schoierer, Z. Untm, 
Lebensm. 1936, 71, 297) and which can be 
converted into insoluble pentabromoacetone 
by the action of potassium permanganate and 
bromine (Stahre, Analyst, 1895, 20, 18S). 
Thnnberg (Biochem. Z. 1929,206, 109) desenbes 
a method using citric dehydrogenase from 
cucumber seeds and the methylene blue 
technique. It is difficult, however, to obtain 
concordant results by any of these method* 
Precipitation of the metallic salts fads to 
distinguish citnc acid unless it can bo obtained 
fairly pnre and in comparatively large quantity. 
Owing to the instability of acetonedicarboxyhc 
acid even at room temperatures, methods 
depending on the formation of this compound 
aro liable to give erratic results. Thunberg's 
method is only smtablo for very small quantities 
of citric acid and requires special technique. 
The various methods have been reviewed by 
Elsdon and Lees (Analyst, 1933, 58, 328) who 
consider that those depending on the formation 
of pentabromoacetone are tho mo«t satisfactory. 
They have found that a preliminary extraction 
with ether increases the Ben9itmty of Ktinz’s 
pentabromoacetone test (Analyst. 1910, 41,378) 
and recommend the following procedure : 200 g 
of the substance to be tested are treated with 
50 c c of ether in a stoppered flask for 20 hours. 
Tho ethereal solution is removed, evaporated 
to dryness, and the residue dissolved m lOcc 
of water. This solution n treated with 1 c c. of 
sulphuric acid (1 : 1), 0 3 c c of 37 5% potassium 
bromide solution, and 1 c c. of 6% potassium 
permanganate solution. Tho mixture is heated 
for 5 minutes at 45°. Any trace of manganese 
dioxido is removed by tho addition of ferrous 
sulphate solution containing sulphuric acid. 
If, after this treatment, any pmipitato is 
present, citnc acid is indicated. Under these 
conditions 0 1 g. of citno acid can bo detected 
even in tho presence of 100 g of tartnne acid 
and 100 g. of sucrose 

Manofactfre. — For many years the main 
source of citnc acid was tho citrus fruits, chiefly 
lemons, pineapples, bergamots and limes, grown 
in Italy, Sicily, West Indies, California and 
Asia Hinor. Since tho development of the 
industnal .fermentation processes an increasing 
quantity has been manufactured by these 
methods 

Lemon, Bergamot and Lime Juices — lemons 
aro the pnncipal source of citrus juice used for 
preparing citnc acid and they are obtained 
chiefly from ItAly and Sicily. The best and 
npest fruits aro chosen for export and the rest 
aro used for tho preparation of juice and 
essential oil. Tho fruits are cut in half and the 
peel, which contains tho essential ou, U 
separated. Tho juice is pressed from tM 
pulp and conveyed to a measuring tank, The 
pulp is often leached onco or twice with water 
and pressed again before discarding. The 
juices are then allowed to undergo a short 
fermentation which precipitates some J 1 * 
impurities, but involves no appreciable low* 01 
citric acid. The juice is very difficult to filter 
unless this fermentation takes place. The 
filtered Juice is a clear amber-coloured hT»“ 
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containing about 4% of citric acid, and it can be 
turd at once for the preparation of the acid. 
The juice in, however, usually concentrated until 
its sp.gr. is 1-24 and exported ns such, in order to 
avoid tho tariff imposed by many countries on 
the manufactured acid. Many manufacturers 
prefer to prepare tho calcium salt, which is Jess 
costly to pack and transport. Besides free 
citric acid, citrates and certain other acids, 
such ns malic, nconitic, formic, ncctie, propionic 
acids, and their salts nre usually present in 
citrus juices. The acidity does not, therefore, 
give the true content of citric acid. Citric acid 
in such liquors is estimated by a method 
described later, depending on tho separation of 
insoluble calcium citrate. About 8% of the 
total acid in concentrated Sicilian lemon juice 
is not precipitablo ns calcium citrate. Con- 
centrated bergamot juice Jins a similnr sp.gr. to 
lemon juice, but a lower acidity, usually about 
32% C e H s 0.,H 2 0. About 13% of tlio total 
organic acid is not prccipitablc ns calcium 
citrate. Concentrated lime juice has a sp.gr. 
of about 1-32 and an acidity of about GG% 
C c H„0-,H..O. About 10 to 14% is not 
prccipitablc ns the calcium salt. The following 
table due to Grosjean (J.C.S. 1S83, 43, 333) 
gives analyses of commercial samples of con- 
centrated lemon and other juices : 



Density 

Acid (reckoned 
as citric ncid) In 
oi. per gallon. 

Propor- 
tion of 
preclpi- 
tnblc to 
100 or 
free ncid. 

Free 

acid. 

Total 

acid 

prceipl-! 

table. 

Lemon Juice: 

| 




Average of 05 





samples . 

1-241 

02-1 

61 -0 

09-2 

.Sample A 

1-240 

05-8 

G9-7 

90-7 

Sample B 

1-235 

0-1-9 

55-7 

80-8 

Bergamot Juice: 





Highest . 

1-235 

47-9 

48-5 

101-4 

Lowest 

1-235 

52-3 

49-9 

95-4 

Lime Juice : 





Sample A 

1-320 

108-3 

99-8 

02-2 

.Sample B 

1-205 

59-2 

53-9 

1 

91-1 


Citric acid is usually prepnred by way of the 
calcium salt. The juice, if concentrated, is 
diluted with water and run into n vnt fitted with 
a steam heater and stirrer. The temperature 
is raised to 00°, and sufficient hydrated lime of 
high nurity is added to neutralise 00% of the 
total acid estimated ns citric acid. Chalk is then 
added to neutralise the remaining 10% of the 
total arid, and an excess of 7 kg. of chalk for 
every 3,700 litres of juice is nko added. When 
the operation is completed a sample should no 
longer effervesce when more elinlk is added. 
'Ihe liquid shows a slight acidity of about 0-15 
to 0-20% C e H f O.,H.O. This acidity remains 
however great the excess of elinlk. When the 
neutralisation is finished the mixture is lioilcd 
for Pi minutes and the precipitated calcium 
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citrate washed with boiling water until the wash 
water has only a faint pale-straw colour. It is 
not advisable to neutralise completely with lime, 
as dark-coloured impurities are thrown down 
which are afterwards difficult to remove. Both 
the lime and tho chalk should bo as pure a3 
possible, since alumina, magnesia, iron and 
phosphates interfere with the precipitation 
of citric acid, and cause appreciable losses of tho 
acid. At a later stage in the process a washing 
of calcium Bulphato takes place. This wash is 
used as a medium in which to suspend tho 
calcium citrate. This mixture is slowly run 
into a vat containing sufficient sulphuric acid to 
dccomposo tho citrate and to leave an excess of 
not more than 0-2% sulphuric acid. Tho 
mixture is kept agitated and tho temperature 
raised to 55-57°. Tho temperature should 
at no time exceed 00°. Tho acidity is roughly 
gauged by adding 5 c.c. of 45% calcium chloride 
solution to an equal volume of filtered liquor. 
After placing on a steam hath for 5 minutes a 
faint precipitate of calcium sulphate should 
he noticeable. Tho acid liquor is drawn off 
from tho precipitate of calcium sulphate which 
is then washed free from acid. Tho wash is 
used ns mentioned abovo and tho acid liquor is 
concentrated in open pnns until it lins a density 
of about 20°-25 °Bl'., and is then filtered from 
tho calcium sulphate which separates during 
tho concentration. The concentration is then 
completed in vacuum pans until the density is 
about 37°-38°B6. The liquor is run into a vat 
and kept agitated while cooling. By this 
process, known as granulation, a heavy crop of 
small crystals of citric ncid is obtained. Tho 
operation is a delicate ono and requires to be 
done slowly. If the concentration is taken too 
far the result is a viscous liquid which will 
not granulate satisfactorily. The lumps of 
crystalline citric ncid nre allowed to drain 
before they undergo a light wnBh in a centrifuge. 
The mother liquor and the washings arc con- 
centrated again and a second crop of granulated 
material obtained. The process may he repeated 
a third time. When tho liquor is too impure for 
further crystallisation it is known ns “ old 
liquor ” and is returned to the neutralising tanks 
where it is treated like fresh juice. 

Tho granulated citric ncid is dissolved in 
water at 75° to give a solution of density 2S°Be., 
measured hot. A sample of tho solution is 
filtered and a determination made of the charcoal 
required to decolourise the solution and of tho 
quantity of calcium ferrocyanide to pre- 
cipitate any iron and nickel present. The 
determination is carried out ns follows : to 
several 25 c.c. portions of tho clear filtered 
liquid varying amounts of Ca,Fe(CN) e ,1 2H 2 0 
arc added together with 0-5 g. of decolouring 
rbnrcoal, and the mixtures heated on a steam 
bath for 10 minutes. The solutions are filtered 
and a drop of 1% CajFejCNJj.lSHjO added 
to each. The sample' which shows 'the least 
colour but still has a very faint blue, is used ns 
the basis for calculating the amount of ferro- 
cyanide to be added to tho bulk. Usually 
enough ferrocyanide is added to precipitate 
about 00-95% of the iron and nickel present. 
Tlic temperature is kept at 75° during the 
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purification process. The filtered liquor is 
evaporated st low temperature until the density 
reaches 35°-36°Be. f measured at 50°. About 
2 to 3 hours before this point is reached a sample 
is withdrawn and tested for free sulphuric acid, 
which, if present in large excess may appear in 
the finished crystals. Tor this test a sample of 
the filtered liquor is mixed with an equal volume 
of 45% calcium chloride solution and heated 
on a water bath. If more than a slight pre- 
cipitate 13 formed a sufficient quantity of hme 
is added to reduce the excess to about 02% 
H,S0 4 If lead lined vessels have been used 
in the process appreciable amounts of lead may 
be present and con be removed at this stage 
together with any copper, tin and antimony. 
This is done by adding sulphuretted hydrogen 
water. By the end of the operation the 
sulphides will be precipitated and the excess of 
sulphuretted hydrogen boiled off. 

The liquor is filtered clear and run into the 
crystallising Teasels If large crystals are 
required the liquor is kept perfectly still for 
about 3 to 5 days When small crystals are 
required the liquor is kept in constant motion. 
After crystallisation is complete the liquor w 
drawn off and concentrated again. The process 
of crystallisation may be repeated as long as a 
satisfactory product results. The crystals are 
drained, washed in a centnfugr, and dried at 
room temperature, or in a low-temperature 
stove, before packing. 

Manufacture by Mould Fermentation — 
WehmerfJ SCI. 18W.13.275; B P.5620. 1803) 
first found that citnc acid could be obtained 
from sugar solutions by means of certain 
moulds. Ho successful industrial process was 
developed, however, until Thom and Currie 
(J. Agnc. Res 1916, 7, 1) showed that strains 
I of tbo mould Aspergillus wiper produce far 
’ more citnc acid than Wehmer's onginal 
Citromyee a. In a subsequent publication Currie 
(J. Biol. Chem. 1917, 31, 15) laid the foundation 
for the commercial fermentation process by a 
careful study of the optimum conditions for the 
formation of citnc acid by Aspergillus n» per 

There are hundreds of strains within the species 
A tpergi U ut mger, diffenng but slightly in their 
morphological details, but showing wide varia- 
tion in their biochemical characteristics 
Different strains show great vanationa in their 
capacity for producing citnc acid (Bernhauer, 
Biochem. Z. 1928, 197, 278). Those are selected 
which give the highest yields of the acid ond do 
not produce other acids when grown on small 
quantities of suitable medium. Protod*yako- 
nov and K resling (Proc. Inst. Sci. Res. Food 
Ind. Leningrad, 1935, (1) 3, 3) state that the 
strains which give low yields form notched, 
darkly pigmented conidia and irregular-shaped 
heads, while those giving high yields form 
smoother heads. The latter are also more 
aeliie in synthesising s-arch and form less fat 
in tho mycelium (Kresling, «iid. 1935, (1), 3, 
130). The stock cultures must be sub-cultured 
at definite intervals Unless precautions are 
taken tho acid producing capacity of the mould 
is liable to deteriorate. Stark (B.P. 302333) 
claims that the acid producing capacity of the 
stock cultures on gelatine or agar media can be 


maintained if occasional growth cycles are intro- 
duced. This is accomplished by sub-cultoncg 
on to small quantities of solution similar to tbit 
used in the technical fermentation and next on to 
fruits nch in vitamins and containing organic 
acids, * g. oranges, lemons, tomatoes, etc. 
Kresling and Shtem (Proc. Inst. Sci. Res. Food 
Ind. Leningrad, 1935, (I), 8, 25) maintain 
activity by occasionally sub cultunng several 
generations of the mould on media contain- 
ing 0025 to OOo A'-by drochloric acid. In 
older to prevent unsuspected contamination of 
the stock cultures a method of bactenolozical 
purification must be employed at definite 
intervals. Sucrose, invert sugar, glucose, 
maltose, and other sugars are suitable substrates 
for the fermentation. The best yields of citnc 
acid are obtained, however, with sucrose. 
Cume considered the following medium to be 
most favourable for citnc acid fermentation 
with Aspergillus riper s 

C per litre 

Sucrose 125-150 

NH ( NO s . 2 0-2 3 

KH.PO, . 0 75-10 

MgS0 4 .7Hj0 . 0 20-0 23 

HCI 4-5 cc of A'/5-so!ution so 

that the p a is 3 4-3 5. 

The presence of metallic ions in the solution 
exercises a powerful influence on the growth of 
the mould and the production of acnl Stem 
berg (Amer. J Bot. 1919, 6, 330) gives a list of 
17 dements, mainly heavy metals, which have 
been found to accelerate the development of 
Aspergillus. Although there has been con. 
siderable controversy about the stimulating 
action of many of these metals, Steinberg (J. 
Agnc. Res 1936, 52, 439) concludes that iron, 
wne, copper, manganese and molybdenum arc 
all necessary for normal growth and that these 
elements cannot replace each other. Tbo 
mould is very sensitive to traces of these metals 
and a strict control must be exercised on 
their presence. Thus Smith (J.SC.I 1930, 55, 
217T) states that the addition of 0-0001% 
of manganese to a culture solution containing 
small amounts of iron, copper and line caused a 
large increase in growth of the mycelium of 
Aspergillus mger. Individual strains show 
considerable differences as regards the optimum 
salt concentration for citnc acid formation 
Vasd’ev (Biochem. Z. 1935, 278. 22C) ha* 
shown that the different strains of mould which 
produce citnc acid react differently from tho 
addition of traces of zinc sulphate. Tbs 
optimum nutrient salt concentration bas to w 
found for each particular strain used, and toe 
tho typo of vessel employed as tho medium 
which gives tho highest yields with small seals 
fermentations is not necessarily tho best when 
used on the large scale. Working with glass flask* 
Bemhauer, Duda and Siebcnaugcr (Biochem £■ 
1031,230,475) obtained yields as highas763,«, 
by wt. calculated on the sugar provided. 

Vanous difficulties have been encountered 
when tho citnc acid fermentation has been 
attempted on a commercial scale. *ven u 
the medium is stenbsed before inoculation it « 
difficult to prevent Infection by bactens. 
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yeasts nnd other fungi which interfere seriously 
with the citric acid fermentation. Certain 
organisms have a particularly unfavourable 
effect on Aspergillus niger. Yuill (Biochcm. 
J. 1034, 28, 222) describes a Pcnicillium which 
contaminates Aspergillus niger cultures. Fern- 
bach nnd Yuill (B.P. 266415) add sufficient 
hydrochloric acid to the medium to bring the 
7>j, to about 1-8 at which concentration the 
selected Aspergillus niger can grow to the virtual 
exclusion of invading organisms so that heat 
sterilisation can be omitted. A better yield of 
citric acid results when the inversion of sucrose 
takes place gradually nnd under the influence of 
the mould. The diminished hydrolysis of the 
sucrose and the reduced risk of metallic con- 
tamination of the medium from the reaction 
vessel arc stressed in the above patent ns 
advantages of the omission of heat sterilisation. 

Tho fermentation is usually carried out in 
large, shallow vessels at a temperature of about 
30° to 32’. The spores of tho selected organism 
begin to germinate about 5 hours after they 
have been seeded on the surface of the medium 
The mycelium develops deep folds nnd wrinkles 
which present a very large surface to the culture 
solution. Citric acid rapidly accumulates as 
soon ns the mycelium hns developed. Tho 
whole of the solution is constantly' brought into 
contnet with tho mould by stirring or other 
means nnd controlled quantities of air arc 
admitted to tho cultures. Aftcr8 to 12days tho 
solution is run off, and the mould pressed and 
leached. Tho liquors are then treated as above 
for tho preparation of citric acid from citrus 
juices. Wcllsnnd Hcrrick(Ind.Eng.Chem.l93S, 
30, 255) report a yield of 63% by wt. on tho 
sugar taken. 

Whilst the highest yields are obtained using 
pure sucrose, citric ncid can bo obtained from a 
cheap source of raw material such ns molasses, 
tho yield being about 13 per cent. Cnbn 
(Ind. Eng. Chcm. 1935, 27, 201) carries 
out the fermentation with Aspergillus niger on 
shallow layers of bagnsse impregnated with a 
molasses mash. The layers of bngasso arc nbout 
I to I J in. thick nnd are supported on iron 
screens which form the bottoms of shallow 
trays. Aeration can thus take place both from 
above and Mow. Tho frays arc protected from 
the ncid by painting with a Bakclite varnish. 

The fermentation occupies nbout 36 hours to 
4 days, and sterilisation of the mash nnd its 
protection from infection from foreign organisms 
arc stated to be unnecessary. At the end of tho 
fermentation the citric ncid is leached from the 
bagasse carrier, which can be used over nnd over 
again. 

.Mmtons or Axai-VSIS. — Commercial Citric 
Aeiil . — Accurately weigh out 3 g. of the sample, 
dissolve in nbout 100 c.c. of water, nnd titrate 
with .V.«odium hydroxide using thymol blue 
as indicator. Each c.c. of .Y-sodium hydroxide 
i« equivalent to 007003 g. of C,H fl 6 T ,H.O. 
The “British Bharmacopa'in," 1932, gives 
the following testa for purity : heat 1 g. of 
the powdered sample in a boiling water bath with 
lOc.e. of concentrated sulphuric ncid for 1 hour; 
not more than n faint yellow colour is produced 
(absence of tartaric acid nnd of readily carbonis- 


ablc substances). Dissolve 2 g. in 20 c.c. of a 
solution containing about 1 0% of N H s and 1 c.c. 
of 10% solution of calcium chloride, and 
allow to stand for 24 hours ; the solution 
remains clear (limit of oxalic acid). Dissolve 

2 g. in 40 c.c. of water and add 10 c.c. of diluto 
ammonia solution (as above) and 5 drops of 
10% lead-free solution of sodium sulphide ; 
the colour produced is at most only slightly 
deeper than thnt produced in a similar mixture 
containing in addition 1 c.c. of a 10% solution of 
potassium cyanide (limit of copper and iron). 
Dissolve 2-5 g. in water and add 1 c.c. of 10% 
barium chloride. Stir immediately with a glass 
rod and set aside for 5 minutes. Tho turbidity 
produced is not greater than that produced by 
adding 2-5 c.c. of A T /100 sulphuric ncid to a 
similar solution without the sample (limit of 
sulphates). Arsenic can be conveniently deter- 
mined by tho Gutzeit method and should not bo 
present in quantities greater than 1 part per 
million. Lead is determined by' dissolving 
in water 7 g. (primary solution) and 2 g. 
(auxiliary solution) of tho sample; 10 c.c. of 
a solution of lead nitrnto containing 0-001% 
oflend are added to tho auxiliary solution. Each 
solution is mndo alknlino with a lend-freo 
solution containing 10% of NH a , and then 
1 c.c. of 10% lend-freo potassium cynnido is 
added. If tho solutions are turbid they aro 
filtered. The two solutions aro diluted to 50 c.e. 
and 2 drops of a 10% lead-free solution of 
sodium sulphido nro added to each and 
thoroughly mixed. If tho tho colour in tho 
primary solution is greater than that in tho 
auxiliary solution the sample contains moro 
than tho limit of 20 parts of lend per million. 
Tho proportion of lead in tho sample can bo 
determined by observing tho quantity of tho 
dilute solution of lead nitrate which must bo 
added to the auxiliary solution in order thnt, 
after dilution to 50 c.c., there may bo equal 
colours produced on tho nddition of 2 drops of 
tho sodium sulphide solution. On incineration 
tho sample Bhould not leave more than 0 05% 
of residue. 

Citrus Juices and Acid Liquors. — The acidity 
is determined by titration using thymol blue or 
phcnolpbthnlein as indicator. Combined organic 
acids aro estimated by neutralising a measured 
quantity of the sampio with sodium hydroxide, 
evaporating to dryness, nnd gently igniting. 
The ash is dissolved in a known quantity of 
standard ncid, boiled nnd filtered. The excess 
of acid is determined by titration with alkali. 
The alkali added when neutralising the sample, 
subtracted from the alkalinity of the ash, gives 
the amount of alkali corresponding to the bases 
of tho organic salts. From this figure the amount 
of combined organic ncid can bo calculated. 

Citric ncid is usually estimated by Warington’s 
method (J.C.S. 1878, 28, 934) or a modification 
thereof. AYnrington proceeds as follows: 15- 
20 c.c. of nnconcentrated lemon juice, or nbout 

3 c.c. of concentrated juice, are exactly neutral- 
ised with sodium hydroxide. The solution is 
diluted to 50 c.c. and heated to boiling in a 
salt or glycerin bath and sufficient calcium 
chloride solution ndded to precipitate all the 
organic ncid present. Tho whole is boiled 
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for half an hour and the precipitate collected 
on a email filter and ■washed -with hot water. 
The filtrate and washings are concentrated to 
about 10-15 c c. and the solution neutralised 
with a drop of ammonia if it has become acid. 
The second precipitate thus obtained is coDected, 
the filtrate being used to transfer the precipitate 
on to the paper, which 13 washed with hot water. 
In very accurate estimations the concentration 
should bo repeated and any further precipitate 
collected. 37ie precipitates in their papers are 
then burnt at a low red heat and the neutralising 
power of the ash determined with standard acid 
and alkali. Each c e. of A’-acid corresponds 
to 0-070 g. of C,H 8 0,,H,0. Sometimes 
the first precipitate only is collected and, the 
conditions being standardised, allowance is 
made for the solubility of the calcium citrate 

Caletum Citrate — Excess of chalk or lime is 
estimated by dissolving 5 g of the sample in 
dilute standard hydrochloric acid in a covered 
beaker and then titrating with standard alkali 
Citrate is estimated by gently igniting 2 g of 
the sample and determining the alkalinity of 
the ash with standard acid and alkali By 
deducting from the alkalinity of the ash that 
duo to the chalk previously determined, the 
amount of baso which has to bo calculated as 
citrate is found If other organic salts are 
present tho citrate is dissolved m dilute hydro- 
chloric acid and the citrate estimated by 
Wanngton’s method as in the case of citrus 
juices 

Mill, IFinc, etc — Citric acid occurs only in 
small quantities in theso substances Milk 
contains about 1 to 4 g , and wine about 0 4 g. 
per litre Tho methods of estimation are based 
on the same principles as thoso mentioned above 
tn the section on “ detection." There are no 
very simplo methods of estimation and many of 
thoso described in the literature are unrebable 
Lampitt and Roeko (Analyst, 1038, 61, 654) 
have examined a number of the methods and 
recommend a technique for estimating citric 
acid with special reference to milk. Their 
method is earned out as follows . to 50 c c. of 
milk serum (Lampitt and Bogod, Chim. et Ind 
1932, 28, 777), or other solution containing 
citric acid, are added 10 c c. of sulphuric acid 
(1 : 1), if not already added in the preparation of 
the solution, except for pure citnc acid and 
milk scrum, 10 c c. of freshly prepared bromine 
water should also be added, and any precipitate 
formed from acetonedicarboxylic acid filtered 
off after standing for half an hour. 5% 
I'ota««ium permanganate solution is added drop 
by drop from a burette with constant shaking 
Until a brown precipitate persists, 10 cc being 
Usually required for 0 1 g. of citric acid and 25 cc 
for a milk serum. Tho mixture is allowed to 
stand at room temperature for 1 hour, further 
potassium permanganate being added if the 
brown precipitate disappears. Sufficient 20% 
ferrous soJphafo m 1% sulphuric acid is then 
added slowly until a pale yellow solution 
containing a white precipitate is obtained, 
and the mixture U cooled in an ice chest over- 
hight. Tho precipitate is removed by filtration 
through a sintered glass crucible, the reaction 
Sash being washed out with the filtrate- to 


remove tho last traces of precipitate, and 
the washings passed through the crucible. Tbs 
precipitate m the crucible is then washed with 
10, 10, and 5 c c. of cold water. The crucible 
is dned to constant weight in a vacuum devices- 
tor. The precipitate is dissolved out of tbs 
crucible with industrial spirit, followed by 20, 
10, and 10 c c. portions of ether. The crucible 
is again dried in the vacuum desiccator and 
weighed, the loss in weight being taken u 
pentabromoueetone. 

Citnc&cid, C«H g O 7 =0 424^ie-p ^ j, where 

w represents the difference in weight of 
the crucible before and after treatment with 
industrial spirit and ether, V tho original 
volume of filtrate from the reaction mixture 
less the total volume of washings. Remits 
show that citric acid up to 011 g may be 
determined in the presence of lactose to within 
2 mg. 

B.T. 

CITRON. The fruit of Citrus Medico L 
Originally of oriental ongm, citrons are now 
grown m Southern Europe and in California 
and Florida. The fleshy-walled fruit is not 
edible m the raw state but is well known u 
“ candied citron ” The nnd of the citron 
melon (Cifrollua vulgaris), a variety of tbs 
common water-melon, is also prepared in a 
candied form as a eubstitute for the true 
citron Tho tough, bitter-flavoured fruit is 
halved and fermented in brine for 40-50 days, 
during which the bitter flavour is removed and 
the tissue softened. The salt is then washed 
away and the peel steeped in a senes of syrup* 
of increasing sugar content until tho maximum 
adsorption of sugar has taken place. Sucrose 
syrups tend to give a hard peel, and an admixture 
of 35% of fructose is common. The com- 
position of fresh and candied peel is given by 
Fellers and Smith (J. Agnc Res 1038,63,859): 



Fresh 

Candled 

H.O 

886 

la’s 


0 44 

0-5 


0 15 

0-10 

Ether extract 

0 32 

0-33 

Crude fibre . 1 

1 09 

I 37 

Total sugars (a9 invert) | 

1 55 

43-0 1 

Total carbohydrates 

94 


Cao 

009 


FLO. 

0 05 

CHM 

KjO | 

Oil 

002 

Fc, Cu. 1 . . . . 

traces 


1 Constating of 28 1% glucose and 14 9% sucrose 

A. 0 • To. j 

CITRON, ESSENTIAL OIL OF. 
This oil, also known as oil of cedrat, is exorwsed 
in Sicily from the peel of the fruit of the citron. 
Citrus mtrhca Linn (Fam. Itutaee*). Three 
varieties are known as tho cedro, the red ion* 
and the ecdnno. The cedro has a thick ru™ 
and hard flesh, tho cedrono ha* abundant editto 
flesh, and the ccdnno is a small fruit. 
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Composition. — The main constituents arc 
limoncne, oitrnl, of which 5 to 6% is present, 
and ft stenroptene identical with citrapteno 
found in oil of lemon. 

Characters. — A pale yellow oil, sp.gr. 0-850 
to 0-852, opt. rot, at 20’ + 80°-81°, nj, 0 1-475. 
Citron oil of commerce is frequently a mixture 
of oil of lemon, oil of orange and oil of bergamot. 

C. T. B. 

CITRONELLA, ESSENTIAL OIL 
OF. The oil obtained by distillation from the 
grass Cymhopogon Nardus Rcndle, which is 
grown principally in Ceylon, Burma and the 
•Straits Settlements. Two varieties of this grass 
are found in Ceylon. The best quality, known 
ns Maha Pengiri or Winter’s grass, yields an 
oil containing a high percentage of acctylisablo 
constituents, 80-90%, and is found in Burma 
and the Straits Settlements. The ocetylisable 
constituents consist of gernniol and citronellal. 
Tho commoner variety, known as Lena Batu, 
yields the ordinary Ceylon oil, which contains 
55 to 05% of acctylisablo constituents, chiefly 
gernniol. Two or threo harvests a year can be 
obtained under favourable conditions. 

Constituents. — Gernniol, citronellal, enmphenc, 
depentene, limoncne, bomeol, ncrol, fnmesol, 
methyl hoptenone, and an aliphatic sesquiter- 
pene. Java oil contains, in addition, dicitro- 
nclloxide, mcthyl-cugenol and citroncllic acid. 
Characters. — Ceylon oil lias sp.gr. 0-897 to 

0 912, opt. rot. nt 20° -0° to -14°, «J,° 1-479 to 
1-485. Total ncctylisable constituents 57 to 
02%. Soluble in 10 volumes of 80% alcohol. 
The best oils (so-called plantation oils) are 
clearly soluble in 3 to 4 volumes of 80% alcohol 
nnd remain clear with 10 volumes. Inferior 
oils become turbid with 3 to 4 volumes of 80% 
alcohol, clearing somowhat with 10 volumes. 
Such oils may contain 10-1 5 % of petroleum. 
The solubility test on which London contracts 
arc lm«.ed requires that tho od shall bo soluble 
in 10 volumes of 80% alcohol with only slight 
turbidity, nnd with separation of oily drops on 
standing 21 hours nt 15-5°C. 

•lava oil has sp.gr. 0-885 to 0-900, opt. rot. 
nt 20’ -2’ to —5°, njj 0 1-1G8 to 1-473. Total 
acctylisablo constituents not less than 85%, 
determined by the method of tho “British 
l’hnrmncopooia " for tho determination of freo 
nlcohols in essential oils, but using tho formula 

7-707 n 

weight of ncetylated oil— 0 021n 

'-Percentage of acctylisablo constituents, 

where n*~numl>er of millilitres of A'/S-nleoholic 
potassium hydroxide solution consumed during 
the saponification of the ncetylated oil. 

Citronellal Content. — Tho Ceylon oil contains 
only t'.-S% of citronellal nnd the determination 
is not usually carried out in commercial practice. 

1 or the dnvn oil, however, tho determination of 
citronellal is of importance, and the method 
adopted h follows; 

^ rich accurately about 2 c.c. of the oil in a 
stoppered tide nnd place in a frccring mixture. 
Add ntviut 10 c.c. of a .Y-hydroxy Inmine hydro- 


chloride solution, prepared as below, and cooled 
to — 10’, and titrate immediately with A’-alcoholic 
KOH, ndding the alkali slowly, a few drops nt a 
time, taking great care to avoid going beyond tho 
orange colour. Continue the titration as long as 
a red colour develops, then allow to stand at 
laboratory temperature for one hour and com- 
plete the titration to tho full yellow colour. Each 
c.c. of A'-alcoholic potash is equivalent to 0 076 
g. of citronellal. 

Preparation of N-Hyd roryla m inc Hydro- 
chloride Solution . — Dissolve 6-95 g. of pure 
hydroxylamine hydrochloride in 95 c.c. of pure 
90% (by volume) alcohol; add 10 drops of a 
0-2% solution of pure methyl orange in 60% 
alcohol, and adjust to the full yellow colour of tho 
indicator with A T /2-aIcoholic potash nnd make 
up to 100 c.c. with 90% alcohol. 

The percentage usually present is 30 to 40. 
Both oils nro used for soap scenting, and tho 
Java oil is employed as a source of gernniol 
nnd citronellal. 

C. T. B. 

C ITRON ELLAL. The aldehyde, citronellal, 
Cj 0 H, 6 O, knownnlso ns rhodinal, although it is 
valued ns a perfume, does not occur very- widely 
distributed in nature. The dextrorotatory form, 
b.p. 205-206°, d-° 0-855, n D 1-448, [a] D +12-3°, 
is tiio main constituent of Ceylonese citronella oil 
from Cymhopogon Nardus, and it is found also 
in certain eucalyptus oils ; tho lajvorotatory 
aldehyde has been isolated from Javanese 
citronella oil nnd nlso from the oil from Pinus 
JcJJcryi. For identification of the aldehyde tho 
ccmicarhazonc, m.p. 85°-88°, may be used, but a 
more characteristic derivative is citroncllyl-p- 
naphthocinchonic acid, m.p. 225°, prepared by tho 
condensation of the aldcbydo with ^-naphthyl- 
amino nnd pyruvic ncid (Docbncr, Ber. 1894, 
27, 2024). For the isolation of citronellal tho 
compound which it forms with sodium bi- 
sulphite may bo utilised, but care must bo taken 
in its decomposition sinco tho aldehyde is very 
susceptible to the action of nlknlis. 

Tho constitution of citronellal was established 
by the extended investigations of Harries and 
his collaborators (Bor. 1901, 34, 2981 ; 190S, 41, 
2187 ; Annalcn, 1915, 410, 8) on the oxidation 
of the aldehyde and its dimethyl acetal with 
ozone. They showed it to be a mixture of tho 
two aldehydes represented by (I) and (II), 
degradation products of both these forms 
being obtained ns indicated in tho scheme 
nt the head of tho next pago. 

Since citroncllol (q.v.) gives on oxidation 
citronellal (Tiemnnn and Schmidt, Bcr. 1897, 
30, 33), the synthetic methods adopted for tho 
preparation of thi3 alcohol apply nl«o to the 
aldehyde. On catalytic hydrogenation citro- 
ncilal yields the saturated" aldehyde dihydro- 
citronellal (Foal, G.P. 29S193) or the saturated 
nlcohol (von Braun and Kaiser, Ber. 1923, 56, [BJ, 
2271). On oxidation with silver oxide cifro- 
ncllic acid is obtained, tho dl - form of which 
occurs in camphor oil (Rochusscn, J. pr. Chem. 
1922, [iij, 105, 124) nnd probably also in the oil 
from Cahfhrix Tctragcma (Penfold, Ramacc nnd 
Simonson, J. Proc. Roy. Soc. New '"South 
Wales, 1935, 68, 80). 

Citronclhl condenses readily with acc-tonc 
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CH t CMe CH 1 CH,CH, CHCH,-CHO — *• H CHO + MeCO CH,-CH,-CH,-CHMe CH,CH0 


MeCOCCf >HMe 


MejCiCH-CH, CH. CHMe CH,-CHO 

n. 


M e g CO + CHO CHj-CHj-CHMe CH,CH 0 


OHCCH.-CH.-CHMe-CH, CO,H 


HO^C-CHj-CHj-CHMe CH,CHO 
".7 -CH, H,C— CH. 

/ \ ’ — ► / \ 

MeCH CH MeCH CH 

\/' \ jP 

C CHO CCO.H 


in the presence of alkali to yield iihydro- 
pstudoionone (ITI) and (IV) (Haarmann xnd 
Reiraer, O.P. 75128; Rope. Rer. 1900, 33, 857) 
which on nng closure yields dihydroionont (V). 
This ketono has a refreshing odour and finds 
application in perfumery. 


CH * 

M» 

MeCO HC CH JlH, 

V. 


CH,CM« CH, CH.-CH, CHM« CH, CH.CH COM. 
IV. 


S 'clic derivatives may be prepared also very 
dy from citronellal itself. As was shown 
by Tiemann and Schmidt (Ber. 1896, 29, 913; 
1897, 30, 27) it yields on digestion with acetic 
anhydride wypulegol acetate, which can be 
hydrolysed to the alcohol (VI). The alcohol is 
formed also by the action of dilute sulphuric 
acid (Iiarbier and IAser, Compt. rend. 1897, 
124, 1308; Honuchi, Mem. Coll. Sci. Kyoto, 
1929, 11A, 171), formic and phosphoric acids 1 
(Print, Chem. Weekblad, 1016, 14, 627). With 
sulnhuric acid the glycol (VII) is also formed. 


CHMe 

CH, 

H.k CH OH 


CHMe 


H.C^ ^H, 


CH 


Vlei C 


H,<[ CH OH 


CMe.-OH 

VI. VII. 

J.L.S. 

C1TRONELLOL. The alcohol citronellol, 
C 1( HpO, finds a wide application in the 
manufacture of perfumes and occurs in a 
number of essential oils, such as rose oil 


(from fiosea damatetna), geranium oil (from 
Pelargonium odoranltsstmum) and m both Ceylon 
and Java ritronella oils. It is identical with 
the alcohols known as rhodtnol, reuniol, 
rosed. The natural alcohols are optically 
active and the following constants have been 
observed: d-citronellol (from Java citronella 
oil), b.p. 103°/5 mm., d 15 O-SG04-O-8G29, *" 
I-4565-1-457D1, [a] 0 +2 7*-2 3“; l; bp 114- 
115712 mm., <f» 0 856-0 862. n” H5609- 
1-4561, [a] D —4 2°. The alcohol can be 
identified most readily by the preparation of the 
allophanate, mp 105-106® (Gngnard and 
Doeuvre, Compt. rend. 1928, 187, 270 ; Docuvrc, 
Bull. Soc. chim. 1929, [iv], 45, 352) 

The problem of the structure of citronellol 
has formed the subject of a prolonged con- 
troversy now only of histone interest. Since 
it is formed by the reduction of eitronelial 
(II or IIo) with sodium amalgam (Dodge, 
Amer. Chem. J. 1889, 11, 465; Tiemann and 
Schmidt. Ber. 1896, 29, 903) it must be a 
primary alcohol, and this is confirmed by its 


oxidation to citronellal with chromic acid, when 
at the same time citronellic acid (III and Ilia) 
and taopulegol are formed (Tiemann and 
Schmidt, Ber. 1897, 30, 32). On oxidation with 
potassium permanganate followed by chromic 
acid, acetone, formic, and mcthyladipic and* 
(IV) are obtained. The intermedia te stages of the 
oxidation are shown in the scheme gnen sttho 

£•/ f.V<t {Xe&s St-rskf, J- /k- 

Chem. 1924, [ 11 ) 107, 197). 

There can be no doubt that citronellol fa » 
mixture of the two alcohols represented by (I) 
and (la) the actual percentage composition of the 
mixture being dependent upon the source or 
prior treatment of the alcohol. In a careful 
senes of expenments Gngnard and Doeuvre 
0 e) hire shown the alcohol from four different 
sources, (a) from Java citronella oil, (6) from the 
reduction of citronellal, (c) from citronellal 
acetate, and (d) synthetic, from methylheotrnrl 
bromide, to be a mixture in which the alcohol (I) 
predominates, the percentage vary ing from 81 to 
72%. Theso values are based upon the yield* of 
acetone and formaldehvde when citronellol u 
oxidised with ozone. The oxidation of ntro- 
nellol with ozone was first studied by Ilame* 
Himmelmann (Ber. 1908, 41. 2187 ; Annafcn. 
1915, 410, 8) ; subsequently Helferich ana 
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Ht.C:CHCHj-CH.-CHHcCHj-CO,H 

in. 


CrO, 


M« S C:CH CH.-CHj-CHMe CHj CHO 


II. 


NaHf 


1 I 


CrO, 


Hc^CHCHj-CHj-CHMc-CH.CH.OH 

I. 


>4 


KMn0 4 

Mc.C(OH) CH(OH) CH.-CH.-CHMe CHj-CHj-OH 


Me.CO + HOjCCHj-CHj-CHMc-CHj-CO.H 

IV. 


CH.:CMc-CHj-CH,-CH.-CHMcCH.-CO.H 


Ilia. 


CrO, 


CH.tCHcCH.-CHjCHj-CHMcCH.-CHO 
NiH £ | II<2 ‘ | CrO, 

CH.:CMcCH 2 -CH,-CH.-CHMeCH,-CH.OH 
Ia ‘ KMnO, | 

CH.(OH)CMe(OH)-CH,CH 2 -CHj-CHMi:CH.-CHjOH 

I 

I 

H-CO.H + CH 2 -COCH 2 CH 2 CH 2 CHMeCH 2 -CO,H 


Spnrmbcrg (Bcr. 1931, 64, [Bj, 101) have shown 

that tho hydroxyaldchydc, 

OHC'CHj-CHj-CHMe-CHjCHjOH, 


lms been confirmed by synthesis from nrginino 
by way of ornithine, dibcmzoylorni thine, S-amino 
a-bcnznmidovnlerio acid and 8-cnrbamido-a- 
benzamidovnlcric ncid (Wada, t.c.). 


is formed also. 

Citronellol has been synthesised in a number 
of ways: (a) by the reduction of ethyl geranate or 
ethyl citroncllate with sodium and alcohol 
(Bouvcault, Bull. Soc. chirn. 1900, [iii], 23, 458 ; 
Compt. rend. 1901, 138, 1099; Barbicr and 
Locquin, Compt. rend. 1913, 157, 1114) ; 
(It) by the reduction of citroncllal, and (e) by its 
conversion through its oxime into citroncllie 
acid with subsequent reduction of tho ester of 
this acid; (d) from mcthylheptcnyl bromide 
(Grignard and Docuvrc, he.); ( c ) by tho 
reduction of gcraniol with aluminium amalgam 
which is said to bo used technically (Ullmann, 
Encyclopedic dcr Tcclmischer Clicmic, 9, 572). 
On catalytic hydrogenation citronellol yields 
tho saturated alcohol (Paal and Ambcrgcr, G.P. 
31G919 ; Haller and Martine, Compt. rend. 
1005, 140, 1303). 

J. L. S. 

CITRONELLYL ESTERS. Citronellol 
(q.v.) forma a number of esters valuable as per- 
fumes. They may be described os having floral 
and fruity odours, with, in general, rose and 
bergamot predominating. The following are tho 
principal of these esters, with their approximate 
characters: acetate, b.p. 120715 mm., sp.gr. 
0 901, nj, 0 1-4480; butyrate, b.p. 13575 mm., 
sp.gr. 0-891, nj, 0 1-4490 ; propionate, sp.gr. 
0-S95, njj 1 1-1 155. Citroncllyl formate, benzoate, 
einnamnte, and valerianato are also prepared 
and used ns perfumes to a email extent. 

E. J. P. 

CITRULLINE, C c H 13 0 3 N 3 , nn amino- 
arid found in water-melon VitruUus vulgaris 
by Wnda (Proc. Imp. Acad. Tokyo, 1930, 6, 15 ; 
Biochcm.Z. 1930,224,420). It is formed by the 
action of putrefactive bacteria on arginine 
(Ackermann, Z. physiol. Chcm. 1931, 
203, CG), and yields ornithine on alkaline 
hydrolysis (Wada, Proc. Imp. Acad. Tokyo, 
1932, 8, 3G7), and when perfused through the 
dog's stomach produces both arginine and 
ornithine. Citrulline hns m.p. 220°-222°, is 
optically inactive nnd forms a violet eopper 
salt, dcromp. 257 f ‘-25S". The constitution 
c -amino-S- carbarn ido valeric acid, 

NHj-CO-NH-[CH,] 3 -CH(NHj)-COOH, 
Vol. Ill,— 13 


C I VET. Civet is the most obnoxious of tho 
animal perfume materials, having a revolting 
odour. When very highly diluted, however, 
its odour becomes pleasant, and its fixative 
properties in perfumes are very pronounced. 
It is a secretion from the perineal glands forming 
n deep pouch in tho posterior part of tho 
abdomen of tho civet cat. The functions of tho 
civet pouch are not definitely known, but it is 
probable that the repellent odour is n means of 
protection, or possibly its functions are those of 
sexual attraction. Practically the whole of tho 
world’s supply comes from Abyssinia. Tho 
cat which yields most of the civet is Viverra 
civetla, a wild animal which becomes fairly tame 
on keeping in captivity, except when tho civet 
is being extracted. Tho cats nro kept in long 
cages in which they cannot turn round, and their 
legs nro secured nnd the civet extracted from tho 
pouch with a small horn spoon. The secretion 
is greater if the animals aro teased and irritated 
for a short time. There are other species of 
civet cats, but they arc not of commercial 
importance. Civet is a substance of tho 
consistency of honey, of a yellowish to brown 
colour, with a powerful fecal odour. It is 
packed in bullocks’ horns secured with a leather 
cap. The horns contain from 25 to 60 oz. 
Owing to its high price it is frequently adul- 
terated. A genuine civet should have tho 
following characters : 

Loss nt 100° — not exceeding 25%. 

Mineral matter — not exceeding 2%. 

Acetone extract — G5 to 80%. 

Alcohol extract — 15 to 65%. 

Ether extract — 1 1 to 24%. 

Chloroform extract — not exceeding 6%. 


The acetone, alcohol, 
extracts should have 
ester values : 

Acetone extract 
Alcohol extract . 
Ether extract . 
Chloroform extract . 


ether, and chloroform 
the following ncid and 

Acid value. K>tcr value. 
85-1 15 25-50 

. 110-150 20-53 

. 8—26 55-90 

6-10 75-170 


Tho ncctono extract should not melt com- 
pletely below 40° and the saponification value 




The following publications should be con- Clays are the weathered products of silicate 
suited E J Parry (Chemist and Druggist, 1902, rocks, especially those of the felspathic type, and 
61,001 . 1903, 62, 871 ; 1904, 65. 168), Burgess contain hydrated aluminium silicates According 
(Analyst, 1903, 23, 101); Charab ot and Hebert to J. W\ JfeUor (" Comprehensive Treatise c a 
{Bull Soc. chim 1910. (iv), 8, 6S7), Schimmcl Inorganic Chemistry’," London, 1925, VI, 48$) 
k Co (Reports. 1921,60, 1924,99, 1930,110); there are three recognised hypotheses on the 
Niviere (Bull Soc ebnn 1920, (iv), 27, 794); conversion of felspathic rocks into days. These 
ami Bennett and Seaber (Perf & Essent Oil are (1) the action of surface waters charged with 
Rcc 1929,20. 14) Civet contains scatole, indole, carbon dioxide ; (2) the action of water dnmmg 
ethylamine, propylamine, some free acids not from peat bogs containing organic acids in 
identified, and a characteristic ketone which solution; (3) the action of volcanic gases and 
was described by Sack (Chem -Ztg 1915, 39, vapours, that is, pneuraatolytic action. In the 
538) under the name xibetone, but which is now Dormal weathering of granitic rocks, water, 
usually known as civetone, melting at 31°. carbon dioxide and oxygen are the chief agent* 

Ci rr tone has thj formula C,,H 30 O. It has causing the breakdown. Ferrous compounds 
been completely synthesised by Ruzicka (Helv. present in the rock are oxidised to hydrated 
Chim. Acta, 1926, 9, 230) and shown to be a feme oxide, some of which may remain Tbs 
17-carbon ring compound Its constitution is as alkab and alkaline earth compounds formed are 
follows. removed in solution, whde the quartz is c®m- 

p*«f/rc)r unaffected. Thus, as the m oh of 
CO H this weathering, hydrated aluminium silicate, 

{CH } ],-CH hydrated feme oxide, quartz, together with a 

E. J. P. proportion of felspathic or micaceous material, 
CLARIFOIL. Cellulose acetate transparent remain. If the water attacking the gramtie 
tissue rocks contains organic acids, i e. bumie acids in 

CLARIT, A German activated earth. solution, the action is more severe. In seme 

CLAUSTHALITE, a mineral of the formula eases tho seienty of the action has resulted 
PbSe. in the breakdown of the hydrated aluminium 

CLAV1CEPSIN, CjjHjjO 14 .2Aq , mp, silicate, hydrated alumina remaining. Sucn •« 
91°, and 19S“ (anhydrous), is found in Static action is known as to/rma/ion. Certain i®P° r ‘ 
eorrmtum ; it is not hydrolysed by cmufctn, tant beds of highly aluminous earths, iruefl ** 
but gives 2 molecules of glucose and 1 molecule gibUite (AljOj-SHjO), bauxite (Al,0, U *• 
of mannitol on acid hydrolysis (Marino Zoro and and di&spore (AIjOj-HjO) are of ktrn 
Pasquero, GszzetU, 1911, 41, fu}. 36S) ongin The natural deposits Of thy 

E. F. A. themselves extremely diverse in character a 
CLAY (Fr. Argde; Ger. Then). The term frequently very impure, owing to the action 
“ clay ” denotes certain earthy materials which the different natural agents and the opportum 
possess the property of plasticity and which which have occurred in geological time tor »u 

w hen heated to redness or higher Lecorae hard, processes as the leaching out or infiltration 
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soluble salts, the classification according to 
particle size in streams, rivers, lakes and 
sc, as, the admixture with mineral or organic 
impurities, sedimentation, the consolidation by 
pressure or earth movements. The china clays 
of Cornwall have probably been formed by 
pncumatolytic action. In support of this it is 
pointed out that (1) the clay is often found at 
considerable depths in the body of the rock, 
(2) minerals containing boron and fluorine arc 
often found associated with these clays. 

The terms “ primary clay ” and “ residual 
clay ” nro used for those clays which arc 
found at the plnce of their formation. China 
clay is an oxample of this type. In general, 
primary clays nro comparatively free from 
impurities other than quartz and undecomposed 
felspars. Theso impurities nro removed by 
washing from commercial china clay'. A 
“ secondary clay ” or “ sedimentary clay ” is 
one which has been transported, usually by 
water, and redeposited. Such transportation 
and redeposition may havo taken place many 
times. The sedimentary' clays obviously fall 
into the geological classification of sedimentary 
rocks. 

In Great Britain, in the Carboniferous System, 
there occur clays of considerable economic 
importance. Thus, in the Middle and Lower 
Coni Measures fireclays, which form tho basis 
of the refractory materials industry, nro found. 
These clays are obtained in many districts, 
particularly’ Stourbridge, North Staffordshire, 


Taiilk 1. — Analy: 





SiOj 

O' 

40-90 

O' 

59-42 

TiOj 

0-37 

0-94 

AI.O, 

39-52 

27-24 

FojOj .... 

0-30 

0-02 

CnO 

0-25 

0-47 

MgO 

0-10 

0-22 

KjO 

0-20 

2-20 

Na.O 

0-00 

0-40 

Loss on ignition . 

12-50 

8-90 


100-32 

100-47 


! Calculated 


" Clav substance ” 

9S-1 

60-9 

Quartz 

— 

21-0 

l’clspat hie matter . 

1-4 

10-0 


(The titanium, iron, calcium, and magnesium 
analyses.) 


Numerous attempts have been made to 
examine clays by the so-called method of 
rational analysis, the object being to determine 
hy chemical means alone the amounts of 
" day substance," quartz, and “ fclspathic 
matter ” present in them. These efforts have 
not proved satisfactory. By making certain 
assumptions, ehicflv thnt the “ clav substance ” 
has a formula Al'.Oj-2SIO.-2H.O, and that 


Yorkshire (Halifax, Leeds, Sheffield, etc.), 
Durham, and Lanarkshire. Besides tho manu- 
facture of firebricks, clays belonging to this 
class are used in tho manufacture of drain- 
pipes, glazed bricks, and sanitary fireclay’ ware. 
In tho Upper Coal Measures of tho Carboniferous 
System considerable deposits of a series of 
clays known ns Etruria marls are found in 
North and South Staffordshire and the Ruabon 
district of North Wales. Theso clays, which 
may’ be fired “ red ” or “ blue ” according to tho 
methods of firing adopted, are used extensively 
in tho production of roofing tiles. Tho Kcuper 
marls (clays) of tho Triassic; tho Lias clay’s, 
tho Oxford clays and the Kimmeridge clays of 
the Jurassic ; tho Weald clay and the Gault of 
the Cretaceous, and certain Tertiary clays, are 
all used in tho manufacture of building bricks. 
Ball clays, which arc characterised by high 
plasticity and bonding power, are fine-grained, 
sedimentary’ clays of tho Tertiary’ group. 
Thoy are found at Newton Abbot (Devon) and 
Poole (Dorset), and together with china clay 
are used extensively in tho pottery’ industry'. 

The Composition’ of Clay. — .Most clays are 
composite bodies containing, in vary'ing amounts, 
(1) hydrated aluminium silicates, (2) quartz, 
(3) ferruginous compounds, including limonite, 
sideritc, pyrites, and nontronite, (4) nlkalino 
earth compounds, (5) fclspathic and micaceous 
substances, (6) carbonnccous matter. The 
following ultimate nnalyses of some clays will 
illustrate this diversity of composition : 


of Clays. 


Fireclay 

(Stour- 

tirldgo). 



Triassic clay 1 
(Blrmlng- j 
bam). | 

O' 

O' 

O' 

| 

55-24 

44-24 

50-10 

54-32 ! 

1-34 

1-30 

1-54 

0- 78 I 

28-35 

30-92 

24-04 

20-14 | 

2-25 

2-10 

10-72 

6-32 ; 

0-40 

0-22 

2-10 

5-71 j 

0-22 

- 0-14 

0-40 

3-21 

0-84 

0-30 

1-82 

1-40 1 

0-36 

0-10 

0 - 3 G 

0-32 

10-52 

14-10 

8-20 

8-02 . 

99-52 

99 -GO 

99-94 

100-42 } 

rimale Analyses. 



07-0 

90-90 




19-5 

0-50 



j 

7-2 

3-10 



j 


compounds nro not included in tho proximnto 


tho fclspathic matter can lie calculated ns ortho, 
clase, K.O-AljOj-6SIO. (the total nlknlis 
being considered ns KjO), a “ proximate ” 
analysis can be computed from the ultimate 
analysis of a clay. This is a useful device. 

Kaolin or china clay is often regarded ns 
the simplest form of clay. In early investiga- 
tions all clays were assumed to contain a pro- 
portion of clay substance," the composition 
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of which approximated to that of china clay 
» e. that given by the formula 

Al,0,-2SiO,-2H.O. 


J. W. Mellor {Trans Ceram. Soc. 1917. 16. 
73) showed that a crystalline mineral — kaohoite 
—with the above formula could! he isolated from 
china day. He used the term “ clayite 
the supposed non-erystatline ** clay substance," 
which formed by far the greater proportion of 
clays ho investigated. More recently C S. 
Rosa and P. F. Kerr (U S Geol Survey, Prof 
Paper I65E. 1931) concluded that the crystalline 
fraction of kaolin comprises at least three dis- 
tinct minerals, knohr.ite, naente, and diekite, 
all with the formula Al t O, 2SiO, 2H,0 — thus 
explaining the anomalous results obtained by 
previous workers They also emphasised tho 
presence of the non-cry sfalline fraction. It is 
accepted in these days that other hydrated 
aluminium silicates may be present in clays 
Thc«e include halloystte (AI,Oj 2SiO, 4H,0), 
allophanp (A) t O, SiOj nH.O), montmonfion- 
ite (Al t O, 4SiO, H,0+xH,0), bcidellite 
(AI,Oj 4SIO, H,0 + xH.O). pyrophyllite 
(Al,0,-4Si0 I HjO) It is interesting to note 
that there is a complete isomorphous scries 
ranging from beidellitc to nontrorute 
(Fe,0, 3 SiOj nH,0), 
the latter being often found in clays. Further, 
the X ray spectra of montmonllomtc, beidellitc. 
and pyrophy llito are practically identical 
Montmonllomtc and bcidellite have been 
recognised as important constituents of the 
bentonites which are highly colloidal substances 
denied from the weathering of certain volcanic 
ashes (E S Larsen and E T W'heny, J 
Washington Acad Sci. 1923. 15, 465). Recent 
inicstigations using X ray methods have 
further indicated the crystalline nature of most 
of the hydrated aluminium silicates associated 
with clay — particularly kaolimtc, halloysitc, 
lHidcllite, and montmonllomtc. 

R E Grim and R H Bray (J Amer Ceram 
Soc. 1930, 19. 307) haio investigated the mineral 
constitution of thirteen ceramic clays of widely 
different properties They paid particular 
attention to the colloid portion, which was in 
turn subdivided into ( — 1+0 Ip), (—0 1+0 00p), 
and (— O-OCp) fractions A ccntritiigo technique 
{ft. If. Bray, It. E. Gnm and l\ F. Kerr, 
Bull. Geol. Soc. Amer. 1935. 46. 1909) has 
been devised for this purpose. The different 
minerals were identified by optical study with 
the petrographio microscope and chemical 
analysis of the bulk sample and all fractions. 
X-ray diffraction photographs were also 
obtained on the colloidal fractions The non. 
clay minerals aueh as quartz, mica, and glaucon- 
ito were usually found mainly in tho non-colloid 
portion. The clay minerals listed above con- 
stituted tho colloid fractions, and generally 
one or two only were dominant for each type of 
clay studied. Somewhat similar results nave 


examined. One mineral occurring in the colloid 
fraction in most of the clays examined has not 
been idenf died so far. It is desen bed as “sencite- 
hke " and is apparently the same as that named 
“ ghmmerton (mica clay) by K. EndeH, 
U. Hofmann and E. Maegdefrau (Zement, 1935, 
24, 6 25). Gnm and Bray have tentatively 
assigned to it the formula 


been reported by C. W. Correna (Nature Us. 
1930. 24, 117). It is * ' 


s interesting to record the 
fundamentally crystalline character of practi- 
cally all the inorganic clay constituents of 
colloidal dimensions which these workers 


2K,0 3MO 8R l O s -24SI0 1 12H | O 
while Endcll and co-workers state that it 
loses water continuously on heating between 
200° and 600°C. Review mg the evidence which 
they have collected, Gnm and Bray have 
concluded that kaolmite, bcidellite, montmonl- 
lomte, the sencite hke mineral, and halloysita 
••1 the most important clay minerals According 
them, many clays and shales do not appear 
to contain kaolirute at all. 

Different ceramic properties are necessarily 
associated with tho presence of these minerals 
natural clays, but the effects are difficult to 
aluato because of the influence of particle 
:o as well as the specific attributes of each 
mineral In a roughly qualitative manner 
certain influences have been assigned 'Thus, 
drying shrinkage and bonding strength increase 
with the content of bcidellite A characteristic 
of this mineral is its high base exchange 
capacity . hence clays in which it is present 
in quantity w ill be highly sensitive to additions 
of electrolytes Since alkalis and iron are 
commonly present in bcidellite, clajs containing 
appreciable quantities are apt not to bo re- 
fractory, and there is a tendency towards red 
firing colours Montmonllomte exerts an action 
aimilar to. but more pronounced than, bcidellite. 
This can be appreciated when it is stated that 
montmonllomte is the essential constituent of 
most bentonites Kaolimte under comparable 
conditions confers less bonding power and 
induces less shrinkage than does beidelhte. It 
contains no constitutional alkalis, hirf few 
adsorbed basic ions, and its aluminium is not 
isomorphously replaced by iron Thus, it u 
generally refractory and white burning. Both 
china clay and ball clay are kaolmitio clays; 
the high bonding power of the latter results 
from high subdivision of the particles coupled 
with the presence of organic material and some 
bcidellite. The seriate like mineral", oxfen * 
dominant constituent of shales, tinder similar 
conditions of fineness tends to yield lower 
values for the unfired properties than kaoluutc. 
Aa it contains potash and Its aluminium i» 
probably replaceable by iron, it is not rr/raetwy 
and w often red-bummg. 

Tnt Acnox op Heat ox Clays.— The effect 
of heat on clays was early examined by H. L l* 
Chateher (Z phyaiksl. Chem. J8S7, 1, 396)- U» 
observed a retardation m the heating curve of 
crystalline kaolirute at about 650°C. and an 
acceleration in the rate of rise of temperature *t 
•bout J,000°C. J. W. Mellor (Trans Ceram. Soc. 
1910,9,94; 1011.10.161; 1914, 13. 83) made 
similar observations. Thus when " clay sob- 
stance " is heated, an endothermal rtartwa 
occurs in the neighbourhood of 500'CX, and »u 
exothermal reaction between 900° and l.Cwru 
Table 2 gives the thermal data for three re- 
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notions obtained by W. M. Cohn (J. Amor. 
Comm. Soc. 1921, 7, 359, -174, 548; Bor. deut. 
Kcram. Gcs. 1923, 4, 55) ; A. E. MneGec (J. 
Amcr. Ceram. Soc. 1920, 9, 200) ; H. E. Simpson 
(J. Amor. Ceram. Soc. 1927, 10, 897). 


Tadle 2. 


Substance, j 

Heat ab- 
sorption 
on 1 p. 
(500’C.). 

Heat 
eiolullon 
on 1 g. 

(9r*o°c.). 

Authority. 

Chinn clay 

93 cals. 

1G cals. 

W. M. Cohn 

Georgia kaolin 

127 „ 

23 „ 

! A. E. MncGce 

Zcttlitz kaolin 

92 „ 

10 „ 

W. M. Cohn 

Hallo clay 

93 „ 

11 „ 

W. M. Cohn 

Fireclays 

82 „ 

18 „ 

11. E. Simpson 


Quantitative values for the above reactions 
have also been obtained 1)3' L. Nnvins (J. Amer. 
Coram. Soc. 1923, 6, 12G8). In addition to the 
above thermal reactions S. Satoli (Sci. Itcp. 
TGhoku, 1923, (3), 1, 157) concluded from a 
study of his heating curves that a very weak 
exothermic reaction takes place between 1,170° 
and 1,220°C. 

The endothermic reaction observed with many 
ela3'B in tho region of 500°C. is associated with 
the evolution of tho combined water or water of 
constitution. Varying results for the dehydra- 
tion temperature of cla>\s havo been obtained, 
owing probably - to influence of the rate of 
heating. Thus, IT. S. Itouldsworth and J. W. 
Cobb (Trans. Ceram. Soc. 1923, 22, 111) found 
that kaolin lost a small proportion of combined 
"a ter on healing to 4t>0°C. in about 7 days, 
but the mnin loss occurred between 420° 
and 450' , C. It has been further indicated by 
H. Bieke (Spreclisaal, 1911, 44, G37) that kaolin 
is not completely dehydrated nt GOO'C. C. S. 
Boss and lb E. Kerr (U.S. Geol. Survey, Prof. 
Paper, 105E, 1930) hnve indicated that pure 
knolinite loses the largest part of its total com- 
bined voter nt about 450 C C., dickite nt about 
57 VC., and naerite at about G30°C. Some clay 
minerals such as montmorillonite lose a con- 
siderable amount, of their water nt tempera- 
tures of 140'C. This water is probably different 
in nature from the water of constitution of 
knolinite. Dehydration lielow 4 00 ° C . is con- 
sidered to lie due to the presence of colloidal 
constituents such ns colloidal silica, colloidal 
alumina, or “ nlloplmnoid ” substances. Boss 
and Kerr have suggested that the water removed 
on heating the beidcllitc and montmorillonite 
minerals is composed of “ 7eolitic ” wnter, water 
of constitution, and adsorbed water. The chemi- 
cal (hnngc which proceeds nt nbout GtXTC. 
aho influences the combination of the alumina, 
rendering this constituent soluble in hydro- 
chloric acid. .1. \V. Mcllor and A. 1). Hohicroft 
(Trans, (cram. Soc. 1910. 9, 91) consider 
• hat these nb-vrvntions are best expl lined bv 
assuming the complete hrvakdown of the clay 
molecule into free silica, free alumina, and water. 
A, L supported by G. Tnmm.inn and 

*'• *’ n l v (Z. nnorg. them. 1923, 127. 43). 
Other aiewn which have been suggested 


assume that tho water of combination is set 
free, leaving AI 2 0 3 - 2Si0 2 — leverrierito {W. 
Vcmadski, Trans. Ceram. Soc. 1923, 22, 39S ; 
and F. W. Clarke, Bulk U.S. Geol. Survey, 1895, 
125, 32) — or that an aluminium silicate of tho 
type ALOj-SiO.,, together with free silica, is 
formed (J. Samoilov, Trans. Ceram. Soc. 1924, 
23, 338); whilst J. M. Knoto (Trans. Amcr. 
Ceram. Soc. 1910, 12, 350) suggested tho forma- 
tion of two compounds, AL0 3 -Si0„ and 
AI 2 0 3 3Si0 2 . 

In tho neighbourhood of 850° tho alumina 
becomes much less soluble in hydrochloric acid. 
The chemical change occurring between 850° 
and 1,060° has been attributed by- J. TV. Mcllor 
to the polymerisation and crystallisation of tho 
free alumina. Numerous observations on tho 
formation of a crystalline alumino-silicnto in 
clay- bodies at high temperatures have been 
made. J. W. Mcllor and A. Scott (Trans. 
Ceram. Soc. 1924, 23, 327), on firing mixtures 
ofknolin and alumina between 1,200° and 1,700°, 
nnd afterwards treating the material so formed 
with hydrofluoric acid, obtained an insoluble 
residue approximating to the composition of 
silhmanite ( ALOySiO,,) after the treatment 
nt the lower temperatures, nnd mullito 

(3AL0 3 -2Si0„) 

after the treatment at the higher temperatures. 

The more recent work on the X-ray Bpectra 
of kaolin after heating to various temperatures 
has led to different conclusions. J. W. Mellor, 
W. Bragg nnd G. Shearer (Trans. Ceram. Soc. 

1924, 23, 314) state that when kaolinite is heated 
nt about 550° tho crystal pattern of knolinite 
disappears nnd is not replaced by any new 
pattern, nnd thus the products of decomposition 
are devoid of crystalline structure. Tho results 
obtained by- J. F. Hyslop (Trans. Ceram. Soc. 

1925, 24, 402) nro somewhat different. The 
pattern obtained from china clay - heated nt 450° 
ior 5 hours showed no marked change in tho 
position of the knolinite lines ns obtained 
with tho raw- clay, hut showed a deercaso in 
intensity. After heating to 530°C., a faint 
prttern unlike that of alumina or any of the 
■silica modifications appeared, becoming more 
definite at G00° and persisting at 8oO°C. This 
pattern was considered to be duo to a compound 
of the formula AI 2 0 3 -2Si0 2 . After heating to 
9.KTC., the pattern disappeared nnd was re- 
placed by that of mnllite (3AI.0 3 -2Si0;.), 
which liecnmc more intense after heating to 

I, 050°C. With clays containing quartz, heating 
at the higher temperature caused tho trans- 
formation of some of the quartz to cristobalitc. 

J. F. Hyslop nnd 11. P. Booksby (Trans. Ceram. 
Soc. 1928, 27, 93, 299) in a later investigation 
confirmed the above observations nnd in 
addition noted the appearance of a pattern, 
associated w ith crystalline alumina, after In .iting 
to 870'C. This phase disappeared after heating 
to 1,000 C. Many other investigations have 
indicated the appearance of mullite in clivs fired 
to 1, 0.7(1 C. or over. In most cases the presence 
of either cristobalite or tridymite— crystalline 
modifications of silica— has ni'O l>een observed, 
some of which, after heating to very high 
temperatures, appears to pass into solution. 
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As already stated, most days— other than coloured fireclay bricks. It is based on the 
china clay — B«e d in the manufacture of refrac- dissociation of the clay at 500’-600°C. into free 
lory materials, building bricks, and other silica and alumina and the disposition of tha 
ceramic products are impure; in fact, some so- alumina to enter into solid solution with 
called clay s contain less than 40% of “ clay ferric oxide, and thereby produce a paler buff 
substance.” This venation in the constitution colour, at the same time conferring greater 
of clays has its influence on the finng operation, stability on the feme ovide. The alumina, which 
the principle of w hich is to produce from a for any cause, may not hav e taken up the iron 
satisfactorily manufactured and dried clay shape into solution (e g the iron being present as 
a finished product possessing strength, shape, FeO or Fe s 0 4 owing to reducing conditions), 
and such general or particular properties as fit is Jess liable to do so at temperatures over 
it for its subsequent duties. Since hardly any S00 c C. On this basis a rational explanation of 
two clajs are the same in their behaviour bricks with red cores and buff extenors, anil 
towards finng, it must seem that the finng with buff cores and red exteriors, has been 
operation is not capable of much standardise- given. 

tion Net ertheless, in considering the industrial The final period of firing is that associated 
firing operation, three definite penods of import- with the vitnfication of the product. Vitnfica- 
ance stand out. These are (1) the water- tion may be defined as the progressive partial 
smoking period, ranging in normal finng from fusion of the various mineral constituents of a 
ordinary temperatures to about 250“C. , (2) the clay, chiefly including the felspathic, micaceous, 
oxidation period, ranging from 000“ to 850°C. ; calcareous, and ferruginous substances, which is 
(3) the vitrification range from 800“ to the governed by, amongst other factors, the corn- 
finishing temperature (i> A T Green, Trans, position of the body as a whole, the size of tbo 
Ceram Soc 1927,26,110) The water-smoking gram, and the desired texture of the ware. In 
period is concerned with the expulsion of the fact, the object of the heat work during this 
water from the setting of the dried goods m the period is the production of a suitable amount 
kiln, for, even after drying, the ware may of vitrified or glassy material, which will 
contain up to 5% of water In a kiln, full of surround the remaining particles and fill the 
heavy chy ware weighing 100 tons, this means insterstices to an extent dependent on the 
that up to fi tons of water may require to be properties desired in the finished product 
eliminated The inadequate appreciation of the Naturally, then, nitrification, which u the 
control of this stage of the firing may not only partial fusion of certain of the constituents 
set up severe strains and ultimate weakness in of the clay resulting in the coherence of the 
the final product but may also cause the control mass, depends on both chemical and physical 
of the subsequent heat work to be seriously factors. Physically, the gram size has a very 
impaired The oxidation period is mainly considerable influence, for the greater tbo 
contx med with the elimination of carbonaceous surface per unit area, the greater tho inter- 
matter, the oxidation of iron compounds, the action taking place. Chemically, tho nature 
breakdown of carbonates, sulphides, and other and amount of the fluxes present in the clay 
compounds, together with the decomposition of determine tho rate and extent of the reaction 
the i lay molecule with the evolution of the water possible. With fireclay s the rate of vitrification 
of constitution During this stage many pro- is slow up to temperatures in the neighbourhood 
pcrtics are determined 111 the firing of bricks ofl,200“C. Many clays used in tho manufacture 
made from fireclay, carbonaceous matter of budding bricks such as Oxford day s or Tnassic 
and the iron compounds may cither individually clays show rapid vitrification at temperatures 
or together form “ black cores " or “ dis- ranging from 900“ to 1020°C. The range of 
coloured centres ” The nature of the iron temperature during which the actions involved 
oxide winch forms during firing depends upon in vitrification take place to any appreciable 
the amount of oxy gen a\ a liable, the steam in the extent vanes very considerably. \\ ith calcareous 
atmosphere and the rate of rise of temperature, and highly micaceous clays this range u verjr 
In a limited supply of oxygen or in an excess of small, being of the order of 50°, but with 
steam, ferrous compounds will be formed or good fireclays the range during which appreciable 
maintained, while under strongly oxidising effects are evident isoftenfrom l^SlPtoMCHfC. 
conditions, during the oxidation period, feme Here, then, is the crux of successful heat work, 
compounds will be formed The formation of for it is essential to produce such an amount of 
*' black cores " is often due to a deficiency of air vitrified matter which gives strength with resih 
during this stage, so that the carbonaceous cnce without affecting the shape of the product, 
matter of the clay is incompletely oxidised. Thus, J. W. Mellor has pointed out that the 
anti the iron remains in the ferrous condition chemistry of the firing of clay wares is the 
forming a fusible ferrous silicate, which causes chemistry of arrested reactions 
an early vitrification in the interior of the pro- The measurement of (1) the change in porosity 
duct. It It obvious, therefore, that tho rate of and (2) the linear contraction of • clay when 
rise of temperature during this penod must bo fired to different temperatures can give gu'ilmg 
most cart fully controlled and that the steam information concerning its behaviour dunbg 
formed owing to the decomposition of the clay the vitnfication. Contraction data are very 
must be quickly eliminated, the kiln atmosphere useful In the manufacture of clay product* 
thus liav ing to be carefully regulated. which must be made reasonably true to ,IZ * toa 

J. W. Mellor (Trans Ceram. Soc. 1933, 32. shape. F. R. Ennos and A. Scott (Mem- 
403) has brought forward an explanation of Gcol. Survey, Fireclays, 1925, 28, 3) have F* f * 
certain colour edicts due to iron oxide in buff- the porosity-temperature curves of m* n y 
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clay, s. They divided clays into a number of 
groups depending on t ho rate of decrease of 
porosity with temperature. Such a classifica- 
tion gives some indication of the maturing 
conditions necessary to produce a satisfactory 
product. In certain instances the clays show a 
steady decrease in porosity with temperature of 
firing, pointing to a prolonged vitrification, 
whereas with others there is obviously a 
temperature at which the clay starts to vitrify 
with great rapidity. 

It hns already been indicated thnt siliceous 
fireclays contain free quartz varying in grain 
sizo from sub-microscopie particles to grains of 
appreciable magnitude. After firing, much of 
this quartz may remain ns such embedded in 
the matrix or supporting structure of the fired 
body. Depending on the duration of the fire, 
the sizo of the grain, and the nature of the 
matrix, some of the quartz may be transformed 
into eristobalite. It docs not follow, however, 
thnt a high silica content in the original clay 
will produce high quartz or eristobalite content 
in the fired product. The quartz, at lenat some 
of it, may go into solution in the viscous flux 
during vitrification and remain in this state 
after cooling. When silica is thus dissolved, the 
characteristic reversible expansions associated 
with the prcscnco of qunrtz or eristobalite 
disappear. 

Tin: Elasticity or Clays ; Suspensions. — 
The plasticity of clay’ may be defined ns that 
property which enables it to chango its shape 
under the action of a deforming stress without 
cracking and without any tendency to resume its 
original form on the removal of the stress. 
In certain theories plasticity hns been attri- 
buted to (1) the size and shape of the particles; 
(2) the physical properties of the water film 
surrounding the day particles; and (3) the 
colloidal contents of fho clay. Clays differ 
widely in plasticity, but in general such clays 
ns ball clays and bentonites possess the greatest 
plasticity. Certain fireclays, in their natural 
condition, are elmly, and requiro fine grinding 
with water to develop plasticity. Some clays, 
e.p. certain aluminous fireclays and china clays, 
show little plasticity, these being technically 
described ns “ lean ” or “ short ” ns opposed to 
ball clnvs which nro termed “ fat.” The 
amount of water required to produce maximum 
workability vnrics widely with the clay, “ short ” 
clays, in general, requiring less water than 
“ fnt " clays. <T. \V. Mcllor (Trans. Ceram. 
Foe, 1022, 21, 95) has shown thnt the water 
content required to produce maximum work- 
ability decreases with the pressure applied to 
the clay in working. In the plastic, stiff- 
plastic, and semi-dry processes of manufacture 
this fart is utilised. A clay which requires, sny, 
of water for the plastic method may bo 
successfully moulded under high pressure (200 
kg. ]kt sq. cm.) with a water content of, say, G%. 
Although no satisfactory method of obtaining 
an nb-ulutc measure of plasticity exists, ninny 
empirical tests have boon used. In work? 
practice, plasticity is usually gauged by “ feel.” 
a manual treatment of pulling, bending, twist- 
ing and wedging lnring Used. Laboratory tests 
include the Yient needle test (r. Voi. II, p. 144«), 


the measurement of the flow of clays through dies 
and tubes, and tho measurement of the effects 
of tension and compression on cloys containing 
controlled amounts of water. A highly plastic 
clay hns, in many eases, a high tensile strength 
in the dried state. This fnct is sometimes used 
as tho basis of an indication of plasticity. 
E. C. Bingham (“ Fluidity and Plasticity,” 
New York, 1922) has developed a formula for 
the plnstic behaviour of solids in which tho 
plastic flow is related to the applied stress, 
yield value and tho viscosity coefficient. T. W. 
Talwalknr and C. W. Parmclee (J. Amer. Ceram. 
Soc. 1927, 10, G70) have studied the stress-strain 
relation of clays by means of tho torsion testing 
of cylinders of clay and hnvc found tho Bingham 
equation satisfactory. In these investigations 
important technical characteristics of different 
clays have been indicated. E. O. Wilson 
(,T. Amer. Ceram. Soc. 1930, 19, 115) hns also 
investigated plnsticity by means of a torsion 
machine giving Btress-strnin relationships. Tho 
results indicate that plnsticity is duo to tho 
prcscnco of stable viscous water films held on 
the surface of the particles ; theso in turn 
depend on the shape and surface activity of tho 
particles. Clays show the highest plasticity 
becauso in addition to a plntc-liko structure 
they have a high surface nctivity. Tho older 
platc-structuro and tho colloid theories nro 
thus blended. It. E. Wilson and F. P. Hall 
(J. Amer. Ceram. Soc. 1922, 5, 91 G), G. W. 
Scott Blair and E. M. Crowther (J. Phys. Client. 

1929, 33, 321), G. W. Scott Blair (J. Rheology, 

1930, 1, 127; Trans. Ceram. Soc. 1931,30, 138) 
have reported valuable investigations which 
have a bearing on tho fundamental conception 
of the plnsticity of clays. 

Tho workability of n wet clny may be increased 
by storing in a cool, damp place for a period of 
time. This process, known ns “ souring,” 
gives a more even distribution of water through- 
out tho mass nnd makes the clny tougher. 
Souring may bo hastened by the addition of 
small quantities of certain organic substances, 
such ns gums, tannin nnd humus, which favour 
the growth of certain bacteria. D. P. Glick 
(J. Amer. Ceram. Soc. 103G, 19, 1G9) has 
studied tho micro-organisms present in six 
types of clay. By comparing the properties of 
raw, aged nnd sterile clays ho has shown thnt 
the presence of living organisms are contributory 
factors to the ageing of clays. Traces of somo 
salts affect plasticity considerably, a small 
quantity of acid increasing tho workability and 
strength, whereas tho addition of alkali has nn 
opposite effect. The plnsticity nnd drying 
shrinkage may bo decreased by tho addition of 
non-plastic material, such ns sand or fired clny 
material (grog), nnd by suitable blending of 
different substances bodies of varying degrees 
can lie obtained. 

Elutrintion determinations show thnt 6S- 
9S% by weight of bail clays consists of particles 
smaller thnn 0010 mm. diameter. H. G. 
Scburccht (J. Amer. Ceram. Hoc. 1920, 3, 355) 
found that an English ball clay contained 81% 
by weight of particles of size less than 0 0005 mm., 
whilst some English china clays contained only 
of such particles. J. J. T. Schlccsing (C’ompt. 
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rend. 1874, 79, 376, 473} succeeded in removing Throughout tho first stage, the rato of drying 
1-4% of material of a colloidal nature from a of a clay under constant conditions of temper^ 
certain clay, whilst J IV. Jailor (Trans. Ceram, tare humidity is constant for unit area of snr. 
Soc. 1922, 21, 9o) removed only 05% from face, for during this stage there is a com. 
another. In general, clays in suspension have an paratively free flow of w ater to the surface, 
acid reaction, the p B range according to F. P. When the “ leather-hard ” stage is reached the 
Hall (J. Amer. Ceram. Soe. 1923, 6, 901) being free flow of the water to the surface is prevented, 

3 10-7 37. Methods for the more accurate with a consequent falling off in the rate of 
measurement of the particle size of clays have drying Tho shrinkage of the surface of a block 
been put forward by A H. M Andrea sen of clay rehtiv e to the interior causes tensions! 
(Bor, deut Kcram. Ges. 1930, 11, 249. 675), strains to be set up m this superficial material. 
It. T. Knapp (Ind Eng Chem 1934, 6. 66), If drying is too rapid these strains become great 
C. It. Ambcrg (J Amer. Ceram Soc 1936, 19, enough to cause rupture and cracking. Care 
207). The particles in a clay slip are negatively has to be taken that the greatest safe rate of 
charged and can be deposited on an anode dry ing is not exceeded. This safe rate depends 
immersed in tho clay slip On suspending a on the texture of the clay or clay-ware 
clay m distilled water, the coarse particles One of the commonest methods of drying 
settle out rapidly and the clay matter remains das products in industry is by means of the hot 
suspended for a length of time, the suspension floor. In this method the moulded articles ire 
containing particles smaller than 1 1 micron placed directly on the heated floor of a large 
This suspension is topically colloidal, and shed. The chamber dryer consists of an en- 
exhibits the Brownian movement, Tyndall closed space with means for heating and 
effect, and cataphoresi* Additions of email ventilating In the tunnel dryer the goods are 
quantities of acid to a clay slip cause flocculation; earned, and dried by steam pipes, hot gases, or 
the aridity at which maximum flocculation othermeans All types of commercial dryers ire 
occurs vanes with different clay*, according to subject to very wide venations m design to meet 
Ilall, from a p u of 2 7 to 4 0 At this point the the requirements of different branches of the 
negative rharge on the clay has been neutralised clay industry. H. H. Macey (Trans. Ceram. 
Small additions of alkalis to a clay slip defloccu Soc 1934, 33, 92), T K. Sherwood and E. W. 
late the clay, the particles remaining suspended Commge (Ind Eng Chem 1933, 25, 1, 118, 
for A longer time, and the viscosity of the 134) and F. II Norton (J. Amer Ceram Soc. 
slip being reduced If alkali be added in excess 1933, 16, 86) have made useful contributions to 
the viscosity is increased and the clay becomes the study of the drying of clays, 
flocculated Thus, a casting slip, which Analysis or Clays. — Central — The eon- 
ordinanly would be too thick to pour, can be stituents determined in a normal clay analysis 
successfully cast by the addition of controlled are sihea, the ovidcs of aluminium, iron, 
quantities of sodium silicate and sodium titanium, calcium, magnesium and the alkali 
carbonate Protective colloids such as gelatin (sodium and potassium) oxides, together with the 
and gum arabic, when added to a clay elip, may loss on ignition. 

. retard flocculation Clays show selective ad- Many other constituents, eg. the oxides of 
j sorption ; R. F. GelJcr and D. R Caldwell manganese and barium, sulphuric and phos- 
(3. Amer. tWam Soc 1921, 4, 468) found that phone anhjdndcs, carbon dioxide and carbon, 
kaolins could adsorb sodium hydroxide to the may hove to be determined in special cases 
extent of 1 25% on the dry weight of clay. The lost two are included under tho loss on 
Clay* adsorb the basic ions of common salts, ignition in a typical analysis. The limit* of 
such as banum chloride and copper sulphate, permissible error are usually taken to bo 
In preference to the arid ions, whilst larger ±0 5%, though different analysts work to 
molecules of organic dves, « g methylene blue, different limits If the analysis falls sensibly 
are also adsorbed The mechanism of the below 09 5% a qualitative examination must be 
reaction of clays slips lo electrolytes has been made to identify the constituents which bars 
discussed by C J )\ hitlatrb (J. Amer Ceram escaped determination in tho normal course cl 
Soc. 1931, 14, 154), F. L Clark (Trans Ceram, the quantitative work. 

Soc. 1933, 32, 1), 1) L. Peek and D A McLean Sampling — It is imperative to sample care- 
(Ind.EngChcm 1 93 1,6, 85) and Z W.Wolkowa fully the finely ground material, otherwise 
(Kolloid 7 1934, 67, 2S0). the analysis will not be a representative one 

The Ekmvq or Clay — The shrinkage of and consequently of little value, 
clay during drying from the plastic state Determination of the Hygroscopic Moisture — 
takes place in two principal stages During About 5 g. of tho finely ground material *** 
the first tho change in volume is equal to the dried in an air-bath or toluene oven at 105 to 
volume of water lost; at a certain moisture llOX until there is no further loss in weight 
content the clay becomes what is technically (about 3 to 4 hours is generally suflirimt). 
known as “leather hard," and at this point It w not usual to determine the hygroscopic 
the clay particles are in contact and shrinkage moisture as normally the analysis is mado on tbs 
practically ceases During the second stage, dned sample. . 

from “ leather hard ” to dry, there is a small Determination of the Loss on Ignition. — I P “ 
residual shrinkage attributed to loss of colloidal the dry material is heated in a platinum 
water and to closer packing of the clay grams for 15 minutes over a email flame, then for 30 
The transition from the first to the second stage minutes over a good M6ker burner, with to* 
I* not ludden, there being an intermediate stage, hd on for the last 10 minutes. The rrU ^\". 
which vanes considerably with different clays. and contents are cooled in a desiccator, weigh , 
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Again heated for 10 minutes over the Meker 
burner and tho weight again checked after 
cooling. 

Low results are usually due to the incomplete 
combustion of cnrbonaccous matter, whereas 
losses by spurting, produced by too rapid 
ignition (especially if carbonates be present), 
generally account for high results. 

])c termination of the Silica. — Tho ignited 
material in the platinum crucible is intimntely 
mixed with 10 to 15 g. of anhydrous sodium 
carbonate. (Some analysts prefer to weigh out a 
fresh gram of tho dry un-ignited material.) 
The lid is placed on the cruciblo nnd tho mixture 
gently heated over a Meker burner nnd finally 
fused nt a bright red heat until the contents 
arc in a state of quiet fusion, usually 15 to 30 
minutes are required. The crucible is allowed to 
cool on a clean unglnzcd tilo ; it is then half-filled 
with water nnd carefully heated over the tip of a 
small (lame whereby tho cake can usually be 
detached cn bloc, from the crucible. Tho cake 
nnd washings from tho crucible arc placed in a 
dry 250 c.c. basin, glazed on tho insido only ; 
after adding about 100 c.c. of water tho basin is 
covered with a clock glass and 25 to 30 c.c. of 
concentrated hydrochloric nc id ore added from 
n pipetto through the lip of the basin. When the 
first violent reaction is over the basin is warmed 
on a water bath until all action has censed and 
the cake has disintegrated. Any drops on tho 
undersido of tho clock glass nro rinsed into tho 
basin ; tho plntinum cruciblo nnd lid are 
■trashed with hydrochloric acid nnd hot water and 
the washings also poured into tho basin. The 
cake is now crushed to powder with a smnll agate 
pestle nnd the solution evaporated to dryness 
on a water bath until the smell of hydrogen 
chloride is no longer perceptible. When crystal- 
lisation has started tho 6cmi-solid mass must bo 
repeatedly broken up with the end of a glnss 
rod. Tho basin nnd contents nro now baked 
in an air oven nt 12(TC. for 1 hour. Tho mass is 
moistened with concentrated hydrochloric acid 
and 75 c.c. of hot water added. After n few 
minutes’ digestion the liquid is filtered and tho 
residue washed with hot water until free from 
chlorides. Tho filtrate is returned to the basin, 
again evaporated to dryness, baked, digested 
with hydrochloric acid nnd hot water nnd filtered 
ns in the first instance. The wet filler papers are 
transferred to n weighed platinum cruciblo nnd 
carefully dried nnd charred without ignition 
over a burner with a mushroom head. Tho 
carbon is then burnt ofiT slowly over n Bunsen 
hunter nnd tho cruciblo nnd contents finally 
ignited for 30 minutes over n Meker burner, 
with the lid in position for the Inst 10 minutes. 

The crucible is weighed and the result entered 
as “ weight of crucible plus silica nnd residue." 
The silica contains traces of the oxides of alumi- 
nium, iron nnd titanium. Accordingly, it is 
treated with two or three c,c. of dilute sulphuric 
acid to prevent the subsequent volatilisation of 
titan ir fluoride at red heat. About 15 c.e. of 
hydrofluoric arid are added, n few drops at a 
time, and, after placing the crucible eccentrically 
on a sand bath, the solution is slowly evaporated 
to dryness. When all the hydrofluoric acid has 
'■con expelled, the sulphuric acid can l»o rapidly 


nntl safely volatilised by heating the rim of tho 
crucible, carefully, with the naked flame. 
The outside of the crucible is wiped free from 
sand ; tho crucible is then ignited for 5 minutes 
and weighed when cool. The result is recorded 
ns “ weight of crucible plus residue.” Tho 
difference between the two weighings gives tho 
amount of silica in the sample. Subsequently 
the ammonia precipitate is ignited in this cruciblo 
along with the silica residue. 

Normally the weight of tho silica residue docs 
not exceed 10 mg. ; a residue much in excess of 
this figure usually indicates the prcsenco of 
barium sulphate or of relatively largo quantities 
of titanic oxide in tho material under analysis. 
In such cases tho silica rcsiduo is fused with n 
smnll quantity of potassium pyrosulphnto, tho 
cake extracted nnd digested with diluto buI- 
phurie acid until completely disintegrated. 
The solution is filtered ; tho residue, if any, 
washed free from sulphates, ignited nnd 
weighed ns barium sulphate. The filtrnto from 
tho barium Bulphato is added to the main 
bulk of filtrate from tho silica. 

The Ammonia Precipitate. — Tho filtrnto from 
the silica is heated to 80° to 00°C. nnd 2 to 3 g. 
of solid ammonium chloride are added to it, 
followed by n slight excess of concentrated 
ammonia, drop by drop ; the solution iB 
simultaneously stirred well and then filtered, 
after standing for 5 minutes. If the clay con- 
tains mnngancse, which will bo indicated by tho 
green colour of the cake after fusion with sodium 
carbonate, 2 to 3 c.c. of bromino water nro 
added to tho solution before tho two ammonia 
precipitations, otherwise the procedure iB as 
described above. The precipitate is filtered nnd 
immediately washed four or five times with hot 
water ; a hole is made in the apex of tho 
filter paper nnd tho precipitate washed back 
into the beaker from which it has just been 
filtered. 1 Tho filter paper is then washed freo 
from chlorides nnd kept for ignition. Tho 
washings arc collected in tho beaker containing 
tho precipitate. The precipitate is rcdissolved 
in n slight excess of concentrated hydrochloric 
acid ; the solution, after dilution, heated to 80° 
to 00'C. and again precipitated by adding 
excess of ammonia, drop by drop with constant 
stirring. Tho liquid is filtered into tho beaker 
containing tho first filtrate and the precipitnto 
washed repeatedly with small quantities of a hot 
nlknlino solution of ammonium nitrate (2 to 3 g. 
per litre, made just nlknlinc with nmmonin) 
until free from chlorides, but on no nccount 
must the ammonia precipitate be allowed to 
run dry. 

The filtrate is evaporated to about 75 c.c. 
and 2 to 3 c.c. of ammonia are ndded nnd the 
excess l>oiled ofb The liquid is filtered nnd tho 
precipitate washed free from chlorides with tho 
ninmonium nitrate solution. The filtrate is kept 
for the determination ofi lime and mngnesin. 
The three filter papers used in the ammonia 
precipitation arc transferred to the crucible 
containing the silica residue and the papers 

1 When the ammonia precipitate does not exceed 
W, only a slicht excess of ammonia Is added to the 
(lltratr from tie- silica and the excess Is boiled off. One 
precipitation only is necessary. 
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are slowly dried and charred over a mushroom 
burner. The temperature is then raised until 
all the carbon b burnt off and the crucible 
finally heated, with the hd on. over a 3I£ker 
burner until its weight is constant. 

After weighing, the ignited Guides are very 
Blowly dissolved in the crucible by fusion with 
6 to 8 g. of pure fused potassium pyrosulphate. 

The cake when cold is detached from the 
crucible and transferred to a porcelain basin and 
about 150 c.c. of water and 20 tt. of concen- 
trated sulphuric acid are added to it ; the 
crucible is well rinsed out with hot water and the 
washings poured in the basin. The nurture is 
heated on a water bath until all is dissolved; 
the solution is then cooled and diluted to 250 c c. 
in a graduated flask to give the stock solution for 
the determination of iron and titanium oxides 

Determination of Ferric Oxide — When the 
amount of feme oxide docs not exceed about 
6%, a colorimetric process is used, while for 
larger amounts the determination is made by the 
ordinary permanganate, process. The colour of 
the eample in the crucible after the determine 
tion of the losa on ignition is a good criterion as 
to which process is the better. For the colon- 
metnc determination an aliquot portion of the 
stock solution, obtained from the pyrosulphate 
fusion, is diluted to 250 c c. in a graduated 
flask to give the test solution 25 c c. are 
taken for a normal clay, or other rnatenals, 
containing 1% or less of feme oxide. 6 c.c. 
of the standard iron solution 1 are diluted to 
100 cc in a graduated flask and a portion of 
this solution is transferred to a burette reading 
to 0-1 c c., while a similar burette is filled with 
distilled water Two small test glasses, of pure 
white glass, are respectively filled with a mature 
of (a) 10 cc. of the potassium thiocyanate* 
solution with 10 cc. of a buffer solution of 
potash alum » and (b) 10 cc. of the potassium 
thiocyanate solution with 10 c c. of the test 
solution The diluted standard iron solution is 
added from the burette to the potash alum 
solution and an equnaJent amount of distilled 
water from the other burette to mixture (6), 
stirring thoroughly after each addition, until 
the tints in the two test glasses are the same. 
The tints are viewed against a neutral back- 
ground by light transmitted through the sides of 
tbe glasses. 

If more than 6 to 8 c.e. of the diluted iron 
solution arc reeded, errors are likely to result 
owing to the difficulty in judging the equality 
of tint in concentrated solutions of feme thio- 
cyanate. A weaker test solution must, therefore, 
be made by diluting 10 or 5 cc. of the stock 
solution to 250 c.c. 

'Standard Iwi Solution — Dissolve 0 6040 b. of 
pure ammonium ferric alum In water, add Sec. of 
concent rated sulphuric add, and dilute the solution to » 
litre In a graduated flask. ice -0-0001 a Fr.Oj 

* i'ohuttvm Thiocyanate Solution — 07 g (1 g 
molecule) of the salt per litre. 

* 1‘otath Alum Solution.— o 05 g of alumina, pre- 
pared by strongly tailing pure ammonium alum In a 
platinum di’h, ts fused with s g of potassium pyro- 
auiphate The cold cake U extracted with water, 
10 c c of concentrated sulphuric arid are added, and the 
solution Is made up to t litre. This solution t» used to 
counteract the effect of the aluminium sulphate la the 
teat solution on the tint of tbc ferric ttilocj suite. 


Calculation. — Using 1 g. of material and the 
above-mentioned dilutions, the percentage of 
F e,Oj is given by 7/8, where V is the number of 
c.c. of diluted standard iron solution required to 
give a match in colour. If the 250 c c. of test 
solution contains c c c. of the stock solution, the 
percentage of Fe,O a is 25 7/8 p. 

Determination of Titanic Orxdt . — 50 c e. of the 
stock solution, obtained from the pyrosulphate 
fusion, are pipetted into & 100 cc. graduated 
flask, 10 c c. of 20 vols. hydrogen peroxide 
(free from fluorides) are added, and the mixture 
made up to the mark. 5 c.c. of standard 
titanium solution 1 and 10 c.c. of hydrogen 
peroxide are similarly dilated to 100 c c. Ons 
of the test glasses used in the iron determination 
is about half filled with the solution to be tested. 
10 c c. of diluted standard titanium solution ire 
pipetted into the other glass and water added 
to it from a burette, with frequent stirring, 
until the tints of the two liquids, compared a* 
indicated in the previous determination, match. 

Calculation. — If 1 g. of materia! be taken, with 
the dilutions given above, the percentage of 
TiO f is 25/(10+7), where F is the number of 
c c. of water added to the 10 c c. of dduted 
standard titanium solution to produce equality 
of tidt. When t) cc of the stock solution are 
dduted to 100 c.c. the percentage is . 

1250/(10+ 7)1-. 

Determination of Alumina.— The weight of the 
ammonia precipitate less the weights of tbs 
ferric and titanic oxides an^ the filter ashes, 
used in the silica separation and the ammonia 
precipitations, gives the weight of alumina in 
the sample. 

Determination of Managnett Ortde — Tbe per- 
centage of manganous oxide, though rarely 
required in a clay analysis, can be estimated 
colorimetricaDy as follows. 

A suitable quantity — say 5 c c —of a standard 
manganese solution * is pipetted into a 100 c e. 
graduated flask and to it is added 10 c c. of * 
0-2% solution of silver nitrate and 1 g of 
ammonium persulphate. The flask is heated 
on a water bath untd a pink colour develop* 
By the time the contents of the flask have cooled 
to atmospheric temperature the colour, due to 
the permanganate produced in the oxidation, 
will nave reached its maximum intensity. Tbs 
solution is then diluted to 100 cc. A brown 
precipitate on oxidation with the pereulpbat* 
shows that insufficient silver nitrate has been 
used. In this case the solution is reduced by 
adding a few c c. of sulphurous acid and re- 
oxidised, after the addition of another 10 cc. 
of tbe silver nitrate solution. 

The stock solution, resulting from tho pyr°- 
sulphate fusion, generally contains traces 

' Standard Titanium Solution — 1 B Of pure tlt»"l e 

oxide 1* fused with 10 (f of potassium Vi rosiilphat* 
The cold cake is extracted with water and 20 ct “ 
concentrated lulnhnrtc arid arc added 1 he mlxtsre 
Is Stent ly warmed on a water bath until the eakr &»• 
completely dissolved, when the solution Is dilut'd io 
llltre. 1 cr -0 001 B.TlO, . ...... 

* Standard J tanganeee Solution — Dissolve 0-JI45 > 
of pure mansinou* sulphate, M«50..SH,O. In water: 
aridity the solution with a few cc. of ctmeentri«« 
sulphuric add, and dilute to I litre. 1 C e.— Otwl I 
CfrtnO. 
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chloride*! which interfere with the determination. 
Hence CO c.c. of it nro boiled and the chlorides 
precipitated by the addition of silver nitrate. 
The solution is filtered and the precipitate 
washed, the filtrate and washings being collected 
in a 100 c.c. graduated flask. 

10 c.c. of 0-2% silver nitrate and 1 g. of 
ammonium persulphate aro added to the filtrate 
and the mixture warmed, cooled and diluted to 
the mark, as in the preparation of the standard 
permanganate solution. Tho tints of the 
standard and tests solutions are then matched 
exactly as described under tho colorimetric 
determination of titanic oxide. 

Calculation . — If tho volume of water, taken 
to dilute the standard solution to the same depth 
of colour ns tho test solution, bo v c.c., then, with 
tho dilutions given above, the percentngo of 
manganous oxido in the clay is 2-5/(10 -*-p). 

Determination of Lime . — The filtrate from tho 
ammonia precipitate is boiled for a few minutes 
with 1 to 3 g. of ammonium oxalate, and 5 to 10 
c.c. of concentrated ammonia aro added. 
After stirring well, tho mixture is warmed on 
a water bath for 2 hours. Tho liquid is 
filtered, tho precipitate washed two or three 
times and the filtrate reserved for the mngnesia 
determination. A hole is made in the apex of the 
filter paper, the precipitate washed into tho 
beaker from which it has been filtered, and 
rcdissolvcd by running a fow c.c. of nitric acid 
over tho filter paper into the honker containing 
the precipitate. Tho filter paper, after washing, 
is rejected. The solution is boiled, again 
precipitated and warmed for 2 hours ns before, 
nfter which it is filtered and tho prccipitato 
w ashed free from chlorides. The filtrate is added 
to that from tho first precipitation. Tho 
precipitate is slowly charred and then ignited 
in a platinum crucible and finally heated over a 
Mf-ker burner for 15 minutes, with tho lid on the 
crucible for the Inst 5 minutes. Tho crucible, 
when cool, is rapidly weighed, again ignited for 
5 minutes and the weight checked. 

Tho percentage of lime is calculated from tho 
weight of the residue less the weight of filter 
ash. 

Dt termination of .Magnesia . — The combined 
filtrate from the calcium oxalate precipitate is 
boiled with 1 to 2 g. of sodium ammonium phos- 
phate; about 10 e.e. of concentrated ammonia 
are added and the solution is allowed to stand in 
the cold for at least 3 hours. Tho mixture is 
then thoroughly stirred and filtered and the 
precipitate washed onco with cold water whiie 
the filtrate is rejected. A hole is made in tho 
u[«'\ of the filter paper, the precipitate washed 
into tho honker from which it has just been 
filtered and the magnesium ammonium phos- 
phate dissolved in n lew e.e. of nitric acid, in the 
( "a>‘ dcM'rilied tinder the determination of lime. 
The solution is again precipitated, exactly ns 
indicated above. Tho cold solution, after 
standing, is vigorously stirred, filtered through 
an ignited ami weighed Gooch crucible and 
washed with n cold 10% ammonia solution 
Until a few c.c. of the washings give no pre- 
cipitate with a nitric acid solution of silver 
nitrate. The precipitate is dried, ignited, 
cooled, and weighed as magnesium pvro- 
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sulphate — the conversion factor to magnesium 
oxide being 0-3621. 

Estimation of Alkali Oxides. — 0-5 g. of tho 
very finely powdered dry substance is thoroughly 
ground up with about 0-5 g. of ammonium 
chloride and 3 g. of calcium carbonate in an 
agate mortar, and the mixture transferred to a 
platinum erueiblo. The mortar is “ rinsed out ” 
with another gram of calcium carbonate and 
tho “ washings ” added to tho mixture in tho 
crucible. After well stirring the contents with a 
glass rod, the crucible is heated over a small 
Bunsen flamo for about 15 minutes, during 
which period tho crucible is partly covered by 
tho lid. When all tho ammonium salts liavo 
volatilised the lid is placed in position and tho 
lower third of the crucible heated to dull redness 
for 1 hour, hut tho cake must not bo fused. 
Tho crucible is cooled, tho cake transferred to a 
porcelain basin and the crucible thoroughly 
rinsed out into the basin with hot distilled 
water. After a few minutes the cake is gently 
powdered in the basin with an agate pestlo; 
tho mass is then digested with about 80 c.c. of 
hot water for 30 minutes, filtered and tho 
residue washed with hot water until tho wash- 
ings occup 3 * 120 to 150 c.c. The residue must 
bo well washed, particularly if the amount of 
alkalis is large. The residue is rejected. 

The filtrate is heated to 80° to D0°C. and 10 c.c. 
of ammonium carbonate solution 1 added to 
precipitate the lime. The liquid is filtered and 
the filtrate retained. A hole is made in tho apex 
oft he filter paper, the precipitate washed through 
into tho beaker from which it was filtered nnd 
rcdissolvcd in about 5 c.c. of hydrochloric acid. 
The solution is boiled, a slight excess of ammonia 
nnd ammonium carbonate added nnd the liquid 
filtered into tho vessel containing the first 
filtrate, tiie residue being well washed. 

Tho combined filtrates nro evnporated to 
dryness in a lnrge plntinum or silica dish. 
Tho dish is then covered with a clock glass nnd 
baked for an hour at 120°C. in an air oven. 
After removing tho clock glass, the dish is 
ignited nt n dull red heat until all the ammonium 
salts liavo volatilised. The cold residue is 
moistened with nbout 3 c.c. of ammonium 
oxalate solution, in order to precipitate tho 
Inst traces of lime, and allowed to stand for 
12 hours, after covering with a clock glass. 

The mixture is filtered into n small platinum 
dish nnd the residue washed with ammonium 
oxalate solution. The filtrate is evaporated 
to dryness on a water hath, but, ns the liquid 
inns- spurt during the early stages of the 
evaporation, tho di«h is covered initially with 
a clock glass and any liquid adhering to the 
glns.s is subsequently washed back into the dish. 
When dry, the residue in the dish is ignited and, 
when cold, the contents are moistened with a 
few drops of concentrated hydrochloric acid, 
again evaporated to dryness, ignited nt a low red 
heat, cooled and weighed. The residue is then 
wnriicd out witli hot water into a small porcelain 
basin nnd the platinum dish again ignited nnd 

1 .tni-inliun Carbonate Solution . — 100 c. of pure 
rt*ublimeJ ammonium carWate are <ib«n|ic<l In lot) 
e.e. of cono nt rated ammonia («p.er. D S-MI) and the 
solution diluted to ioo e.e. with water. 



weighed. The difference in weight gives the 
weight of al kali chlorides. 

Unless the reagents ate definitely known to be 
free from Alkali*, a blank determination of the 
alkalis as chlorides most be made on an equivalent 
weight of ammonium chloride and calcium 
carbonate. The amount found, if any, is 
deducted from the weight of mired chlorides. 

If the silicate contains appreciable quantities 
of sulphur compounds, the alkalis will be 
obtained partly in the form of sulphates at this 
stage. In such cases, before the final pre- 
cipttation of the lime, the sulphates are con- 
verted to chlorides by the addition of a little 
barium chlonde solution, followed by a few drops 
of ammonium carbonate solution to precipitate 
the excess of barium 

A few drops of perchloric acid (sp gr 1 20) 
are added to the liquid m the porcelain basin, 
at the rate of 6 C c per g of mixed chlorides, 
and the solution evaporated almost to dryness 
on a water bath in Bn atmosphere free from 
ammonia fumes 10 c c. of water arc added 
and the solution again evaporated to dry ness 
The residue is at once treated with alcohol wash 
liquor 1 and immediately filtered through a 
weighed Gooch crucible which has been pre 
viously heated to 120°C for 1} hours The 
residue is washed with about 30 e e of the 
alcohol mixture and the crucible and contents 
dried for 1 hour at 120°C and weighed The 
weight of the precipitate represents potassium 
perchlorate which is calculated to potassium 
chloride and deducted from the weight of 
mixed chlorides to give the weight of sodium 
chlonde The equivalent amounts of the 
alkali oxides are then calculated. 

The conversion factors arc potassium 
perchlorate to potassium chloride, 0 5381; 
potassium chlonde to potassium oxide, 0 6317, 
sodium chlonde to sodium oxide. 0 5302 

(This section on the analysis of clays has 
been written by Mr. II V Thompson, M A ) 

Literature — The reader should consult original 
papers in the Transactions of the Ceramic 
Society (England), the Journal of the American 
Ceramic Society, Benchte dcr deutschen 
Keramischen Gesellschaft, etc Other n orks are 
J. W. Mel lor, “ Comprehensive Treatise of 
Inorganic and Theoretical Chemistry,” London, 
1935, vol VI (The Silicates), H Wilson. 
*' Ceramics, ” New York, 1927 , Collected 
Writings of II. A. Soger, Easton, Pa , 1902 

CLAY- 1 RON STONE r Ciialx bite 

CLAYITE. A name suggested by J W 
Mellor in 1909 for the non-crystalline variety of 
kaolinitp, H . Al,Si,0,, of which china clay 
and most other clays are largely composed 
The same name had been earlier used by 
IV. J. Tavlor, in 1859, for an uncertain altera 
tion product (of tetrahednte ?) composed of 
sulphur, arsenic, antimony, lead, and copper. 

L. J. S. 

* Jlevtiol ifetS L'TUor — 97 volume* of absolute 
alcohol, 3 volumes of utter ami 0 Ji volume* of per- 
chloric add <sj> rr 1 2 n> Ibe solution should he 
ke; l bt a stopi* ml jjla** lot tie containing a few era tut 
of finely louaered j*ita*»luni perchlorate lhe mix 
tore I* well shaken an I fllieml Into a small dry wash - 1 
bottle immediately before use. 


CLEMATINEor BRILLIANT HELIO- 
TROPE 2R (r. Azises). 

CLEVEITE. A variety of uranimte, con- 
sisting of a uranate of urany L and oxides of lead 
and the rare earths. It occurs sparingly as 
small cubic crystals in pegmatite veins m the 
south of N'prway; and is of interest as being 
the mineral in w hich terrestrial helium was first 
discovered Hillebrand (Amer. J. Sci, IS90. [ui], 
40, 381) found that on decomposing the mineral 
with sulphuric acid, “ nitrogen " was evolved. 
Ramsay (J CS 1S95, 67, 1107) proved that the 
gas evolved was not nitrogen but hetium. 
Only half the helium is evolved by heat alone, 
and, moreover, in some cases the disengagement 
of the gas is accompanied by considerable 
evolution of heat (Proc. lloy. Soc. 1S9S, 64, 
140) See BkCcoerite 

L. J. S 

CLEVE’S ACIDS. 1 Naphtbylamin* 6 
and 7 sulphonic acids. 

CLIFTON ITE t Carbon, GsArniTE Vol 
II, p 315a 

CLOVE. The dried flower buds of Eugenia 
aromatiea (Linn ) Baill (Fam Myrtace*), a 
native of Molucca, where it was also formerly 
cultivated, but now grown chiefly in Zanzibar 
and Pemba The flow cr buds are white at first, 
becoming green and finally red, at which stage 
they are ready for collection and must l* 
gathered immediately, the time of the year *t 
which the harvest occurs being trom August to 
December The buds are air dried and separated 
from their peduncles, which then form the cIotS 
stalks of commerco and these are used either as 
a source of oil or to adulterate the buds Clove* 
vary in length from 10 0 mm to 17 5 ram ; the 
largest and plumpest come from Penang and 
Amboy na, though very few of these reach the 
European market. The Zanzibar clove u 
brownish black m colour, while that from 
Penang is reddish brown, and the flower head 
of the Tenang clove arpeara to be much more 
fully developed than that of the Zanzibar 
variety. The whole clove consists of a cylin- 
drical calyx tube with four sepals at the top 
to which the flower bud proper is attached. 
Cloves possess an aromatic odour and a strong, 
spicy, and pungent taste. Fresh cloves should 
sink in boiled w ater, a distinction from exhausted 
cloves, which are frequently used for adultera- 
tion They arc used to a considerable extent a* 
a spice and as an aromatic carminative, whibt 
the essential oil is largely used as a mild pre- 
servative. Corran and Edgar (JSC.L 1933, 
52, T149) have examined the preservative 
action, and find that mustard and cloves arc far 
superior to all other spires, ami bitter than the 
permitted amounts of sulphur dioxide or benzoic 
acid for preventing the fermentation of glucose 
by yeast 

Microscopic Appearance . — The chief micro- 
scopic characteristics are the numerous oil 
glands ju«t beneath tho surface of the caljx 
and the calyx teeth, and also in the petals 
Tho pollen grains nro tetrahedral and measure 
from 15 to 20/i in diameter. Rosette, but not 
prismatic crystals of calcium oxalate are 
present, and the buds contain no starch or 
sclerenchymatous cells. The bast fibres are 
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broad, measuring about 50 p, and some idea of 
the proportion of clove stalk to bud may bo 
obtained by counting the ratio of the bast 
fibres to the isodiametric sclercnchymatous cells 
in a powder. The 6tnlks also contain prismatic 
crystals of calcium oxalate. 

Chemical Composition . — The following table 
shots s the approximate composition of clove 
buds and stalks : 



Buds. 

O' 

Stalks. 

Moisture 

. 5-0-43-3 

8-7-10-2 

Ash 

. 5-3-7-G 

6-9-8-0 

Volatile oil . . . 

. 14-0-21-0 

fl-O-G-O 

Fixed oil and resin. 

5-0-10-0 

3-5-4 -0 

Protein .... 

5-0-7-0 

5-8-G-O 

Crude fibre . 

. G-0-9-0 

13-0-19-0 

Tannin .... 

. 10-0-18-0 

about 18 


The principal constituent is the essential oil 
and this is probably determined most satis- 
factorily by the method of Cocking and Middle- 
ton (Quart. J. Pharnt. 1035, 8, 4 35). The 
powdered buds are mixed with brine, distilled, 
and the vnpours passed through the top of a 
condenser into a graduated tube, into which a 
small quantity of turpentine has been pre- 
viously distilled to make the mixture lighter 
than water, tho condensed water itself being 
returned to the distillation flask. An air inlet 
and outlet is provided by a side tube between tho 
bottom of the condenser and the graduated tube. 

Standards . — The “ British Pharmacopeia ” 
requires that cloves shall contain not more than 
5% of clove atoms and 1% of other foreign 
organic matter. Tho ash shall bo not more 
than 10%, the acid-insoluble ash not moro than 
0-7.>%. The United States standard requires 
the buds to contain not moro thnn 5% of stalks, 
not less than 15% of volatile oil, not less thnn 


12% of quercitannic acid calculated from tho 
oxygen absorbed by the aqueous extract, not 
moro than 7% of ash, not moro than 0-5% of 
acid insoluble ash, and not more than 10% of 
crude fibre. 

Adulteration. — The chief adulterants are clovo 
stems and exhausted cloves. Other adulterants, 
such as pimento and cereal products, hnvo been 
detected. „ „ „ 

T. McL. 

CLOVEN E t\ CAJiYomm.t,ENE. 

CLOVER. The name given to a number of 
leguminous crops grown for cattle-feeding. The 
true clovers arc all species of Trifolium and 
include white clover (T. repens ), red clover 
(T. pratense), alsiko clover (T. hybridiwn), 
crimson clover ( T . incamatum), yellow suckling 
clover {T. dubium), mammoth rod or zig-zag 
clover ( T . medium), hop clover or hop trefoil 
(T. procumbens). Other “ clovers ” of agri- 
cultural value arc yellow clover or yellow 
trefoil (Mcdicago lupulina), Bokhara clover or 
melilot (AT. alba), sweet clover ( M . dcnlatu3), 
Japanese clover ( Lcspcdeza striata), Soola or 
sulk clover (Hcdtjsarum coronarium), various 
smaller vetches, etc. 

The importance of clovers for eattlo feeding 
lies in tho high nitrogen and mineral matter 
contents. In addition, the soil in which they 
are grown is enriched in nitrogen ns a result of 
tho fixation of ntmospheric nitrogon by tho 
bacteria present in tho nodules of tho roots. 
In practice clovers intended for direct grazing 
arc frequently grown in conjunction with 
“seed” grasses, or if required for winter 
feeding the unmixed clover is hayed. Averago 
analyses of green clover and hay from 
(a) Europcnn, and (b) American sources arc 
given below: 



T. repens (a) 

T. pratense (a) . 
T. pratense (b) . 
T. hybridiutn {a) 
T. ht/hridixim (b) 
T. ir.eamatum (a) 

] T. procumbens ( a ) 



Fat. 

Soluble 

carbo- 

hydrates. 

Fibre. 

Ash. 

imchi 

Of 

% 

O' 

0-8 

G-9 

4-3 

•2-1 

0-7 

9-4 

5-9 

1-6 

M 

13-5 

8-1 

2-1 

0-7 

7-0 

G-2 

1-5 

0-9 

11-1 

7-4 

2-0 

0-7 

7-0 

C-l 

1-9 

0-8 

8-4 

5-7 

1-6 


Clover Hat. 



j T. repens (a) 
j T. pratense (a) . 
i T. pratense (b) 
j 7'. hybridium (n) 

; T. hybridiutn (6) 

; T. inearnnlum (a) . 
i T. procumbens (a) . 

J T. medium (b) . 

, Issptthza striata (n) 
{ Isspedeza striata (b) 


Water. 

Protein. 

Fat. 

Soluble 
carbo- 
li> dnvtc. 

Fibre. 

Ash. 

O’ 

O’ 

O’ 

O' 

O' 

Of 


15-7 

2-0 

39-3 

24- 1 

8-3 

1G-5 

13-5 

2-9 

37-1 

24-0 

0-0 

15-3 

12-3 

3-3 

38-1 

24-8 

0-2 

10-0 

13-6 

3-1 

31-5 

23-7 

7-1 

9-7 

12-S 

2-9 

40-7 

25-G 

8-3 

1G-7 

12-0 

2-4 

35-5 

2G-2 

7-2 

ICO 

15-4 

3-4 

33-2 

24-5 

7-5 

oj.2 

10-7 

3-9 

36-0 

24-5 

61 

~91 

13-7 

4-0 

47-5 

21 -G 

4-1 

11-0 

13-8 

3-7 

39-1 

240 

8-5 
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Of the total nitrogen content of clovers as ranch 
as 40-60% may be m non protein or amide 
forms in young plants. In mature plants 
85-90% of the nitrogen is present as protein. 

In New Zealand and elsewhere the presence 
of cyanogenetic glucoaides in clover* has caused 
some anxiety. According to the investigations 
of Doak (New Zealand J. Agnc. 1935, 51, 159) 
poisoning of cattle or even any ill effect on milk 


flavour is likrly to be of rare occurrence. 
Armstrong and Horton (Proc. Roy. Sot. 191^ 
B, 86, 2t>2) detected an enxyme capable of 
hydrolysing cyanogenetic glucosides in certain 
varieties of wild but not of cultivated whits 
clover. 

“Wolff's analyses of the ash of clover* inelade 
the following, expressed as percentages of the 
dry matter. 



Total 

ash 

K.O 

N»,0 

CaO 

HfO 

f *i°j 

P.O, 


$ 10 , 

a 

T. pratense 

683 

2 20 

0 14 

2 41 

0 74 

0 07 

0 67 

0 21 

016 

0-27 

T. incamatum 

COS 

1-40 

052 

192 

0 37 

0 12 

0 43 

0-15 

0 99 

0-22 

T. hybndium 

4 76 

132 

0 15 

1 62 

060 

0-02 

0 43 

0 20 

0-19 

0-26 

T.vrpens .... 

7 16 

121 

064 

2 31 

0 72 

0 17 

101 

0 58 

0 30 

0-26 


A. 0. Po. 


CLOVER FLOWERS. It has long been 
known that clover flowers dye a yellow colour 
on aluminium mordanted fabrics, and in the 
past they were employed to a minor extent for 
dyeing purposes Three varieties havo been 
chemically examined. Tnfoltum prate me, T. 
tneamalum, and T. repens 
T rtfolium pratense — According to Power and 
Salway (J CS. 1910, 97, 231) the flowers known 
as the “common red clover” contain, in 
addition to uorAamnetin ; 



and a glycoside of quercetin, m p 235°, numerous 
other phenolic substances which are described 
below. These appear to be closely allied to the 
colouring matter* of the flavone group. 

Pratol, C IJ H,0 1 (0H)(0CH,h colourless 
needles, m p. 253°, readily soluble in hot 
aqueous sodium carbonate and sodium hydroxide 
with a pale yellow coloration, yields a mono- 
acetyl derivative, feathery needles, m p. 166°. 
Robinson and Venkatarmman (J.C£. 1926, 
2344) observe that pratol closely resembles and 
» vtry probably identical with 7-hydroxy -V- 
methoxytlavone . 



m p. 202® (acetyl derivative, feathery needles, 
m p. 167°-168®), prepared by beating resaeeto- 
phenone with anisic anhydride and sodium 
anisate and hydrolysing the product. 

A compound, C Ia H, 9 0., thin yellow plates, 
m.p. about 280°, is soluble in alkalis with a 
yellow colour and gives with sulphunc acid a 
solution exhibiting a brilliant green fluorescence. 


It contains a methoxyl group and forms a 
tetra-aeetyl compound, colourless, glistening 
prismatic needles, m p. 145®-147®. 

Pratensol, C,.H,0,(OH)j. feathery needles, 
m.p. 210®, dissolves m alkali carbonates yielding 
yellow solutions, and with alcoholic femo 
chloride gives a greenish -black coloration. 
Tnaeetypratensol, colourless, slender needles, 
melts at 189°. Robinson and Shmoda (J.C-S. 
1925, 127, 1973) suggest that pratensol may bea 
trihydroxystyrylchromono related to apigenin, 

A phenolic substance , C ls H,O,(0H) 1 . colour 
less needles, m p. 225°, is soluble m alkali 
hydroxides forming colourless solutions, and 
gives with alcoholic feme chloride a dark 
green coloration. The acetyl derivative, silky 
needles, melts at 209®. 

The glycoside tnfolin, C t) H 1I O l <,H l O, p*!o 
yellow needles, m p. about 26U® (decomp ), u 
soluble m alkalis with an intense yellow rotors- 
tion, and dissolves in sulphunc acid forming a 
yellow solution which rapidly develops s 
bnlhant green fluorescence. When hydrolysed 
it yields rbamnose and (n/ohfvn.CjiHjO/OH),. 
slender yellow needles, m p about 275“ 
(deeomp.). Alkalis dissolve tnfohtin with an 
intense yellow colour, alcohoho feme chloride 
give* a dark green coloration, and alrohoUo 
basic lead acetate an orange-yellow lead sdt. 
It contains no methoxyl group and is unaltered 
when heated for several hours with 30% 
aqueous potassium hydroxide. It doe* 
appear to belong to the flavone group, and 
differs from these by the fact that it does not 
give an oxoruum salt with sulphunc acid and 
only with difficulty a potassium compound by 
treatment with alcoholic potassium acetate. 
It may possibly consist of a tetrabydroxy- 
phenylnaphtbaquinone. The Utra-acelyl com- 
pound, colourless silky needles, when rapidly 
heated melts at 116®, resolidifies at a higher 
temperature, and finally melts at 182® - 1 

The glycoside isotnfolin, paw 

yellow needles, m p. about 250". is Isomeno with 
tnfolin, and when bydroly sed yields, similarly la 
the latter, tnfohtin. Though W general 
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behaviour it is very similar to trifolin, it is 
much more soluble in alcohol, and does not 
appear to be identical with this glycoside. 

Jn addition to these compounds, the flowers 
contain salicylic acid, coumaric acid, myricyl 
alcohol, C 3 iH e3 OH, hcptacosane, 
henlriacontano, C 31 H 64 , sitosterol, C, 7 H 48 0, 
trifolinnol, C 2 .H 3 ,Oj(OH)j, palmitic, oleic, 
linolcic, and isolinolenic acids. 

Trifolium incarnatum. — A considerable differ- 
ence is exhibited between the constituents of the 
“ carnation or crimson clover flowers ” and 
those of tho T. pralcnsc or “ common red 
clover.” According to Rogcrson (J.C.S. 1910, 
97, 1001) these flowers contain pratol, quercetin, 
and a glucoside of quercetin termed incarnatrin, 
C !1 H S0 O„.3H ! O, yellow prismatic needles, 
m.p. 242°-245°. Incarnntrin dissolves in sul- 
phuric acid, forming a green fluorescent solution, 
and when hydrolysed yields quercetin and 
glucose. It is isomeric but not identical with 
the qucrcimcritrin of Perkin (J.C.S. 1909, 05, 
2181). 

In addition to these substances the flowers 
yield furfuraldchydc, benzoic, and salicylic 
acids, a trace of p-coumnric acid, incamatyl 
alcohol, CjjHjhOH, hentrincontano, a phyto- 
sterol, Cj 7 H 40 O, and palmitic, stearic, oleic, 
linolcic, and isolinolcnic acids. 

Tri folium repent. — Tho flowers of tho white 
clover, T. repent, according to Perkin and 
Phipps (J.C.S. 1904, 85, 58), owe their tinctorial 
property to quercetin which is present as 
glucoside. 

Nakaoki (J. Phnrm. Soc. Japan, 1933, 53, 
238) isolated trifoliin from tho flowers and 
considered this to bo a quercetin rhamnosidc. 
According to Hnttori, llnscgawn, and Hayashi 
(Acta Phytochim. 1937, 10, 147), however, 
trifoliin is identical with isoqucrcitrin (quer- 
cetin 3-glucosidc). A G P and E j c 

CLOVES, ESSENTIAL OIL OF. Dis- 
tilled from tho unexpended flower buds of 
Eugenia caryophyllala Thunk, (Pam. Myrtace.u), 
a native of tho Molucca Islands and cultivated 
in Zanzibar, Pemba, Ainboynn, Penang, Mada- 
gascar. and in the Seychelles, Reunion, Ceylon, 
and Mauritius. The yield of oil from tho buds 
is 10 to 19%. The ripe fruits (mother cloves) 
and the stems yield 4 to 7% or oil slightly inferior 
in quality. The leaf oil is also distilled in 
Mauritius. 

Constituents. — Tho chief constituent is the 
phenol ougenol, of which 80 to 92% is present. 
Kugenyl acetate occurs to the extent of about 
3%. Other constituents arc furfural, methyl- 
furfural, dimethyl furfural, methyl amyl ketone, 
methyl hcptvl ketone, methyl benzoate, methyl 
amyl rarbinol, methyl hcpfyl carbinol, methyl 
and tanzyl benzoates, methyl salicylate, and the 
sesquiterpenes a- nnd /3-caryophyllene. 

Characters. — A colourless or pale yellow oil, 
darkening on keeping. Sp.gr. 1-047-1 -005, 
opt. rot. nt 2lP IP to -1-5°, nj,° 1 -528-1 -5-10, 
phenol content 82 to 92%. Soluble in 2 volumes 
of 79% alcohol. The phenol content is deter- 
mined by adsorption with cold 5% aqueous 
relation of potassium hydroxide ns described in 
the “ British Phnrmacopccia.” C.T.B. 


CLUPE1NE is tho protamine of herring 
sperm. It contains 15 nmino-acid residues and 
14 peptide linkages nnd yields on hydrolysis 
arginine (10 mols), serine (2 mols), proline, 
alanine and valino (1 mol. each); mol.wt.20Zl. 

COAL TAR. — Tho dark brown to black, 
oily to viscous product of characteristic odour 
obtained as a by-product of the carbonisation of 
coal in gasworks retorts or in coke ovens (see 
also Tan). 

Coal tar is a colloidal system, tho disperse 
phase consisting of coarse to ultramicroscopie 
particles, tho so-called “ free carbon,” as deter- 
mined by the matter insolublo in aniline or 
pyridine, the continuous phase being the com- 
plex mixture of solid and liquid chemical com- 
pounds which form the tar oils. According to 
Nclicnsteyn, resin-like l^’drocarbons adsorbed 
by tho free carbon act ns protective colloids to 
confer stability on tho system. Upwards of 
120 compounds have been identified in coal tars 
formed nt high temperatures, i.e. over 900°C. 
In the following list those shown in CAPITALS 
are produced commercially, those for which 
commercial methods of isolation have been 
devised but not yet applied on a largo scale 
are shown in black-face type. The compounds 
are given in the general order of their boiling- 
points, but in some cases the compound in a}- be 
found in a higher fraction than that indicated by 
its boiling-point owing to the formation of doublo 
compounds. 

BolLINO -POINT BELOW 200°C. 

Hydrocarbons. — n -Butylene nnd homo- 
logues, n-pentane nnd homologucs, cyclopenta- 
diene, di- and telra-hydrobcnzcne, BENZENE, 
TOLUENE, ethylbenzene, p-, m-, o-XY- 
LENES, styrene, n- and \sopropylbenzene,o-, m-, 
p-ethyltoluenes, mesitylene, pseudocumene, 
dicyclopentadiene, hemellithene, liydrindtnc, 
INDENE nnd homologucs, Idea mcthylbenzcnes, 
durene. 

Oxygen -containing Compounds. — Acetone, 
CUMARONE and melhylcumarone, PHENOL, 
o-CRESOL. 

Nitrogen Compounds. — Acetonitrile, PYRI- 
DINE and its METHYL di- nnd trimdhyl 
homologucs, pyrrol, aniline, benzonitrile. 

Sulphur Compounds. — Ethylmcrcaptan, 

CARBON DISULPHIDE, thiophen and mono- 
and dimethyl homologucs nnd ethyl sulphides. 

BoiLtNO-rOINT above 200’C. 

Hydrocarbons. — Pcnta- and hexamcthyl- 
benzene, methylindene, tetra- and hcxti-hydro- 
naphthalene, NAPHTHALENE, a- nnd Zi- 
na ethyl naphthalenes, dimcthylnaphthalenes, 
diphenyl nnd its methyl nnd dimethyl derivatives, 
P.b-henzoindane, ACENAPHTIIENE, FLUOR- 
ENE nnd its methyl derivatives, phenanthrene, 
fiuoranthrene^ ANTHRACENE and its methyl 
nnd dimethyl derivatives, pyrene, naphtha- 
fluorenes, triphenylene, chrysene, truzenc, pcrylcnc, 
liguid and solid paraffins. 

Oxygen-containing Compounds. — m- nnd p- 
CRESOL, acetophenone, m-ij-XY LENOL nnd 
bonier*, m- and p-dhylphenols, dimclhyl-cuma- 
ror.e, symm. methyl-ethyl phenol, durenol, a- and 
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P napfilhols, diphenylene oxide and its mtthyl 
derivative. 

NitrOokt CoirporsTis. — Telramtihylpyridine, 
gxinaJine and isoquinoline and their methyl 
derivatives, indole and its mtthyl derivatives, 
a- and/J naphthonilnUa, acridine and its mtthyl 
and dimethyl derivatives, phenanlhndme, a- and 
ft naplilhylamine, CARB AZOLE and its 2- and 
3-melhyl derivatives, phenylnaphthyl carbazde. 

Sctj-jits CoMTocyns. — Tfoona-phlhen telra- 
mtihyhh lophtn, diphenylene sulphide, th\o- 
phenols. 

The properties and composition of coal tars 
axe materially influenced by the type of coal 
carbonised, by the maximum temperature to 
which the tar vapours are crposed in the retort, 
and by the time of exposure to this tempera- 
ture. The primary tar formed in the retort 
consists mainly of paraffin hydrocarbons, ole 
fines, naphthenes, and phenols, and the wide 
variety of conditions governing secondary 
decomposition accounts for the range of com- 
position of the products of high temperature 
carbonisation. The coal components are sub 
jected to different degrees of heat and the 
secondary reactions overlap In general, 
medium carbonising temperatures (900°- 
I,150°C.) and rapid removal of the tar vapours 
from the retort give a higher yield of tar (12-14 
gallons per ton of coal) nch in paraffinoid hydro- 
carbons and in high boiling phenols The aro- 
matic compounds present are in part highly 
hydrogenated and mcthyl-subatituted, while the 
tar contains a high proportion of oils and a 
low proportion of pitchy matter and of material 
insoluble in pyndine. Such tars are obtained 
from vertical retorts, particularly if steaming 
is employed during carbonisation In horizontal 
retort practice higher temperatures are em- 
ployed (1,150°-1,350°C.) and the time available 
for secondary decomposition is related to the 
density of filling the retort charge. The yield 
of tar is normally 9-11 gallons per ton of coal, 
the content of phenols, now mainly phenol and 


cresols. is decreased, the pitch yield, naphthalene 
content, and matter insoluble in pyridine me 
increased, and the hydrocarbons are almost 
wholly of the aromatic series and of a loser 
degree of substitution. Under comparative car- 
bomsing conditions. Midland and Yorkshire coals 
yield tar containing more light oil and less 
naphthalene and anthracene than Durham coals. 
In general, young coals have the higher oxygen 
content and give a higher tar yield. In cola 
oven practice (temperature 1,000°-1>25Q'C.} tho 
degree of pyrogenic decomposition of tho 
primary vapours vanes with the type of oven 
and with the time cycle, hut generally tor yields 
are lower at 8$ gallons per ton of coal, the tar 
being relatively viscous, highly aromatic in 
character, tho naphthalene content being high 
and the phenols and pyndine-insoluble matter 
low. Whereas in a vertical retort the vapours 
proceed upwards and escape through cool 
inner channels in the coal, in a horizontal retort 
the vapours travel along tho hot upper surface 
and are exposed to radiant heat. In a coke 
oven the large mass of wet coal cools the walls 
and the tar in part condenses in tho centre of 
the coal mass and later, as carbonisation pro- 
ceeds, is again vaporised, the degree of further 
decomposition depending on the temperature ef 
the oven top. Pyridine insoluble matter 
(elementary analysis — C about 90%, H about 
3%, balance O+N + S+aah) is the final product 
of decomposition of the tar vapours Unless 
local heating occurs, the absolute amount of this 
matter does not increase during the subsequent 
distillation of the tar. The percentage of 
matter insoluble in toluene but soluble m 
pyndine is relatively constant in crude tars, 
but increases in amount during the tar distilla- 
tion process, the formation ratio depending on 
tho prior thermal hiatory of the tar, and on the 
maximum temperature employed during distilla- 
tion and period of exposure thereto {see Adam 
and Sach, J.S.C.I. 1929, 48, 337T). 

Typical properties of crude coal tars are : 



Horizontal 

Vertical retorts. 

Coke oven*. 

Specific gravity at 15 6°C. . . . . 

M6-1-23 

1 07-1-12 

J-12-1-18 

Distillation per cent, by wt. of dry tar: 

Light oil to 17QPC. 

3-4 

3-6 

1-3 

Middle oil to 230°C. 

7-12 

11-16 

5-10 

Creosote oil to 270°C 

10-15 

11-20 

8-10 

Anthracene oil to 350°C. (approx.) . . 

11-14 

10-16 

15-24 

Pitch (medium grade) 

53-67 

45-54 

47-65 

Matter insoluble in toluene 

12-23 

3-8 


Phenols by pet cent, volume on dry tar . 

3-6 

6-10 

3-7 


The pitch from a horizontal retort tar will 
contain 22-35% matter insoluble in toluene 
(free carbon) and will yield 63-70% volatile 
matter, that from vertical retort tar will contain 
10-20% free carbon and yield 67-75% volatile 
platter. Coke-oven pitch gives on analysis 
16-25% matter insoluble in toluene and €3-72% 
volatile matter. 

Weiss and Downs (Ind. Eng. Cbem. 1923, 15, 
1022) give results of a full investigation of the 
constituents of a coke oven tar. 


The calorific value of crude tar is grew 
16,500-17,000. net 15,900-16,400 B.Tb.U. p« 
lb. The specific heat is 0-35±fr0J 
0-45±0-05 at 200°C. (“International Critical 
Tables ”). Spiers (Technical Data on Fuel, IWI 
quotes as a typical ultimate analysis, C 88 
H 6-2%. N I 8%. S 1 -0%, O. ash, and errors 6 <r/o- 
Tho carbon hydrogen ratios of low temperature, 
vertical, coke-oven and horizontal tars *re 
respectively as follows s 85 0. 11*4; 83-0. 68; 
890.5 5 ; 915,5 2. 
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When Ur is distilled in an Englcr flask, the 
specific gravities at 15-5°C. of the fractions are 
shown in the following table : 


Fraction. 

230 , -270’’ 

270°-300' > 


Horizontal 

tar. 

1 -03-101 
1-05-1 -005 
1 -095-Mi 


Vertical 

tar. 

0- 990-1-00 

1- 00-1-03 
1-05-1-075 


Coke-oven 

tar. 

1-035-1 05 

1-00-1-07 

1-095-1-11 


The yield of fine products per ton of crude 
tar varies within wide limits, and the following 
figures arc to be taken only as a general guide : 
90’s benzole, 1-2} gallons; 90s toluole, }-I J 
gallons; 90/1 GO solvent naphtha, 1}-21 gallons ; 
phenol, 8-15 lb.; crcsylic acid, 20-35 lb.; 
90/140 pyridine bases, 0-15-0-4 gnllon ; naphtha- 
lene. 20-100 lb. ; crude anthracene, 3 to 15 lb. 

Distiixation'. — The crude tar vapours from 
the retort after condensation are separated 
from the nmmonincnl liquor fraction, and if 
agitation he avoided during subsequent cooling, 
the tar as finally separated contains 3-5% 
liquor by volume. The corrosion of tar stills is 
attributed to tho ammonium chloride present in 
crude tar acting in conjunction with the 
resinols, i.e. compounds soluble in aqueous 
caustic soda, but which can bo precipitated 
from solution in an orgnnic solvent such ns 
benzene by tho addition of light petroleum. 
The heavier corrosive action of vertical retort 
tars hns been found to be due to their higher 
resinol content (D.S.I.R. Report, 1935/1936). 

Chemical changes, generally described ns 
cracking and polymerisation, occur during 
distillation, and the greater these changes 
the lower the yield of oils distilling below 350”C. 
and. tho higher tho yield of residual pitch. 


The extent of the reaction is a function of time 
and temperature, increasing in some geometric 
ratio with increase of temperature, and in an 
approximately arithmetic ratio with increasing 
time at a constant temperature. Above 345° 
permanent gases and water are evolved ; 
between 300° and 345° the decomposition is 
traced mainly by an increaso in the pyridino 
insoluble matter and toluene insoluble matter 
(Weiss, Chcm. and Ind. 1932, 10, 219; Adam 
and Sach, l.c). Tars which have been 
subjected to high temperatures during formation 
are less susceptible to cracking during distilla- 
tion. These factors, safety and fuel, labour and 
plant maintenance costs, must bo considered in 
the design of efficient tar distillation equipment. 

Crude coal tar, which may bo preheated by 
indirect exhaust steam, is normally distilled in 
direct-heated wrought iron or mild steel vertical 
pot stills of 10—10 tons capacity, of height slightly 
greater than diameter, and having a concave 
bottom. The flues cause the combustion gases 
finally to encircle the walls of the still. Crudo 
tar tends to froth over if rapidly heated, par- 
ticularly if the insoluble matter content is 
high ; to overcome this trouble, and at the same 
time to effect an economy in fuel consumption, 
modem pot still installations are now usunlly 
operated on tho “ double still ” system, in which 
the vapours from the fire-heated still pass 
through a coil immersed in the crude tar for the 
next charge. The tar is thus sufficiently 
preheated to remove the water nnd nnphtlm 
fraction slowly, provided tho water content is 
not higher than 7%. Tho general arrangement 
of the plant is shown in Rig. 1. Foul gases 
containing H.S arc evolved during distillation 



ami nre drawn off through an oxide bed or 
pa^rd through an explosion prevention box to 
ft furnace nnd burnt. Cracking during the 
later stages of distillation is minced by the 
admission of dry free steam to the still, and the 
repeated circulation of inert gases such ns CO. 
or nitrogen has Iwen proposed to serve a similar 
purpo-o, thus increasing oil yields and reducing 
formation of insoluble matter in the tar (B.P. 
158S52). In America horizontal still* have Ijecn 
preferred. The satisfactorv operation of the 
VOL. 111.— 14 


intermittent pot still depends very largely 
upon the skill of the man in charge", nnd the 
recent tendency has been towards the develop- 
ment of continuous units, which lend themselves 
to regularity of operation ami control ofdistillato 
yields, to loner labour costs, to fuel economv bv 
heat interchange between vapours nnd crude 
tar, and to relatively higher output per unit of 
capital expenditure. For example, a number of 
pot stills, say five, may be connected in series, 
and the tar progressively heated during its 
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passage through the plant bo that each still 
yields a selected distillate fraction. The Hxrd 
continuous plant (B.F. 11143,1911) consists of a 
number of cast-iron stills in senes, the heating 
gases passing through 1V.I, longitudinal tubes 
immersed in the tar. This type of plant, 
frequently combined with a steam-heated 
Wikner dehydrator (B P. 191295) has been 
installed in a number of tar distilleries. In the 
Ab Der-Halden system (B P. 340370), largely 
employed in France, the tar, preheated by the 
outgoing pitch and by the flue gases is fed to a 
atill into which Euperheated free Bteam is 
admitted. The hot gases from the coke furnace 
pass first over the steam superheating coil, then 
round the stall, and finally over preheating coils. 
This plant h stated to give a high oil yield, and 
relatively good fractionation, but the steam 
consumption at 40-50% by weight on the tar 
is high. Kahl {BP. 20SG91, 221773) super- 
imposes a fractionating column on the still 
and thereby obtains a sharp separation of the 
fractions without re distillation, thus facilitating 
the production of phenols, aecnaphthene, 
fluorene, carbazole, etc Owing to the lengthy 
exposure of the tar in the still to high tempera- 
tures, cracking and polymerisation occur and oil 
yields are low and pitch j lelds high. 

Intermittent and continuous vacuum distilla 
tion has also been practised (Raschjg, O.P. 
260060, Weise, Petroleum, 1930. 26. 499, 
677). Tho T.I C. process (B P 170017, 184624) 
takes advantage of the rapid transfer of heat 
that can bo secured by feeding crude tar over 
the surface of a cushion of molten lead or 
alloy contained ui a still— the distillation rate is 
high, giving high oil yields — and the fractional 
condensers give narrow range oil fractions. 
This system is used in gasu orks with small daily 
throughput of tar. 

In tho Barrett (U S.A ) system, tar is distilled 
by being brought into intimate contact with the 
hot coke oven gases by means of a rotating 
roller in a continuous still of special design 
(B.P 340753, 347240, 3490S8, 370387), and the 
hard pitch produced, which may have a cube in 
air melting point up to 400°F., is continuously 
removed and granulated by spraying with 
water. The hot gases and vapours from the 
still pass through heat exchangers and are then 
fractionally condensed. Suspended particles of 
tar in the vapours may be removed by means 
of an electrostatic precipitator before the 
vapours are passed to the condensing system. 
A small number of ovens on a battery are 
equipped to deal with the total production 
It was claimed that the process gave maximum 
oil and minimum hard pitch yield with low 
operating costs, hence its development in the 
U.S.A., where, apart from the tar required for j 
road purposes, the main objective of complete 
distillation is the production of creosote, pitch 
being a low value by-product. The throughput 
of the still vanes with the oven cycle time and 
lies withm the limits 100-125 gallons tar dis- 
tilled per ton of coal carbonised. Cooke and 
Holton {B.P. 301645, 416103) use the sensible 
heat of the hot crude retort gases by circulating 
the tar m the collecting mains until a dehy drated 
tar of the required \iscosity for road work is 


obtained ; the light vapours pass forward with 
the gas and are recovered in a static extractor 
and dynamic extractor in series. 

The pioneer user of the pipe or cod stdl m 
Lennard (B P. 814 of 1891). His system 
improved in detail is employed by the South 
Metropohtan Gas Co. The preheated crude tar 
is pumped through a pipe still and at a tempers- 
ture of 325°C. enters the top of a column into the 
base of which steam is admitted. Pitch is con- 
tinuously drawn off from the base of the column 
and the vapours pass forward through a senes 
of fractional condensers maintained at pro- 
gressively lower temperatures. In 1907 Wilton 
(B P. 26910, 1907) erected a cast iron pipe still, 
in which the tar was heated to I70°C., whits 
being maintained under a pressure of 40 lb 
per sq in. The hot tar at the coil exit passed 
through a control valve to a flash chamber at 
atmospheric pressure, in which the tar layer was 
kept at 4-6 in. depth. The water and light 
oils flashed off without frothing and the de- 
hydrated tar was further treated in pot stills 
This system was developed to deal with tars of 
high water and insoluble matter content. It was 
later adapted for the production of road tars, 
the dehydrated tar from the first cod being 
passed through a second coil at temperatures up 
to 275°C and at pressures up to 60 lb. per sq m. 
This type of plant is employed by tho Gas 
Light & Coke Co. at their Beckton works. 

The pipe still system of distillation has certain 
advantages, including relative safety due to the 
small quantity of tar in the unit at any par- 
ticular moment, and production of high oil 
yields due to the short time of exposure of the 
tar to the higher distillation temperatures. The 
system operates continuously, and since 1933 
has been further developed by improved design 
of the heat exchangers and fractionating 
columns. The rate of flow of tho tar in tho 
pipe still is such as to give turbulent flow 
conditions, thus minimising the formation of 
deposits in the pipes and increasing the rate of 
heat transfer. The heating surface has been 
designed to give a uniform rate of beat transfer 
per unit of surface and finally, bubbling hood 
towers with controlled reflux ratios have been 
added to yield narrow range fractions of oiL 

Wilton {BP. 307577, 33758t, 424645) cir- 
culates the preheated tar through a pipe «tiU io 
a vapour box and part of the residual pilch is 
passed again to tho feed tank, where crude tar Is 
admitted so that the hot pitch effects dehydra- 
tion of the tar and distillation of the most 
volatile constituents. The mixture is »B* m 
circulated through the still, the temperature 
being raised to 3<X)°C. or higher. 

In the American pipe still system the tar »» 
dehydrated in tho heat exchanger system sna 
distilled by one passage through, the »*"■ 
Plant of this typo in U.S.A. vary inrap 4 " 1 
from 150 to 450-700 tons per day. Oil yieius 
are 10-15% higher than for batch stills wh™ 
producing pitch of cube-in air melting po 
300°F. linal temperatures are higher than in 
pot stills, but the time factor is reduced 

Adam 'and Potter (B.P. 303038) patented * 
two-stage pipe still distillation system design 
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to give a minimum increase of tolimnc-insoluble 
matter and hence high oil yields. Two coils 
set in one furnace operate under pressure 
nnd in series, the pressure being released in a 
flash box at the exit of each coil. The release 
of vapours in the second box is assisted by the 
admission of superheated free steam and the 
vapours nre fractionally condensed in a series 
of bubble hood columns. 

Tho Koppers Co. have erected a plant at 
Ostrava, Czechoslovakia, nnd another at Beck- 
ton, England, designed on similar principles. The 
tar is distilled in two stages, in two separate 


pipe stills between which is inserted a vaporiser 
for tho removal of light oils and water. Tho 
tar is heated in the first etill to 150°, nnd in the 
second to 300°-350°, according to tho hardness 
of pitch required. The volatile products from 
the pitch column are carried forwnrd and 
separated into tho required fractions in succes- 
sive bubble hood column stills with the aid of freo 
steam. The first named plant has a capacity of 
200 tons nnd tho second 400 tons a day, tho 
fractions taken comprising light oil, carbolic oil, 
crude naphthalene, wash oil, and two anthraceno 
oil fractions — see. Fig. 2. This Bystem is 


FRACTION ATI NO COLUMNS for 



economical only when a large tonnngo is to be 
handled (100 tons per day or over). The heat 
units fed to tho furnace per ton of tar distilled 
nre 980,000 B.Th.U. in tho form of solid fuel, 
nnd 00,000 B.Th.U. ns steam (from pump 
exhausts), n reduction of over 25% on averngo 
figures for pot stills (Eislcr, Znmrzla and 
Vi’cinkopf, GlOrlcnuf, 103G, 72, 184), which arc 
of the order of 130-145 lb. coal per ton of tar 
distilled. 

In another typo of plant the hot tar is flashed 
into a tall bubble hood toner which embodies 
tho evaporator or flash box section nnd the 
vapour rises through the trays on which it 
contacts with descending reilux liquid. At 
selected points on tho tower distillate side- 
streams are drawn off. 

The composition of the fractions obtained by 
primary distillation of crudo tar varies con- 
siderably with the type of plant and type of crude 
tar. The following data nre typical for a modem 
pipe Ftill (Koppers) nnd for a double pot still 
installation distilling a mixed crude tar. 

Tim Still with Fractionating Cou-mns. — 
The crude naphtha distils 05% between 00’ 
nnd 170'C., sp.gr. 0-8S5-0-S90. yield about 
»~3% ; the carbolic oil distils 95% between ISO’ 
and 2!0\ rp.gr. 0 9S-1-00. yield 3-6%, content 
of phenols 36-40%, this fraction being fluid at 
ordinary temperatures ; the naphthalene frac- 


tion distils 95% between 211° nnd 237°, crystal- 
lising point nbout G5°C., yield 6-10% ; tho 
wash oil distils 95% between 240’ nnd 290’, 
sp.gr. 1-025-1-040, yield 6 J%, this fraction also 
being fluid at ordinary temperatures ; tho 
anthracene oil No. 2 distils 95% between 263° 
nnd 330°, Rp.gr. 1-07-1-08, yield 5% ; the 
anthracene oil No. 1 commences to distil at 323° 
sp.gr. 1-10-1-12 yield 15-20%. 

Pot Still. — Crude nnphthn, sp.gr. 0-910- 

0- 960, distils 50-80% within tho rango 90°-IG0°, 
contains 60-435% benzole hydrocarbons, up to 
15% naphthalene, nnd 5—10% phenols, yield 
2—1%. Tho middle or carbolic oil, sp.gr. 0-960- 

1- 005, distils mainly between 165° and 245°, 
contains up to 40% naphthalene depending on 
the nnture of tho tar distilled, nnd 15-30% 
phrnols, yield 6-14%. Tho creosote oil fraction, 
sp.gr. 1-025-1-0-15, distils mainly between 220’ 
and 300~C. Under favourable market con- 
ditions tho phenols may bo recovered by a 
caustic soda wash, otherwise this oil is mixed 
without chemical treatment with the anthraceno 
oil fraction to yield timber preserving oils to tho 
British Standard Specifications (see Creosote). 
The anthracene oil fraction, sp.gr. 1-075-1-11, 
distils roninly between 270’ and 350’, yield 10- 
-0%. In order to preserve t he life of the still and 
to reduce decomposition, this fraction is obtained 
with the aid of free steam. After condensation 
of the vapours, the water is separated and tho 
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oil may be cooled to deposit erode anthracene of and 90'a tolnole, x\ lole, and solvent napbtlu. 
about 35% strength. The crude anthracene Until 1930 benzole for use as motor spirit 
is recrystaljised from solvents snch as pyridine refined by similar methods. It was thw 
and solvent naphtha to yield a high grade recognised that the sulphuric acid gave rise to 
anthracene and crude carb&zole. unnecessary losses of the order of 5-10»' 

The distillation is earned to the point at which due to sulphonation of the aromatic hydro! 
the pitch residue in the still has the desired carbons and to the removal of the olefime 
softening point when examined by one of the hydrocarbons which have a definite fuel value, 
standard methods, the end point being deter In Germany a rest noted acid wash emplovis* 
mined by the specific gravity or by the appear- 80% sulphunc acid was adopted, the treated 
a nee of the final runnings or by the temperature spirit being distilled through a 60% caustic soda 
of the pitch or vapours Normally there are solution to remove sulphonic acid esters. Intha 
three main halts- (1) the soft pitch stage country the inhibitor process was adopted, a 
(Kraemer-Samow softening point, 25°-50°C ), which the chemical treatment is reduced to that 
the product being employed for various necessary for removal of phenols and basts and 

industnal purposes such as hot process tar for reduction of the sulphur content, and to 
macadam and pipe coating for prevention of soil improve the colour keeping properties. The 
corrosion. The pitch at this stage is allowed to formation of gum from the nnsaturated hydro- 
cool off to some degree in the still and is then carbons during storage is prevented by the 
run to containers or to the mixing plant , the addition after redist illation of small amounts of 
soft pitch may be cut back with a selected the order of 0 02% of substances known as 
creosote oil fraction to yield road tars of the inhibitors. Suitable inhibitors for benzole are 
required viscosity ; (2) the medium soft or cresyhc acid of high ortho- content or catechol 

briquetting pitch stage. This pitch has a (Ho ffert and CUxton, J.S C 1. 1930. 52, 25T). 
softening point 70°C ±5® by the Kraemer The carbolic or middle oil fraction may be 
Samow method, or 78°C ±5® by the Ring and separated into two mam fractions by n- 
Ball method. This grade is run from the still to distillation and the lower boding fraction washed 
coolers which may be storage vessels with an for recovery- of phenols, or the whole fraction 
exit to air through a packed tower down which may be so treated (see Carbolic Acid; Crestlic 
heavy oil is allowed to trickle for condensation Acid) The first and second fractions obtained 
of the heavy obnoxious vapours. From the on rcdistdJation, or the whole fraction, u cooled 
coolers it is pumped while still fluid, either by m pans or in tanks fitted with agitators and the 
steam heated reciprocating pumps or by air crude naphthalene which crystallises out u 
pressure, the dry air being admitted through the separated by draining or centrifuging, and mar 
molten pitch, to overhead cooling trays of 5 be further purified by hot pressing. The crude 
tons capacity, or alternatively, it is run by naphthalene so obtained is washed in the 
gravity to wrought iron moulds holding 1—2} molten condition with 4% sulphunc acid 93-96% 
cwt . or to pitch beds, where it is allowed to cool strength, with hot water and with caustic sods 
to atmosphcnc temperature. The beds are solution, and redistilled or sublimed to yield the 
concrete or bnek-bned, and adhesion of the commercially pure product. The treated eir 
pitch is prevented by lime-washing the sides bohe oil is redistilled, the fraction distilling 
and covrnng the bottom with a shallow layer of between 160° and I90°C. being sold as "heary 
coal dust; (3) the hard pitch stage, the product naphtha" 

hav ing n Kraemer Samow softening point 100®C. Tho separation of tar into an oil fraction snd s 
and upwards This pitch is cast in cooling trays pitch fraction by treatment with light petroleum, 
and is used for special industrial purposes, such b p 40®-60®C., and determination oftbe phenols 
as clay pigeon manufacture, as a reducing agent and neutral oils in the soluble portion and of 
in metallurgical processes, as a fuel, or it may be Ttsinotds soluble in benzene but insoluble in light 
further distilled in special stills or in coke ovens petroleum, forms the basis of a useful method 
in pmiure pitch coke. for the r.Tanunstio.o of crude tars, Indmtnd 

The naphtha, light oil, and carbolic or middlo applications of this method have been patented 
oil distillates are chemically treated to remove by Lessing (B F. 130362) and Morgan ami Pratt 
phenols and bases. Narrow range fractions are (B.P. 307566, 331542), but have not been 

then prepared by redistillation for further developed on a large scale for the treatment of 

resolution into the pure compounds. high temperature tars. 

The fraction to 170® is washed with 10% Commercial Evaluation. — The production 
caustic soda solution to remove phenols, which of tar from coal was first mentioned by Beckrr 
are recovered as such (see Carbolic Acid), in 1665 and later covered by a joint patent vnts 
and with £5-30% sulphuric acid, erode pyndine Steele (BP. 214 of 1681). Clayton (173-) 
bases being recovered from the acid solution carbonised coal with recovery of by-product** 
by neutralisation with gaseous ammonia or the tar being used in place of Stockholm tir 
sodium carbonate. The neutral fraction is then From the beginning of the nineteenth cem Br 7 
redistilled from a still fitted with closed steam until 1850 coal tar was in the main regarded u 
coils, crude benzole, tolnole, and solvent a useless by-product of the new illuminating P* 
naphtha fractions being taken These fractions industry-. Early uses w ere as fuel for re 1 ®”* 
are refined by treatment with 3-1% by volume in the manufacture of roofing felt, as a P“ nl 
of strong sulphunc acid (C.O.V.) to remove wood and stone, and for production el UP 
thiophen, and oleGnie hy drocarbona, neutralised blacks. The distillation of tar is first 
by water and alkali washes, and fractionally in 1822, and in 1830 Anderson at ’ 

redistilled to yield pore and 90 a benzole, pure Edinburgh was producing naphtha waits 



213 


COAL 

rent to Macintosh in Glasgow for employment 
ns a rubber solvent. His works also produced 
pitch and carbon black. The first important 
bulk outlet was opened up in 1838 when Bethcll 
patented the employment of coal tar creosote 
oil for the preservative treatment of timber for 
railway sleepers and mine props — this use arose 
from the rapid decay of the sleepers on the 
Stockton-Darlington railway, opened in 1825. 
The light solvents were used ns such and os 
illuruinants. Following Hofmann's identifica- 
tion of benzene in coal tar (1845), Mansfield in 
1818 laid the foundations of the industrial 
process for the recovery of benzene from coal 
tar. From 1850 onwards the development of 
the aniline dye industry, employing ns raw 
materials benzene, toluene, naphthalene, and 
nnthrnecno (alizarine 180S), exerted a strong 
influence. The employment of pitch for coal 
briquetting in 1842 extended the uses to which 
the products of primary distillation were 
applied. The production of tarred roofing felt 
increased, later to decrease in this country, but 
was maintained in U.S.A. and Germany. 
From about 1910 a new factor of immense 
importance arose with tho development of the 
u c c of refined tar in road construction, both 
for surface dressing and for the manufacture 
of tarmacadam. Topped tars were first used 
on roads to eliminate the dust nuisance which 
followed tho introduction of tho motor car 
(189(1), but later prepared tars were produced 
which, acting ns a binder for tho mineral 
aggregate, gave a road surface possessing 
tlie required qualities of stability, durability, 
and safe riding surface. 

The production of crude tar increased in this 
country and more rapidly on tho Continent 
with the introduction of the by-product oven 
for the manufacture of metallurgical coke (I87G 
onwards). A further important step was the 
introduction in Germany in 1890 of the gas 
washing process for tho recovery of benzole 
from tho coke oven gases, this mntcrially 
rcducing tho export of benzeno from England 
to tho Gcrrnnn dye manufacturers. 

Tho quantity of crudo tar produced by the 
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gas industry* has tended to increase, but tho 
production from coke ovens undergoes marked 
changes in accordance with the state of the steel 
industry. Total production, therefore, bears no 
relation to the demand for the products of 
distillation, the values for which undergo 
relatively violent changes as the demand of tho 
respective using industries equals or falls 
below the supply. The post war employment of 
the benzole hydrocarbons ns motor fuels con- 
ferred on these constituents a relatively stable 
price in nn unsaturated market. Tho market 
values for naphthalene, phenols, and cresola 
have not been without interest, but the real 
economic factor for the tar distiller is tho 
price realised for the bulk products, creosote, 
pitch, and road tar. Data regarding tho pro- 
duction of these products is given in the appro- 
priate articles. Thus the value of tar as a by- 
product depends upon many factors, including 
the cost of transport of crude tar to the distillery, 
and of the products to the consumer. Present 
average values in the gas industry' arc 2J <1. to 3d. 
per gallon crude tar, equivalent to 2s. to 
3s. 3d. per ton of coal carbonised. 

On the continent of Europe tnr distillation 
practice follows the same general lines ns 
British practice. In the United States the 
outlet for pitch is limited and hence about 
one-half of the crude tar produced, after 
removal of the more valuable light oils, is 
burnt ns fuel in the adjoining steel works. At 
tho tar distillntion works, hard pitch for fuel 
purposes is produced, in order that the maximum 
yield of creosoto oil may be obtained. As 
illustrating recent American conditions, tho 
following figures supplied by S. R. Church are 
interesting : “ The revenue per American 

gallon of coko oven tnr fell steadily from 5-1 
cents in 1929 to 3-7 cents in 1933, and hod 
recovered to 4-1 cents in 1935.” 

Completo production statistics for Great 
Britain are not readily available, but the follow- 
ingdntn for 1936 have been assembled from the 
Annual Reports of the Chief Inspector of Alkali, 
etc.. Works, England and Wales, nnd from other 
sources : 


Origin of Tar. 

i 

Tar distilled. 

ntch pro- 
duced. 

Pitch 

exported. 

Tar treated 
for production 
of road tar. 

Iioad tar , 
cxj>orUd. j 

Gas works .... 

tons. 

ton«. 

tons. 


tons. ! 

1,060,000 

275,200 




Coke ovens .... 

709,900 

260,500 




Other works 

20,000 

7,600 




j Total ..... 

- 1 

1,789,900 

543,300 

407,459 

43 

1G9.9S4 : 

t 


The figures for Scotland an : Tar distilled, 
173,010 tons; pitch produced, 47,707 

tons. 

The production in Germany for 1935 was 
1.435.000 tons, of which approximately four- 
fifths was from coke ovens ; the road tar con- 
sumption was about 150,000 tons. In 1936 
the production rose to 1,680,000 tons. Tho 
1 rench production of crudo tnr, approximately 
one-half from coke ovens, was 525,000 tons ; 
•>05,000 tons of tar were U'cd for road purposes 


in addition to 171,000 tons of road tar imported. 
The annual production of tar in the United 
States from horizontal and vertical retorts i 3 
about 220,000 tons, nnd from coke ovens, 
including those on gasworks, was 2,017,500 
tons in 1935 and 2,5SS,000 tons in 1936; in 
1935, 465,000 tons were used for road purposes. 
The quantity of tar distilled in the United 
States has increased in recent years — the figure 
for coke oven tar in 1932 boingSl 1,500 tons'nnd 
in 1935 1,316,000 tons, the balance of production 
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in each year being either burned aa fuel in oxide) containing a variable quantity of 
steel works or sold as fuel. cobalt oxide mixed with it, sometimes amount 

The total world production of crude tar is of mg to 40%, sulphide of cobalt and oxides of 
the order of 7-8 million tons. copper, nickel and iron are frequently present. 

Asanasia — Standard methods for testing Cobalt Occurs in small quantities in many other 
tar and its products are fully described in the minerals — in pyntes and certain iron ores, in 
book issued by the Standardisation of Tar mispickel, in sulphide of lead, in cerite, and in 
Products Testa Committee {2nd ed., 1938), some peats and coals. 

which should be consulted. Methods for The most important source of cobalt a 
sampling are given in this publication and in Northern Rhodesia, where it occurs as cobahi 
British Standard Specification 616/193S. ferous copper ore m the N*Kana mine of tbt 

The following determinations are normally Rhokana Corporation; next m importance ccmw 
made on a sample of crude tar : Specific gravity, the Belgian Congo, where it also occurs m 
water (by distillation), matter insoluble in cobaltiferous copper ore in the Katanga region, 
toluene, ash, and distillation test, followed by followed by the (kibalt district in Ontario, where 
the estimation of phenols and of crystalbsable emaltite and cobaltite are found abundantly in 
solids in the fractions. For the distillation the silver ores, the cobalt minerals running m 
test, the flask containing about 250 c.c. tar is veins. In Sudbury, Ontario, cobalt occurs u 
heated in a fusible alloy bath and fractions to cobaltiferous pyrrhotite associated with nickel, 
210°, 230°, 270°, 300°, and 360*C. are collected, and is recovered as a by product. Other 
and the phenols, taken as the volumetric per- sources are Burma, where nickel spews earryirg 
centage of the fractions recorded Alternatively, 3—4% cobalt is a by-product from the Bums 
distillation may be conducted m a tared steel Corporation smelting operations, French 
still, about 5 litres ri the sample being taken, Morocco, where it occurs mainly os emaltitr, 
fractions being collected as before. Pyndine and China, where it occurs as cobaltite and 
bases and phenols are extracted from the oils smaltite. Asbohte occurs in New Calcdont* 
distilling to 270°, the former by 25% sulphuric and also near Port Macquarie in New South 
acid, and the latter by 10% aqueous caustic Wales Cobalt has also been obtained from 
soda solution, both being \ olumetrically deter- Schneeberg in Saxony, Joachimsthal in Bohemia, 
mined by neutralising the respective solutions Central India, Tunaberg in Sweden, Narimanov 
The oil fractions to 270° are cooled to 15 5°C in Russia, and Cornwall, 
and the naphthalene which separates is trans Extinction — The methods adopted for the 

ferred to a Buchner funnel, pressed, and weighed, extraction of cobalt from the ores vary with the 
Similar]) , the crude anthracene which separates nature of the ores, and as these generally contain 
from the oils distilling between 300° and the larger quantities of some other metal thsn 
pitch point is determined. The pitch remaining cobalt this latter is obtained as a by-product 
in the still is weighed and the softening point, in the form of a speiss containing also Arsenides 
which should normally be G5 0 -75 o C. by the of other metals, as a matte containing sulphide* 
Kraemer Samow method, is determined The of other metals, or as a precipitate during wet 
washed light oils fractions are redistilled and treatment of ores. 

the benzoic (to 100°), toluolc (to 120°). solvent Experiments on flotation concentration bare 
naphtha (to 1C0°), and heavy naphtha (to 190°) given some interesting results. Starting with 
fractions are measured (see oho Pitch, Road an ore containing 15 81% Co associated with 
Tah). pyntes and sphalerite, tho Canadian Govern- 

Literature — A. R. Wames, “ Coal Tar Distilla. ment Laboratones have succeeded in getting a 
tion," 3rd ed. ; Lunge, “ Coal Tar " , Rosendahl, 97% recovery of a 24 77% concentrate, and an 
“ Steinkohlenteer ” , J. II. Weiss, Chem. and 85% recovery of a £9 5% concentrate by 
Ind. 1932, 10, 219, 240, E Weise, Petroleum, flotation (J. S. Codard, Canada Dept. Minn, 
1930. 26, 499. 677 , “ Standard Methods for Mines Branch. Rep 728, 1933, 75-70). 

Testing Tar and its Products ” 1938 ; P. Spiel- When cobalt ores are treated direct, they are 
mann, *' The Constituents of Coal Tar”; smelted in low -pressure blast furnaces or cupola* 
Ixingmans, CreenA Co .British Standard Specifi- together with fluxes which vary according w 
cations (various). F. 31. P. the nature of the minerals present. VMO 

COBALT Sym. Co, at. wt. 68 94, at no. 27. silica is present in excess, lime is added, sna 
Isotopes 57, 69 when lime or alumina is in excess silica or a 

Occurrence. — Cobalt usually occurs combined siliceous ore is added to the charge. I* “• 
with arsenic or sulphur, and is almost m- slag obtained bo too viscous, then fluorspar u 
variably associated with nickel and other abo added. When arsenides are thus smelt*'* 
metal* Metallic cobalt occurs in meteorites a speiss or arsenide is formed, which is tapped 
The most plentiful and important ore of cobalt from the furnace at certain interval* for «u 
Is emaltite or lin white cobalt, CoAs,. which sequent treatment. The r lag obtained may 
usually contains some nickel owing to the tain 1 to 2% cobalt, it is re treated in * 
presence of cUoanthite, NIAs,. and abo furnace by which means its cobalt contw 
iron Bulpharsenide of cobalt, Co AsS, occurs may be reduced to (h5% or less. With sulptu # 
as cobaltite or cobalt glance. As b) drated ores, which ore uncommon, a similar treat roes 
arsenate, Co, As, O,, 8 H,O r the metal u results in the formation of a matte or sulpn* ' 
found in erythnte or cobalt bloom, and as containing the cobalt which abo u »u!*equco j 
sulphide it occurs in hntueile or cobalt pyrites, treated for the separation of the cobalt. 
Co,S 4 - Atbohte, asbolan, or Hack earthy During the smelting for spews or 
cobalt is essentially trod (hydrated manganese certain amount of iron is allowed to go intu 
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product because its presence reduces tho amount 
of cobalt able to pass into the slag, and tho 
iron is also useful in tho subsequent separation 
of arsenic, and in tho manufacture of ferro- 
cobnlt. 

Tho speiss ns obtained is crushed, finely 
ground, and roasted in a mechanically rabbled 
furnace, tho arsenious oxido which is driven off 
being condensed in long flues or in some form of 
dust precipitation cbnmber, collected and re- 
sublimed for salo as white arsenic of commerce. 
This roasting is continued until tho roasted 
mass contains 10% nrscnic, when it is removed 
from tho fumneo and ngain ground. Tho 
material is treated with hydrochloric acid and 
heated and agitated by means of Iivo stenm ; 
tho cobalt, nickel and copper oxides present 
arc converted into chlorides, and the chlorino 
evolved oxidises tho ferrio arsenido to ferric 
arsenate, which, being solublo in hydrochloric 
acid, remains in solution. Tho solution is 
allowed to settle and is then filtered, any 
insoluble compounds including siliceous matter 
being left behind ns a residue. The solution is 
nearly neutralised with milk of lime and the 
ferrio nrsennto is precipitated. Should there bo 
insufficient iron present to convert all tho nrsenio 
into ferric arsenate, iron is added to tho solution 
ns ferrio chloride. Any arsenic not precipitated 
by this method, together with any copper 
present, is precipitated by gassing with hydrogen 
sulphide ; if tho copper is high in quantity, 
it in separated clcctrolyticnlly. Any iron not 
previously precipitated is removed by treating 
tho solution with milk of limo until noutrnl 
to litmus and adding bleaching powder solution, 
then filtering ofT tho ferric hydroxide. Tho 
solution thus obtained contains cobalt and 
nickel chlorides, together with traces of im- 
purities, and is of a fine port-wino colour. It 
is treated with milk of limo and bleaching 
powder solution which precipitates tho cobalt 
ns hydrated oxide, Co : (OH),. With care, this 
operation can bo so adjusted ns to stop at a 
point where tho red colour of tho solution just 
disappears, leaving a green colour characteristic 
of nickel chloride, thus : 

2CoCL+CaOCL-f 2Ca(OH)„+ H„0 

*=Co;*(OH) { -)-3CaClj 

Tho green-coloured solution is treated with 
milk of lime, when tho wholo of tho nickel is 
precipitated as green nickel hydroxide (T. H. 
Gant, Chem, and Ind. 1925, 44, 157). 

The black precipitate of cobalt hydroxide 
obtained ns above is transferred to tubs, where 
it is boiled with dilute hydrochloric ncid for the 
removal of traces of nickel. It is then filter- 
pressed and roasted, being finally wet-ground, 
again treated with diluto hydrochloric ncid, 
washed to remove soluble limo salts and further 
traees of nickel, filter-pressed, and ngain roasted, 
when it is dehydrated and converted into the 
oxide, Co.Oj, which is ready for the market 
ns such or for reduction to the lower oxide or to 
metal. 

When the product of the first smelting is n 
matte, as from sulphide ores (New Caledonia), 
this matte is carefully roasted at a moderate 
temperature only and tho sulphides of the metals 


present, iron, copper and cobalt, thus oxidised 
to sulphates. These sulphates are dissolved in 
water and tho iron present is precipitated by tho 
addition of the requisite quantity of sodium 
carbonate. The copper and any heavy metals 
present arc separated by hydrogen sulphide, 
which Is filtered ofT. After boiling off tho excess 
of hydrogen sulphide tho cobalt, is precipitated 
by tho addition of sodium hypochlorite (blcaeh- 
ing-powder cannot bo used owing to the presenco 
of sulphates in tho solution), nnd tho nickel in 
the remaining solution is precipitated by sodium 
carbonate. 

At La Panda (Belgian Congo) the eobaltiferous 
copper ores are first smelted for copper in a blnst 
furnace nnd the slag, which contains about 6-5% 
Co, 5% Cu, and 10% Fe, is chnrged with a 
calcareous flux and a little coke into open 
singlc-phnso electric furnaces taking 6,000- 
8,000 amp. The product is an alloy containing 
approximately 28% Co, 30% Cu, nnd 40% Fe, 
together with a slag which is returned to tho 
copper smelting furnace. Tho upper electrode 
is of graphite and the loner electrode is embedded 
in tho conducting hearth of tho furnace. Tho 
furnace takes 50-cyclc A.C. nt 60 volts nnd 
consumes about 2,000 kw.-hr. nnd 8-9 kg. of 
electrodes per ton of alloy produced (R. Sevin, 
J. four c-lt:c. 1927, 36, 17, 211). This alloy is 
exported to Belgium, where it is treated for tho 
recovery of cobalt nnd copper. It is crushed 
nnd treated with sulphuric acid so that tho 
cobalt nnd iron pass into solution nnd tho copper 
remains ns a metallic Bpongo. Iron is removed 
from tho solution by tho addition of limo nnd 
blowing in nir, nnd nfter further purification 
the resulting cobnlt sulphate solution is electro- 
lysed (J. Leemnns, Chim. ct Ind. 1927, 17, 
87). 

Until recent years tho only market for cobalt 
compounds was in the ceramic industry, but tho 
metal itself is now largely used for electro- 
plating and ns a constituent of many alloys. 
Tho cobalt sesquioxide, Co,0,, produced ns 
above, when heated to n high temperature, 
yields tho monoxido CoO. Metallic cobalt is 
produced by henting tho oxido with carbon or 
carbonaceous material, starchy matter often 
being used ; in this latter case tho mixturo is 
made into n pnstc, shaped, nnd cut into cubes 
which nro heated to a high temporaturo in a 
retort. The metal bo obtained is not melted 
down nnd contains a certain amount of free 
carbon. Cobalt is also produced ns a grey 
metallic powder by heating the oxide in a current 
of hydrogen ; if too low a temperature bo used 
(250') the resulting metal will bo pyrophoric, 
igniting and becoming reoxidised in contact 
with nir, the ignition temperature being 3° only. 
Carbon monoxide readily reduces cobalt oxide 
at temperatures nlwno 500°, tho reduction being 
very rapid at 900 5 . Reduction with aluminium 
by the thermit process gives a metal containing 
about 0-1% aluminium (Knlmus, ,J. Ind. Eng. 
Chem. 1914, 6, 107). Pure cobalt may bo 
obtained as a powder by heating cobalt oxalate, 
Co(COj),. A button of the pure metal may be 
obtained by fusing the oxalate alone ora mixture 
of the oxide and charcoal under a layer of 
suitable glass ; the fusion is preferably 
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performed in a lime or magnesia crucible at tie Co, (CO)*, are formed which melt at 51*. w* 
highe=t temperature of the furnace. Pure soluble in alcohol or ether but insoluble nj 
cobalt tnae&Ko be obtained by electro deposition water, and decompose above 52° yieldsc* 
from a suitable electrolyte and by heating cobalt Co(CO) 3 . which further decomposes at 100" 
carbons I " (r. Carbonyls). Cobalt may be deposited 

Properties — Cobalt is a brilliant silver- as a fine lustrous coating on metals by the 
white metal with a slight bluish tinge. It ranks electrolysis of a neutral solution of the double 
next to iron as a magnetic metal and retains sulphate of cobalt and ammonium. Deposited 
its magnetism at high temperatures; above on diatomite bnck, cobalt is a good catalyst 
1,1 CO 3 -!, 150®, however, it becomes para- for the hydrogenation of ethylene, causing rapid 
magnetic. There are two aDotropic modifies- reaction at —20® (Pea«e and Stewart, J, Amer 
tions of cobalt ■ a cobalt exists at ordinary Che in. Soe 1927, 49, 2783). 
temperatures and has a stable, elo«e-packed. Detection and Estimation. — S ee Chemical 
hexagonal lattice, but at 400° ft cobalt is AraLYSIS (VoL H, pp. 553, 578, 5S0, 612, 656). 
formed, which is stable above this temperature 

and possesses a face-centred cubic lattice. Both Allots op Cobalt. 

varieties may exist aide by side at ordinary 

temperatures, but a cobalt is the stable form Copper — Cobalt forms with copper i 

and fi-cobalt the unstable form. Cobalt melts senes of alloys containing no definite chemical 
at 1,480° and boils at 2,375°/30 mm. Its specific compounds Two senes of solid solutions 
gravity is S 756 as cast, 8 81 after annealing, are formed containing respectively 0-10% and 
and 8 925 after swaging It is harder and more 95 5-100% copper, and alloys between these 
tenacious than iron, its Bnnell hardness number limits consist of conglomerates of the tun 
varying between 124 and 130, its ten«i)e strength sets of solid solutions, solidification being 
being about 34,400 lb persq in in the cast state, complete at 1,105®, m these alloys also the 
36,9M)lb in the snnealed condition, and 100.000 magnetic change is lowered to 1,050°; alloys 
lb after rolling, and its compressive strength as containing 99% copper are magnetic (R. 
east 122,000 lb per sq in . after annealing Sahmen. Z anorg Chem. 1908, 57, 1). The 
1 17,200 lb. per cq in Eleetrodepo«ited cobalt is Bnnell hardness number of the senes increases 
harder than the ordinary metal, its Bnnell with additions of cobalt to copper from 28 
number being 270-311, according to conditions for pure copper to 180 for the alloy cob 
(ilcNaughton and Hotbemll, J Electrodep taming 90% cobalt. Cobalt has a marked 
Tech Soe. 1930. 5. 63) The electneal resist- effect on the electneal properties of copper, 
ance is 6 4x10-* ohm per cm* for pure the specific resistance increases rapidly up to 
metal, and 8 96x10-* for 99 73% samples; 3 2% cobalt, at which figure the resistance 
the specific beat between 15® and 100® is reaches 9 45 microhms per cm.* at 2CP. 
0-1053 The presence of from 0 00 to 0-3% The addition of 3 to 5% cobalt gives alloy* 
rarbon in the metal increases the tensile and with a minimum temperature coefficient of 
compressive strength and the electneal resistance resistance of about 0-00077 and a maximum 
but has little effect on the hardness Pure tbermoelectnc effect of 33 microvolts fox 1* 
, cobalt may Lc msehined in a lathe as readily as difference of temperature. Copper alloys con- 
' pure iron or nickel, but it is somewhat brittle; taming 1-6% cobalt are remarkably ductile. 
• cobalt containing a small quantity of carbon malleable and tenacious. 

machines like mild steel, and whilst pure cast Cold — Molten gold and cobalt are miscible in 
cobalt cannot be swaged without cracking, all proportions, the freezing-point curve of the 

the metal containing carbon may be rolled or senes having two branches meeting at a eutectic 

swaged down from the cast state provided these at 997° containing 90% gold. Solid solutions 
operations are earned out on the hot metal are formed containing 0-5 5% and 06 5-100% 
It is soluble m hydrochloric and sulphuric acids gold All the alloys are magnetic, the magnetw- 
with evolution of hydrogen, and rapidly soluble ability falling off with increasing percentage* of 
in nitric acid ; it is not attacked by hot or gold, rapidly at first, then more slowly, 
cold alkali, but if used as an anode m the Zinc — With line, cobalt forms a series of 

electrolysis of alkaline electrolytes it passes sobd solutions containing 0-5 to 18 5% cob** 1 
into solution as colloidal co ballons oxide. The saturated solution contains 13 4% cobalt 
Cobalt occludes from 60 to 150 times its own and a eutectic containing 0-5% cobalt solidior* 
volume of hydrogen, the amount Yarymg at 413°. The compound CoZn, i* form™ 
with the mechanical condition of the metal, at 18-46% cobalt with a melting-point of 
When heated, the powdered metal combines 873®. 

with chlorine, bromine and iodine. It decora- Aluminium . — Cobalt and aluminium form » 

poses steam at a red heat and if finely divided series of alloy s of w hich the freezing-point cures 
ignites when heated in oxides of nitrogen, has been determined by A.G.C.GwycrfZ.anorj:. 
and in a current of ammonia gas at 470° forma a Chem 1908, 57, 140). This curve show* a 
nitride, CO|N~ which decomposes at C00®. maximum at 1.62S® and 68 5% cobalt corre- 
Compact cobalt doe* not oxidise in air at sponding to the compound CoAl and tw® 
ordinary temperatures, but it becomes super breaks at 1,165® with 38% and at W0° with 
finally oxidised at a red heat; sulphur unites cobalt. There are two eenea of solid solution* 
with red hot cobalt to form sulphide. When containing respectively 69 5 to 90-5 and 90-5 
finely-divided cobalt is heated to 150®-200° 100% cobalt. There is a minimum on w 
in carbon monoxide at 100 atm. pressure, curve at 1 ,375° and 90 5% cobalt. The ro»- 
orange-red crystals of cobalt carbonyl, pound CoAl on cooling reacts with the u<p> H 
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mass in alloys containing less than 68-5% 
cohalt at 1,IG5° to form the compound Co.Al s , 
and again at 940’ to form Co 3 A1, 3 . A eutectic 
occurs at 654° containing about 1% cobalt. 
The Foiid solubility of cobalt in aluminium is less 
than 0 02%. 

Tin . — Cobalt and tin arc miscible in all 
proportions in the molten state and the freezing- 
point curve has been determined by K. Lewkonja 
(Z. nnorg. Chem. 1908, 59, 294). This curve 
shows that when solid, the maximum amount of 
cobalt soluble in tin is 3-5%. There is a first 
eutectic at 1,088’ and 34% tin and the eutectic 
line extends from 3-5% to 48% tin, at which 
point Co.Sn forms and freezes at 1,151°. 
There is a second compound CoSn, which 
forms at 950’; this compound undergoes a 
polymorphic change at 530°. A second eutectic 
freezes nt 230° with less than 1% cobalt and 
occurs in all alloys between pure tin and the 
compound CoSn, containing G6% tin. 

Chromium . — Cobalt and chromium are 
mutually soluble both in the liquid and in the 
solid state. At a temperature of 1,320° the 
liquidus curve shows a minimum nt approxi- 
mately 47% cobalt. Alloys containing 45-83% 
chromium undergo a reaction at 1,225°, nt this 
temperature the homogeneous solid solution 
breaks down into two solid solutions. Alloys 
containing 0-45% chromium show a polygonal 
structure containing cobalt-rich cores, the 
chromium increasing from the centre to the 
outside. In alloys containing more than 55% 
chromium the chromium content of the grains 
decreases from the centre to the outside. At 
room temperatures the alloys containing up to 
25% chromium are magnctisablc and the 
temperature at which loss of magnetism 
occurs decreases rapidly with increasing 
chromium content, the addition of 10% lowers 
the transformation temperature from 1,050° 
for pure cobalt to 68G°, 15% to 300°, whilst the 
addition of 25% lowers it to below room 
temperature. 

Ternary Alloys . — Chromium alloys, together 
with the ternary alloys containing cobalt, 
chromium, and tungsten, or molybdenum or the 
quaternary alloys containing all four of these 
metals, constitute an important class which arc 
known under the name Stellite, from the Latin 
Stella, for a star, chosen been use of the brilliant 
poli«h such alloys take, and retain when exposed 
to ordinary atmospheric conditions. The 
straight binary alloys of cobalt and chromium 
can be cast into bars or other forms and are 
almost file-hard. They arc slightly malleable 
"hen cold and distinctly so when hot, and can be 
further hardened by heating to redness and 
quenching in water. An alloy containing 
70% cobalt, 25% chromium, and 5% tungsten is 
a distinctly harder alloy which forges at a red 
heat and takes a good cutting edge ; this alloy 
i' suitable for cold working tools such as chisels 
and wood-working tools. Much harder alloys 
are obtained by increasing the tungsten to 20%- 
at which point they can only l>c forged to a 
limited extent ; and by increasing the tungsten 
**> ”5%, giving an alloy containing cobalt 00%, 
chromium 15%. and tungsten 25%. a very hard 
alloy is obtained which cannot be forged but is 


cast into bars which are subsequently ground 
and used ns cutting tools for steel and cast 
iron. Molybdenum produces much the same 
effect as tungsten and the addition of 10% 
makes an excellent lathe tool. An alloy con- 
taining cobalt 45%, chromium 15%, and 
molybdenum 40% is very bard, cuts glass, and 
will even scratch quartz. A common range 
for the composition of stellite is cobalt 45-50%, 
chromium 25-30%, tungsten 15-20%, and 
carbon 2-5-2-75%. For cutting tools this may 
be used as cast bars or as tips which are brazed 
to shanks and blades fitted into slots in milling 
and boring heads. It has also been used for 
giving hard tips to picks, for the hard-facing of 
dies, and for facing aeroplane tail skids and tho 
steel rings of cement kilns. Stelliting is tho 
operation of depositing a layer of the alloy on 
steel or cast-iron by means of the oxyacetvlene 
torch, the atomic hydrogen torch, or the electric 
are, to form a hard wear-resisting surface. A 
new electro-chemical method of cladding 
ferrous products with stellite is described 
by R. R. Rogers (Ind. Eng. Chem. 1935, 
27, 783). IVidia is nnother cobalt alloy con- 
sisting of tungsten carbide containing about 6% 
cobalt. It is used for heavy-duty latho work 
and the turning of glass and bakelitc, and is 
probably the hardest known alloy. 

Iron . — Cobalt is an important constituent in 
certain steels, especially magnet steels, and when 
the metal is destined for use in the steel industry 
it is generally obtained ns a mixture of iron 
and cobalt known ns ferro-eobalt. This is 
marketed in the form of cubes containing from 
10-15% iron and 80-90% cobalt. 

Hickel . — With nickel it forms a series of 
solutions both in the liquid nnd solid condition. 

Carbon . — Cobalt dissolves 3-9% carbon at 
1,700°, and nt tin eutectic temperature 1,300° 
cobalt retains 0-82% carbon in solid solution. 
The eutectic is found to contain only metallic 
cobalt nnd graphite but no carbide. 

ELECTRori-ATrso. — Cobalt is used for electro- 
plating purposes owing to the pleasing colour 
nnd resistance to tarnish of the deposited 
metal. It has been considered that cobnlt 
deposits arc harder than nickel deposits, but 
D. J. Mnennughtan (J. Iron and Steel Inst. 
1924, 109, 410) has shown that under varying 
conditions the Brinell hardness of cobalt 
deposits may vary between 270 and 311, that of 
nickel deposits may vary between 180 nnd 420. 
A suitable bath contains 5G5 g. cobalt sulphate 
(crystal), 20 g. sodium chloride, and 30 g. 
boric acid per litre. A current density of 10O- 
1G0 amps, per sq. ft. may be used and the 
plating may be carried out more rapidly than 
with nickel (Brass World, I92G, 22, 303). 

Cobalt as a Catalyst. — An account of tho 
reactions of olefins in the presence of metals 
has been given by G. Eglofif and C. I. Parrish 
(Chem. nnd Ind. 1937, 56, 321) in which cobalt is 
included. A cobalt catalyst prepared by 
calcining the nitrate on pumice followed by 
hydrogen reduction was heated in a current of 
ethylene (Walker, J. Phys. Chem. 1927, 31, 
9G1), no liquids were found up to 5-15° while 
much carbon was deposited. At 400’ there was 
40-5% decomposition yielding mostly hydrogen 
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and a email amount of ethane, while at &i5° there When heated with magnesia it produces a 

was 97-4% decomposition into a gas containing pink mass ; with alumina, a fine blue (Thenard'j 
principally hydrogen, a small amount of ethane, blue), and with zinc oxide a green (Rimnann’i 
and 13 0% methane. Reduced cobalt has no green). Zaffre is obtained by heating a mixture 
effect upon ethylene at ordinary temperature, of roasted cobalt ore with Band to a temperature 
but aboee 360° the gas was decomposed into below the melting point, (c. infra, p. 219c). 
hydrogen, ethane, and carbon with email Pigments containing Cobalt.— Thenard't 
quantities of bemeee and its homologuos. It is Blue, Cobalt Blue, Cobalt l/Hramarw, 
lees active than nickel but acts similarly King's Blue or Azure Blue. — The compoeitiou 
(Sabatier and Senderens, Compt. rend. 1897, of this pigment vanes considerably according 
124, 616, 1358; 1900, 131, 267; Ann. Chim. to the method of manufacture. The original 
Phys. 1905, [viu], 4, 436). Thenard’s blue was prepared with phosphate 

or arsenate of cobalt and alumina, but now 
Compounds op Cobalt. eobaltous oxide and alumina are practically 

always used. Using the original method, it 
Oxides.— There aretbree well-defined oxidesof may be prepared by precipitating a solution of a 
cobalt, namely, eobaltous oxide, CoO, cobaltosic cobalt aalt, usually the nitrate free from iron and 
oxide, Co,Oj, and cobaltic oxide, Co,O s . nickel, with potassium or sodium phosphate or 
Coball out oxide is obtained when cobalt is with sodium arsenate. The gelatinous violet 
burnt in oxygen or when oxygen is blown precipitate is thoroughly washed and well 
through the molten metal. It is also obtained mixed with 3-5 volumes of freshly precipitated, 
by roasting the powdered metal in air, by well washed alumina precipitated from a solution 
heating eobaltous hydroxide below 350° in a of alum free from iron by the addition of sodium 
current of hydrogen, or by beating the hydroxide carbonate. The mixture is dried and calcined 
or carbonate in air. It vanes in colour from at a cherry-red heat in a well covered clay 
greenish grey, red, brown, to black, according crucible. When the desired blue colour hu 
to method of preparation and size of grain developed the mass is ground in water and dried 
Cobailtms hydroxide, Co(OH),, is precipitated A similar product may be obtained by the 
when potassium hydroxide is added to a simultaneous precipitation of the oxides of 
solution of a eobaltous salt oat of contact with cobalt and aluminium by the addition of sodium 
air as a blue or rose-red precipitate, the carbonate to & mixture of cobalt nitrate and 
blue is considered to be CoO.H-O, and alum; the mixed precipitate is washed and 
the rose Co(OH),, the latter gradually turns heated as above. 

brown m contact with air forming cobaltio According to Hedvall (Arkiv. Kemi, Mia, 
hydroxide CoJOH),. Cobaltoetc oxide is Geol. 1914, 5, No. 16, 1), eobaltous oxide and 
formed superficially when metallic cobalt is alumina are preferably ignited m presence of 
heated in air or by heating cobaltic oxide or potassium chloride as a flux. When the cobal- 
hydroxide in air; when the product is heated tous oxide is in excess the resulting product 
in hydrogen it is reduced first to eobaltous oxide can be obtained pure by treatment with water 
and then to metal. Coball to oxide is formed to remove the flux and with hydrochloric acid 
when a concentrated solution of eobaltous to remove the excess of cobalt oxide. At 1,100° 
chloride mixed with potassium chlorate is the blue aluminate, CoO.AIjO, is formed; 
evaporated to dryness, heated to a temperature at temperatures above 1,100° a green aluminate, 
of about 250°, and then extracted with water. 4CoO,3Al t O,, is produced. Wagner and 
On heating to 265° it decomposes, leaving Vanino found that cobalt sulphate could be 
Co,0 4 , ana at a high temperature yields CoO. used instead of phosphate and that the alumina 
Impure forms of hydrated cobaltic oxide are was most suitably introduced as ammonium 
found in various minerals and the oxidation of alum. To 22 parts alum were added 2 5 to 
eobaltous salts in acid or alkalino solutions 5 parts cobalt sulphate and 0 3 parts magnesium 
yields these compounds, the composition of the or zinc sulphate; the mixture was melted in its 
hj drat© depending on the concentration and tem- water of crystallisation and constantly stirred 
peraturo of the solution and the nature of the until dry, after which it was heated to the 
oxidising agent used. The preparation of a required temperature (L. Vanino, Chem -Ztg 
number of definite hydrates has been reported, 1911,85, 497). 

including 3Co,0,,2H,0 ; Co,0,,H,0. The Tbenard’a blue colours indudo m 

2Co,0,.3H,0; 3Co,0,,6H,0; Co,0,,2H,0; range of blues known as “ Matt " blues. Thws 
Co,0],3H|0. are prepared by heating cobalt oxide with 

Cobaltous oxido is used for the preparation of ammonium alum or potash alum and alumina 
the salts of cobalt and also of smalt the glass with the addition of varying quantities of xinc 
obtained by heating the oxide with certain oxide. From 20-30% of uno oxide helps t0 
fluxes such as sand. It is also used by cnamellera weld the colour to the body in tho ccram* 0 
and porcelain manufacturers for tho production industry without destroying the bins (T. H. 
of the finest blue glare and colour on porcelain Gant, Chem. and Ind. 1025, 44, 160). 
glass and Other vitnfiable substances. The Thcnard's blue is of a fine ultramarine 
presence of of oxide imparts a bluish colour ; the presence of excess cobalt imparts a 

tinge to clear glass. The presence of other somewhat greenish tinge. It has, however, 
oxides has an injurious effect on the colour the disadvantage of appearing violet by gw* 
produced by this substance ; H is therefore iigbt. It is one of tbe most permanent mue 
necessary, for the more delicate work, to ensure pigments, being unaltered by acids or au*M 
its complete freedom from such impurities. and Is largely used as an oil and water colour. 
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but works better ns water colour. It is non- 
poisonoua and bos the nd vantage of miscibility 
with other pigments without alteration. 

Cowuleum, c.-elino or bleu celeste, is a corre- 
sponding colour containing oxides of tin and 
cobalt and calcium sulphate or silica. It is 
prepared by heating together cobalt sulphate, 
tin oxide, and precipitated silica or chalk and 
it« general composition tnay bo oxide of tin 
4D DO, oxide of cobalt 18 00, calcium sulphate or 
silica 31-08. It mny also be prepared by pre- 
cipitating a solution of cobalt nitrate -with 
sodium stannate and heating the precipitate as 
above. It is a fine light blue pigment of slightly 
greenish tinge, of greater density than Thenard’s 
blue, and retains its colour m artificial light. 

New Ulue is a blue pigment of shade varying 
from a pale greenish -blue to a deep turquoise 
blue, largely used for enamels, it consists of 
aluminatcs of cobalt and chromium produced 
by tho action of alum on carbonates and 
hydroxides of cobalt and chromium, and tho 
subsequent firing of the resulting precipitate. 

Cobalt Green, Ihnmnnn's Green . — The con- 
stitution of this pigment corresponds with 
that of Thennrd's blue with the substitution of 
zinc oxide for alumina. It has been shown 
to lie an isomorphous mixture of cobalt zmeato 
(CoO-ZnO) with zinc oxide which cannot be 
chemically separated (J. A. lledvall and T. 
Nilsson, Z. anorg. Client. 1932, 205, 425) 
It may bo prepared by mixing a solution of 
pure cobalt sulphato (or nitrate) into a paste 
with zinc oxide and heating in a muffle furnace 
for 3 or 4 hours until the desired colour is 
obtained. Pigments of a more uniform nature 
are produced by the precipitation of a mixture 
of solutions of zinc and cobalt salts by means of 
sodium carbonate, phosphate, or arsenate, 
drying nnd heating the precipitate. The 
phosphate is said to give a purer and brighter 
green colour than tho carbonate. 

Ilinniann’s green is a fine permanent pigment; 
its colour varies through many shades, according 
to the proportion of zino oxide present, the 
dnrker greens containing less of that substance. 
It is lion-poisonous nnd unacted upon by dilute 
nods or alkalis, but is attacked by ammonia 
It bns also the advantage of not affecting, or 
being affected by, other pigments. 

Turquoise Green is another permanent green 
pigment prepared by firing n mixture of cobalt 
oxide, alumina, nnd chromium oxide, or some- 
times the following proportion of freshly pre- 
cipitated suLstanecs arc fired: CoCOj 20, 
AljOj 40, Cr.Oj 20. 

Cobalt Bronze is an ammonium cobalt phos- 
phate of n violet colour, with a bronze-like 
mi lalhe lustre. 

Cobalt Tcllow, Fischer's salt, nureohn, Indian 
vtllou, consists of potassium cobaltmitrito 
prepared by the addition of potassium nitrite 
to a solution of a cohdt salt acidified with 
acetic acid. Its composition Mines with tho 
proportions used nnd the strength of the 
solution. Iirdmann and Sadtlcr found that 
when preeipitnted from a solution containing 
much ncctir acid, it consists of K 3 Co(NO.) e 
with a variable amount of water. It is a bnglit 
villuw crystalline powder, very free from 
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impurities, unacted upon by cold water or cold 
acids, nnd but slowly blackened by sulphuretted 
hydrogen. It forms a fine pigment for artistic 
purposes nnd when used for painting porcelain 
it produces on baking the usual blue colour, 
which is of great beauty. 

Cobalt Brown is produced by calcining a 
mixture of ammonium, ferrous, and cobalt 
sulphates. 

Cobalt Bed is produced by heating a mixture ol 
magnesia nnd cobalt oxide. Solid solutions are 
formed the colour of which varies with tho 
proportions of the oxides from light to dark red 
(Hedvall, Z. anorg. Chem. 1914, 86, 296). 

Smalt, Bleu d’Azur, Bleu de Saxe . — This 
important substance consists essentially of a 
potassium silicate glass coloured with cobalt. 
In the preparation of smalt in Saxony, smaltinto 
is principally used. In Norway and Sweden 
the principal ore is cobaltite. The general 
process is the same for both ores. Tho selected 
ore is powdered, freed from the lighter earthy 
impurities by a process of washing or con- 
centration nnd roasted in a reverberatory or 
muffle furnace. Tho arsenic nnd sulphur are 
expelled ns oxides, the former being condensed 
in chambers. The roasting should be continued 
until only sufficient arsemo is loft to combine 
with the less oxidisable metals, especially copper 
nnd nickel, while tho greater pnrt of the cobalt 
is converted into oxide. The product is known 
as 7nffre or zaffler, which is sometimes con- 
sidered ns a crude oxide of cobnlt and some- 
times ns n basic arsenate and is used for painting 
on porcelain. Towards tho end of the process 
of roasting a small portion is occasionally 
tested and the process Btopped when tho 
finest tinted glass is produced. Tho material 
is then ready for fusion for “ Bmnlt.” 

The fluxes used consist of powdered quartz 
and potassium carbonate. They muBt bo very 
pure, ns the presence of lime or many other 
substances impairs the beauty of the colour. 
The proportions of the ingredients vary accord- 
ing to the richness of tho ore nnd the colour 
required. Tho potassium carbonate used 
generally amounts to about one-third of tho 
weight of tho zaffro and quartz together. 
White arsenic is sometimes added to reduce any 
ferric salt nnd thus prevent the injurious effect 
of that substance on the smalt nnd otherwise to 
heighten the colour of the product. The 
exact amount of each substance is found by a 
test fusion and comparison w lth n smalt of tho 
required colour. 

The mixture is melted down in crucibles or 
pots made of very refractory clny, free from 
lime ; these pots are strongly heated and tho 
mass fuses in about 8 hours, it is frequently 
stirred to render it homogeneous and to break 
the crust which forms on the surface. The 
quartz nnd potash react with the formation of 
fusible potassium silicate, which dissolves 
the cobalt oxide forming the blue smalt, while 
the mixed arsenides of nickel, copper, nnd iron 
with the small quantity of cobalt arsenide 
which is always present fuse and form a brittle, 
metallic-looking rpeiss beneath the smalt. 
This usually contains about 3% cobalt and a 
considerable quantity of nickel nnd these arc 
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recovered. The mass is left at a high tempera- 
ture for some time without stirring, to allow 
the spetss to settle, ami the smalt 13 then ladled 
out into vessels of cold water. It vs thus 
rendered granular, brittle, and easy to pulverise. 
The blue glass is nest ground under water 
and the product passed through a senes of 
depositing vats for suing, the coarser portions 
being reground and the finest portions being 
remelted if necessary. The marketable portions 
are dried and sifted. The presence of oxides 
other than those of cobalt and potash, even in 
small quantities, exerts a powerful influence on 
the colour of the smalt. Baryta produces an 
indigo tinge; sodium, calcium and magnesium 
produce a reddish shade , iron, a blackish-green 
very prejudicial to the brighter coloured smalts, 
manganese, violet; nickel, violet, but less intense ; 
copper, zinc, bismuth and antimony, dull 
shades. 

The composition of smalt vanes considerably , 
the sihea is usually from 56-70%, potash 12- 
22%, cobalt oxide 6-16% j it frequently contains 
small quantities of alumina, ferrous oxide, and 
lime. Smalt is a very permanent blue pigment 
largely used for the production of blue colours 
with vitreous substances It w as formerly used 
for colouring starch, paper, etc., but for this 
and many other purposes it is now almost 
superseded by artificial ultramarine, which, 
however, is far less permanent. 

Uses of Cobalt in the Ceramic Industry. 
— In the form of oxide, cobalt is largely used 
in the ceramic industry in three mam ways 

(1) As a body stain, (2) as a glaze stain, and 
(3) as an underglaze or on glaze stain. 

(1) As a body stain cobalt is used because tho 
clays used for nearly all pottery bodies contain 
iron which gives a yellow tinge to the fired goods 
Tho added cobalt counteracts this by pro- 
ducing a complementary blue coloration which 

•ralisca the yellow and gives a pure white 

olour. For canying out this process black 
, oxide of cobalt is mixed with about 10% of 
china clay, thoroughly ground with water, 
and passed through a 200 mesh sieve. Tho 
product is added to the pottery body in the wet 
state in the proportion of about l lb cobalt 
oxide to 1 ton of dry pottery body. The 
exact quantity necessary is determined by 
trial. Sometimes the cobalt 13 added as 
chloride For colouring bodies various shades 
of blue, cobalt oxides in larger quantities are 
used. In combination with oxides of manganese, 
nickel, and chromium, all shades of blue and 
green may bo obtained with cobalt oxide 

(2) As a glaze stain the use of cobalt is most 
widely known in pottery manufacture becauso 
of the rich blue colours possible. The charac- 
teristic royal blue colour is obtained by 
adding 5% cobalt oxide to a glaze of high lead 
content. The oxide may be introduced either 
in the raw state or after fusing with a soft fnt 
in a crucible, running into water, and grinding 
with the necessary quantity of glaze. All 
shades of blue, blue green, celadon glazes, etc., 
may be made by mixing the cobalt oxide with the 
oxides of iron, chromium, manganese, copper, 
and mckcL 

(3) For under glazes or on-glaze colour stains 


cither smalt blue, which gives an intense 
nolet-blue colour characteristic of cobalt 
silicate, or Thenard’s blue, a rich turquoise 
blue characteristic of cobalt illuminate, may be 
used. 

Examels. — In the form of smalt cobalt is 
used for the colouring of blue enamels. The 
oxide is also used in small quantities in the 
production of white enamels, thus neutralisin'* 
any yellow due to the presence of iron. By 
the addition of cobalt oxide to certain raw 
mixtures and waste enamels a beautiful Muck 
enamel is produced which when added to other 
black enamels intensifies the colour; the com. 
pounds such as silicate, aluminate,and phosphate 
are largely used, as they give a more uniform 
colouring than the oxide. Cobalt oxides up to 
0 5% are also used in the preparation of ground 
enamels for enamelling iron vessels. These 
oxides are found to increase the adherence of 
the enamels (T II. Gant, I c ). 

Sulphides . — Cobaltovs sulphide, CoS. h 
formed when sulphur is projected onto red hot 
cobalt, its formation being attended by incan- 
descence and fusion The freezing point curve 
of the system Co-S has been determined 
up to 33 5% sulphur by K. Fneilnch 
(Metallurgy, 1908, S, 212) and indicates the 
formation of the compounds Co,S,, Co,S 4 , and 
CoS. The following sulphides have also been 
reported by various workers: Co,S, Co,S 4 . 
CojS v CaSj, and Co,S v 

Arsenides.— The compound CoAs, occurs 
m the mineral elvltenidite in Norway, and 
CoAs, occurs in the important mineral smalt lit. 
The freezing point curve of the Co-As wnea 
has indicated tho existence of the compounds 
Co.As,, Co.As, Co, As,. and CoAs (K. 
Fnednch, Metallurgy, 1908, 5, 150). The 
compounds Co,As,. CoAs, and Co,As, have 
been prepared by Lucelhez (Compt. rend. 1908, 
147, 424). 

Antlmonldes. — Tho compounds CoSb and 
CoSb, have been indicated during the examina- 
tion of the Co-Sb senes by Ducelliez (Compt. 
rend. 1903, 147, 1048). 

Nitrides. — Tho nitride Co,N is described by 
Beilby and Henderson (J.C.b. 1901, 79, 1251) ; 
tho nitride Co,N, by Vournasos, Compt. rend. 
1919, 168, 889; tf. Bergstrom, J. Amer. Cbem 
Soc. 1024, 46, 2631). The azide Co(N,), « 
highly explosive (IVohler & Martin, Ber. 1917, 
50, 6S0) , 

Silicldes. — When metallic cobalt is heated to 
I.COOM, 300® in silicon tetrafluonde vapour, the 
compound Co,SI is formed as grey metalko 
crystals. This tame compound, together with 
CoSi and CoSI,. has been prepared in eleetno 
furnaces. Other sdicides have been reported 
by Jenge (Z. anorg, Chem. 1921, 11 8 , 105). 

Carbonyls. — There are two carbonyl* w 
cobalt, the tetra carbonyl. Co, (CO),. and the 
tricarbonyl, Co (CO),. The tetracarbonyJ » 
prepared as follow » : cobalt oxalate is h 0 * 1 "* 
until completely converted into the oxide, which 
is then w ashed free from traces of chloride* 
which hinder tho formation of the carbonyl, 
and dried at ISO 11 . The oxide b placed, W * 
suitable apparatus and reduced to cobalt ny 
means of hydrogen at 300°, and a pressure 01 •» 
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atmospheres. After reduction is complete the 
hydrogen is displaced by carbon monoxide, the 
pressure being increased to from 40 to 250 
atmospheres and the temperature reduced to 
1 50' ! -2.'50' 1 , when varying quantities of carbonyl 
nre collected in a tube attached to the outlet of 
the apparatus and immersed in a freezing mixture. 

The tetracarbonyl forms orange-coloured 
crystals of ap.gr. 1-73 which melt at 51° and 
decompose above that temperature. It is 
in«oluble in water but is soluble in most organic 
solvents and in nickel carbonyl. It is not 
attacked by aqueous acids, but concentrated 
acids and the halogens decompose it forming the 
corresponding salt, carbon monoxide, and 
hydrogen : 

Co 2 (CO) 8 +2H 2 S0 4 =2CoS0 1 +8CO + 2H 2 

In contact with air, a deep violet-coloured 
compound is formed which is most probably a 
hydrated basic carbonate. Tho crystals are 
lsest. preserved in n scaled tube in an atmosphere 
of carbon monoxide. When the tetracarbonyl 
is heated to CO 5 one quarter of the carbon mon- 
oxide is evolved at a regularly decreasing rate, 
leaving cobalt tricarbonyl, no intermediate 
product being formed. When heated to 100°, 
one-quarter of tho carbon monoxide is evolved 
almost instantaneously, the rest coming off 
very irregularly anil comparatively slowly 
(Mondj Hirtz, and Cownp, J.C.S. 1010, 97, 798). 

Xitric oxide reacts with cobalt tetracarbonyl 
slowly at ordinnry temperature, but instan- 
taneously nt 40°, partly decomposing it into 
triearbonyl and carbon monoxide and partly 
converting it into the nitroso-tricarbonyl 
Cd(CO) 3 NO, whirlt is n eherrv-red mobile 
liquid (Monti and Wallis, J.C.S. 1022, 121, 33). 

Salts of Cobalt. — The soluble salts of cobalt 
nre prepared by the solution of the oxide, 
carbonate or metal in tho various acids. They 
are generally pink and deliquescent, forming 
pink solutions when dilute, but when dried or in 
concentrated solution they are blue. I’or this 
reason solutions of chloride or nitrate of cobalt 
nre used ns sympathetic inks, such writing being 
nlmost invisible until brought near a fire, 
when the letters nppear blue. They gradually 
reabsorb moisture and against become invisible. 
This change in colour has also been used for 
preparing "iloml hydrometers” by tinting 
artificial flowers which in damp weather remain 
pink but in dry weather turn violet or blue. 

When ammonia is added to solutions of cobalt 
salts oxygen is absorbed, giving rise under 
various conditions to many complex series of 
salts containing ammonia and known ns cobalt- 
nmminc salts which have received much atten- 
tion (r. OmmniXATio.v Compounds) 

Cobaltous fluoride, CoF., is prepared by 
heating the chloride with ammonium fluoride 
in a current of hydrogen fluoride, and forms 
rose-coloured prisms slightly soluble in water 
(roulette, Compt. rend. 1892, 114, 1426). The 
hydrated fluoride, CoF ; .2H.O, is prepared by 
Absolving the oxide or rarlxinate in hydro- 
fluoric acid ; on evaporation rose-red crystals 
of the above composition are deposited 
(Kdmin«ter anti Cooper, J. Amcr. Chcm. Soc. 
1020, 43,2410). 


Coballic fluoride, CoF 3 , has been prepared 
by O. Rntr (Z. angew. Chcm. 192S, 41, 739) 
and by O. Ruff and E. Ascher (Z. anorg. Chcm. 
1929, 183, 193) by the action of fluorine on cobal- 
tous chloride in a quartz tube nt 150°. When 
heated to 250° in hydrogen it is reduced to 
cobaltous fluoride, tho reaction being complete 
at a red beat. 

Coballous chloride, CoCI,, is obtained by 
warming powdered metallic cobalt in chlorine 
gas; it ignites, forming bluo crystalline scales of 
tho anhydrous salt which can be sublimed in a 
current of chlorine. It is also prepared by 
dissolving the oxide or carbonate in hydro- 
chloric acid and evaporating tho solution. 
According to the temperaturo nt which it 
crystallises, it may contain C, 4, or 2 molecules 
of water of crystalhsntion, tho last nt tho 
higher temperatures. The commercial salt 
contains C molecules of vnter and is violet in 
colour. 

Cobaltous bromide, CoBr,, is formed ns a 
green fused mass of the anhydrous salt when 
bromine vapour is passed over metallic cobalt 
at a red heat. This salt absorbs water from 
the atmosphere, yielding a dark red liquid 
owing to the formation of CoBr 2 ,6H 3 0. 

Cobaltous iodide, Col 2 , is produced in tho 
anhydrous state by heating metallic cobalt in 
iodine vapour. It is also obtained with ovolu- 
tion of heat when finely-divided cobalt is wnrmed 
with iodine and water. 

Cobaltous sulphate, CoS0 4 ,7H,0, is pre- 
pared by the solution of tho oxide or carbonate 
in dilute sulphuric acid. It crystallises in red 
crystals isomorphous with magnesium sulpliato 
soluble in 24 parts of cold water. The following 
hydrates CoS0 4 ,6H 3 0, CoS0 4 ,4H 2 0 and 
CoS0 4 ,H 2 0 nre known, each of which on 
beating loses its water forming an infusible, 
opaque mass of a rose-red colour. 

Cobaltie sulphate, Co 3 (S0 4 ) 3 ,1 8H 2 0, is 
obtained when a cooled acid solution of cobaltous 
sulphate is elect rolysed in a divided cell. It is 
deposited in blue needles soluble in water, which 
solution rapidly decomposes into cobaltous 
sulphate. It has also been prepared electro- 
lyticnlly by S. Swann, jun. and T. S. Xanthakos 
(,T. Amcr. Chcm. Soc. 1931, 53, 400), who have 
shown that it lias strong oxidising properties 
towards many organic compounds. 

Coballous nitrate, Co(N0 3 ) 2 , in the 
anhydrous form, 1ms been prepared by A. Guntz 
and F. Martin (Bull. Soe. chim. 1909, fiv], 5, 
1001) by the action of nitric anhydride or of a 
solution of nitric anhydride in nitric acid on 
hydrated cobaltous nitrate and also by tho 
action of finely-divided metallic cobalt on a 
solution of silver nitrate in liquid ammonia. 
In this form it is a slightly pink powder which 
begins to decompose nt lOOMO-T 1 . The 
hydrated nitrate. C0(NO 3 ) 2 ,6H 2 O, is obtained 
by di-solving the oxide, hydroxide, or car- 
bonate in dilute nitric acid, when a carmine red 
solution is obtained and on evaporation this 
fumi=hes reddish-brown deliquescent crystals. 
Other hydrated nitrates containing nine and 
three molecules of water have been prepared. 
Cobalt nitrate solution is used ns a reagent in 
blowpipe analysis. 
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Uses or Cobalt Salts is Pacts akd 
Vabsisbes. — Certain cobalt salts, such as the 
acetate, borate, resmate, oleate, linoleate, “oleo- 
resmates,” benzoate, •* tungate," and cobalt 
as hydroxide are used as dners m the manu- 
facture of paints and Tarnishes. Organic i 
of cobalt nave been found to be the most 
convenient and efficacious dners and have the 
additional advantage of causing no discoloration 
of the paint. To some extent cobalt salts also 
enable the lower-pnced semi drying oils each at 
soya, fish, and even cotton seed oils to be substi- 
tuted for the higher priced linseed oil m the prepa- 
ration of paints. The dners in the liquid and 
•olid forms are also used in the manufacture of 
waterproof fabnes, linoleum, oilcloth, patent- 
leather, artificial leathers and similar industries. 

When the acetate is used for drying linseed 
oil, from 0 2 to 0 4% is necessary. The oil is 
heated at 150®-200° and the acetate is stirred 
in until dissolved. Sen a oil is treated similarly 

The borate is prepared by adding a solution 
of cobalt sulphate to a cold solution of borax ; 
the precipitate formed is filtered washed with 
cold water, and dned. 

The benzoate is prepared by adding cobalt 
carbonate to a solution of benzoic acid until 
neutral ; the filtered and dned product is 
ground to powder. 

For the preparation of the resmate the best 
American water-white rosin is used which 
should be completely soluble in turpentine and 
ether, ha\ e a melting point of 75°-85°, and a 
saponification value of 167-180. The rcsinate 
may be prepared either by the precipitation 
or tho fusion method. For the precipitation 
method the ream, suspended in water, is heated 
to 100° and a 20% solution of sodium hydroxide 
is gradually added with stirring. A solution of 
sodium chlonde is then added to the clear brown 
solution The precipitate of sodium resmate is 
dissolved in hot water and a 10% solution of 
cobaltous chlonde is added to precipitate the 
sage green cobalt resmate which is washed and 
dned. The fused resmate is prepared by heating 
the resin to 140° and adding cobalt hydrate 
with constant stirring. The temperature is 
then raised to 17D°-1S0® and the melt poured 
into pans and allowed to cool. The precipitated 
resinate contains about 7-5% cobalt and the 
fu«cd resinate 4—1 23%. 

The fatty acid dricra are usually made with 
linseed oil, although other oils, such as soya, 
tung or walnut, are sometimes used. The linseed 
oil is completely saponified by gradually adding 
10% aodium hydroxide to tho oil heated to 
100“. The clear brown solution is then diluted 
with hot water and a solution of sodium chlonde 
added. The granular soap formed is removed, 
redissolvcd in water, and repreci pita ted with 
bnne. The punfied soap is again dissolved in 
water and a 10% solution of cobaltous chlonde 
solution added. The precipitated cobalt “ Uno- 
leate ” is filtered, wasted, and dned at 80®. 

When 1 5% of a good drier is dissolved in 
linseed oil at a temperature of about 120° it 
should cause a thin film of this /»1 to dry at 
room temperature to a removable skin in 7-8 
hours (r/. T. II. Gant, I e.). 

C. 0 B. 


COBALT BLOOM. Erythnte, hydrated 
cohalt arsenate, Co, As ,Og, 8 H,0. It is found 
frequently as a peach-coloured incrustation on 
arsenical ores, being produced by their de- 
composition. 

COBALT BLUEorTHENARD’S BLUE 
v. Cobalt, this vol. 21 Sc. 

COBALT BROWN, BRONZE, GREEN, 
RED, YELLOWr. Cobalt, this voi.p. 210c. 

COBALT-GLANCE, SULPHARSEN. 
IDE OF COBALT r. Cobaltite. 

COBALT PYRITES, LINN/EITE t. 
Cobalt., this voi.p 2146. 

COBALT SPEISS r. Cobalt, this vol. 
214<f. 

COBALTITE or COBALT-GLANCE. 

Sulpharsenido of cobolt, CoAsS, containing 
Co 25-35%, with Fe 2-5%. It frequently 
occurs as well-developed crystals, fino specimens 
coming from Tunaberg and H&kansboda in 
Sweden and Skutterud in Norway; these are 
cubic with parallel hemihednsm and with the 
same characteristic form as crystals of the iso- 
morphous mineral iron-pyntes. Granular and 
compact masses also occur. The colour is tin- 
white with a reddish tinge and a brilliant metallic 
lustre ; the streak is greyish black. Spgr. 62, 
hardness 5}. A bed of pure cobaltite averaging 
0 2mm thickness occurs at Dashkessan, Govt 
Tiflis, Caucasus In the Cobalt area of Ontario 
massive cobaltite and small crystals are present 
with the more abundant sroaltite. Under the 
name sehta the mineral, found at Khertj, m 
Rajputana, is used by the Indian jeweller* for 
producing a blue enamel on gold and sdrer.^ ^ 

COBLACt Cellulose Plastics 

COCAINE AND OTHER ALKALOIDS 
OF ERYTHROXYLUM SPECIES. The 
genua Erylhroryhi m (Fam. Erythroxy lace*) fa 
prmc.pally found on tho western side of South 
America, although indigenous species occur m 
India, Africa and Australia Chiefly three 
kinds, derived originally from Bolivia and Peru, 

i cultivated 

. Erythrorylum coca. 

1 E. coca, \ ar. novogranaltnse (=£. cariia- 
genst Jacq ) 

3 E Iruzillense Rusby (J?. Spruceanum) 

On the London market four kinds of coca 
leaves arc distinguished - lluanuro (BoIiviaii, 
from 1) , Truxdlo (Peruvian, from 3); <1*** 
(from 2) , Ceylon (from 2 or 3). 

The alkaloids obtained from coca leave* 
fall into four groups, viz : . 

1. The cocaines, which on hydrolysis yifM 
eegomne, methyl alcohol and benzoic, cinnanuc, 
or truxillic acids : 

Cocaine ■ Methy 1 benzoylecgonine. 

Cinnamoyleocaine. Methyl cinnamoylccgomnc. 

a Truxilline (yisatropy leoeame) : Methyl a- 
truxilloyleegonine. . 

^-Truxilline (S isatropy leoeame) : Meltm p- 
troxilloylecgonine. , . 

2. The pseudolropeines are closely related 
the tropemes and are hydrolysed into pseudo 
tropme and an acid. 

Tropacocaine : Benzoy Ipaetidotropwe. 
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3. Tho acylugoninu in which the carboxyl- 
pro up is free and only the alcoholic group is 
estcrificd : 

Benzoylecgonine. 

4. The hygrinct, which arc derived from 
pyrrolidine : 

Hygrino and Cnscohygrinc. 

The two most important producing countries 
of coca arc Bolivia and Java, but it is difficult 
to judge tho world production of coca-leaves. 
In South America a considerable amount of 
crude cocaine is manufactured which docs not 
come into the following statistics. 

Extort of Coca Leaves (From tho Annual 
Reports of tho League of Nations (nos. in kgs.) : 

1032 1033 1034 1035 1030 

Bolivia 347049 335807 205011 170189 131955 
Dutch 

Indies 209131 101591 104671 125155 117264 
Formosa ? 44598 44598 64598 49598 

Peru 85542 76776 72374 S972I 167896 


Within the Inst years the coca production has 
much decreased, in 1924 Java produced 
ns much as 1,071,000 kg. At tho same 
timo tho number of coca plantations has 
decreased from 112 to 57 and the cultivated 
area from 2,112 to 864 hectares. Details of 
tho production may be obtained from the 
Annual lloporta of tho League of Nations. 
Tho total alkaloid content of Javn leaves 
in higher than the total alkaloid in South 
American coca. In different years the yield of 
total alkaloids varies considerably (Java, 
1908: 1-2-5% ; 1909: 1-22%). 90% of 

total alkaloids present in South American coca is 
/•cocaine, Java coca contains only 0-5% 
cocaine, tho samo percentage of cinnamyl- 
cocaine, and approximately 1% of truxillincs, 
but these alkaloids can easily bo transformed 
into /-cocaine. Coca-leaves experimentally 
grown in India contained 0-4-0-8% total 
nlknloida, chiefly cocnino (quoted by Henry, 
“ Plant Alkaloids,” 2nd ed., 1924, p. 90). The 
market for Jnva coca is Amsterdam; tho London 
and Hamburg markets deal mostly with coca- 
lcavcs of other origin nnd with crude cocaine. 

The coca plant is a shrub which, when care- 
fully cultivated, can bo grown for about 20 years. 
The leaves are plucked in the early morning 
nnd must be dried nnd ground the same day; 
they nre then packed nnd shipped in tin boxes, 
avoiding any nccess of moisture, which is 
deleterious to the alkaloid content (tee Martel], 
l’harm. Zentr. 1928, 69, 551). 

For history of coca, botanical details, cultiva- 
tion, etc., tte Tschirch “ Hnndbuch der Pharma- 
koguoric ” (Leipzig, 1923, vol. Ill, 1, pp. 309- 
320). 

Extraction of Coca. — Either coca-leaves or 
crude cocaine of South American origin nre 
cxtmrtod. The genera! outlines of the extrac- 
tions nre known, but many details, e.g. the use of 
rolvcnts nnd the preparation of different cocaine 
salts, arc kept secret by the manufacturers. 

Tlie leaves arc cither extracted with dilute 
nrids (s-r Ullmann, “ Enivklopfidie der tech- 
ni»rhen Clicmie," Berlin, 1929, vol. Ill, p. 453) 
or moistened with lime water or soda-solution 


and exhausted with EtjO or benzene (see 
Duilius, Chem.-Ztg. 1930, 54, 31, or Schwyzer, 
“ Die Fabrikation der Alkaloide,” Berlin, 1927, 
pp. 85ff). Also extraction processes with 
H,S0 4 +EtOH as solvents (Squibb) and many 
other modifications nre known. 

(а) Extraction suitablo for Java coca: The 
leaves are exhausted with dilute H 2 S0 4 ; 
after careful addition of Bodn the total nlknloids 
nre extracted with benzene or toluene. Extrac- 
tion of these solvents with 10% H 2 S0 4 yields 
a solution of the credo total sulphates. Tho 
total alkaloids are hydrolysed with a small 
excess of dilute H„S0 4 (boiling for 12-18 hours), 
when MeOH, benzoic, cinnamic, truxillic acids, 
and ccgonine nre formed. -Tho acids are 
removed and the mother-liquors concentrated ; 
from the concentrated solution eegoninc is 
precipitated by EtOH. Thus nil eegonino 
present as cocaine, cinnnmyleocninc, nnd tho 
truxillincs is nvnilablo for tho subsequent 
“ synthesis ” of cocaine. Eegonino is first 
csterified with MeOH nnd H 2 S0 4 , and then 
benzoylatcd with benzoyl chloride or benzoic 
acid+ POClj. 

(б) Extraction suitable for South American 
coca : Tho leaves are moistened with limowater 
and extracted with Et.O. Diluto acetic acid 
extracts the total nlknfoids from tlie ethereal 
solution. Crude cocaine is precipitated with 
soda-solution. This is dissolved in approx. 
10% acetic ncid, nnd nt n temperature not 
exceeding +5° impurities aro oxidised with 
permanganate until the red colour persists for 
30 minutes. Tho solution is then neutralised 
with nmmonia nnd tho total alkaloids pre- 
cipitated with 5% soda-solution. Tho dried 
precipitate, which is brown in colour, is dissolved 
in E t „0 and mnngnneso dioxide filtered off. 
The ctlicreal solution is concentrated, when'puro 
cocnino crystallises out. Tho mother-liquors are 
completely freed from EtjO nnd treated with 
light petroleum, which dissolves any cocaine 
still present. The residue consists largely of 
isatropylcocainc, which is hydrolysed and 
transformed into cocaine as mentioned above. 

Analyses of Coca-leaves. — Tho official 
“ Amslerdnm-nnalysis ” of coca-leaves is not 
published, the values obtained include cinnnmyl- 
cocnine and truxillincs. In London nnd in 
Hnmburg tho content of crude cocaine is given 
according to the methods of Harrison nnd of 
Gilbert. The estimation is based on tho extrac- 
tion of the leaves with a mixture of Et s O, 
CHClj nnd nmmonia. The organic solvents 
arc then exhausted with dilute H 2 S0 4 nnd tho 
basified solution rc-cxtrncted with* Et.O. The 
evaporated extract is dissolved in excess of 
jV/10 H.S0 4 nnd titrated back with A’/50 KOH 
using cochineal or iodeosin ns indicator (see 
“United States Pharmacopoeia,” 8th Rev.). 
Other descriptions use light petroleum ns 
extraction medium ; the further process is 
similar, the alkaloids from the ethereal solution 
being dried to constant weight nnd then weighed. 
Sec aho critical survey of Bierb'ng, Pape and 
Yichovcr (Arch. Phnrm. 1910, 248, 303) and 
de Jong (Arch Phnrm. 1911, 249, 209). 

For microchcmical identification of cocaine in 
plant material, tte Klein and Sonnleitliner 



(Oesterr. Bot. Zeitschrift, 1927, 76, 263) and 
Brandstctter (Chem. Zentr. 1922, IV, 729). 

Official in the “ British Pharmacopoeia,” 1932, 
are: Cocaine and Cocaine HC1; official cocaine- 
containing prescriptions are : Lamella Cocainx 
and Lozenge of Kramenx et Cocauix. 

Official in the “ United States Pharmacopoei 
1936, axe : Cocaine and Cocaine- H Cl. 

Cocaine (I). C n HnO t N, [a]” -16 4® (in 
CHCIj), m p. 9S®, volatile abov c 90®, crystallises 
from EtOH in monochnic, four- to stc-sided 
prisms It is easily soluble in EtOH (1 part in 
10 parts), Et,0 (1:4), benzene, carbon disul- 
phide, CHCIj (1:0 5), acetone and light petro 
ieum, slightly soluble in H,0 (1 600) The 
saturated aqueoOs solution is alkaline to litmus, 
has a slightly bitter taste, and produces numb- 
ness when applied to the tongue. 

(I) is precipitated from solutions of its salts by 
ammonia, caustic alkalis, and alkali carbonates 
When (I) is boiled with H,0 bcnzoylecgomne 
and MeOH are produced; hydrolysis with 
mineral acids and with caustic alkali yields 
I eegonine (Il)and d pievdoecgonine respectively, 
together with MeOH and Ixmzoie acid. Alka 
line hydrolysis is 1,500 times more rapid than 
acid hy droly sis. 

For dissociation constants of (I) and (II), 
tee Koltboff (Biochem Z. 1925, 162, 309-12). 
For test for identity and purity, tee "British 
Pharmacopoeia,” 1932, p. 124, and "United 
States Pharmacopana," 1936, p 123. 

Cocaine Hydrochloride is the salt chiefly 
used in medicine It crystallises from EtOH 
m short prisms, [a] D — 71 95° (in 2% aqueous 
solution), m p. 200-202®. The salt is soluble 
in 0 5 parts of H t O and in 3 parts of 90% 
EtOH Test for purity (“British Pharma- 
copena," 1932) to 5 millilitres of a 2% aqueous 
solution add 0 3 millilitres of A’/l H,S0 4 and 
then 0 5 millilitres of .V/50 permanganate 
solution , a clear violet colour is produced, 
which in the absence of dust and at 
temperature not exceeding 20° does not co 
pletely fade within 30 minutes (limit of reducing 
substances and of cinnamylcocaine) Similar 
test for purity in ” United States Pharma- 
copccia," 1936. 

Maclagan's Test . If a 10% ammonia solution 
is added to a solution of pure ( T) H C I, a cry a tab 
line precipitate of (I) must slowly be formed, 
a milky appearance indicates th£ presence of 
amorphous alkaloids, especially tnixillines (for 
details of test and other tests, tee “British 
Pharmacopoeia " and "United States Pharma- 
copoeia "). Cocaine does not give characteristic 
colour- reactions ; for Yitali's colour-reaction, 
tee Hardy (J. Phann. Chim. 1921, [yh], 24, 325) 
Other Salts: (I) H 1 CrO«,H,O t m p 127®. 
Sparingly soluble in H.O, is produced when 
potassium chromate is added to an acid solution 
of (I) HCI Other sparingly soluble salts are 
B, HjPtCI 4 , B HCI HgCI,. B Hl l t (per- 
iodide), etc. (1) HCI forms sparingly soluble 
precipitates with Mayer's reagent, phospho- 
molybdic, phosphotungstic and sihcotungstic 
acids {tee Itoscnthalcr, “ Dcr Narhw eis organ 
ischer Verbindungen," 2nd ed , p. 732). 

For quantitative estimation of (I) and 


(I) HCI. see Heikel (J.C.S. 1909, 96, II. Id). 
Nyman -Bjorksten (Z. anal. Chem. 1915.54,62)' 
Gamed and Collie (J C.S. 1901, 89. 675); 
Klein (“ Handbuch der Pflanzenanalyse,*’ Wicil 
1933, voL IV, part 3/1, p. 540). (1) may be 
identified by the absorption spectrum, I! rustier 
(A. 1927, 91); Eisenbrand (Amer. Chem 
Abstr. 1926, 20. 2722); Castilla and RimpoJ 
(A. 1928, 920) ; Bontempi (Amer. Chem. Abstr 
1932, 26, 1862) ; Fischer (iM. 1933. 27, 4552) ' 
d-Cocaine (<£ $ cocaine) has been isolated 
from coca leaves by Liebermann and Gie*el 
(Ber 1890, 23, 508, 926). The alkaloid u 
probably not natural but formed during the 
extraction. [a/ D +42 2° (m CHCI,), m p tff’, 
gives a sparingly soluble nitrate. 
Cinnamoylcocaine(III). C-.H.-O-N, [al n 
-4 7° (in CHCIj), m p. 121®. crystallises from i 
mixture of benzene and light petroleum in 
rosettes of needles. (Ill) HCI,2H t O, m p. 176* 
(dry), flattened needles from HjO, platiru- 
chloride, m p. 217°, aunchlonde, mp 156®. 
When (III) is warmed with HCI, it is hydrolysed 
to l eegonine, cinnamic acid, and MeOH. 

Truxl Hi nes (lsatropylcocaines), CjjHjjOjN, 
Hesse (Ber. I8S9, 22, 665) and Liebermann 
(Ber 1888, 21, 2342) isolated from Peruvian 
coca-leaves two amorphous alkaloids which were 
first named cocamine and isococamine. 

a T ruxilline (IV) (cocnmine, yhwtropvl- 
cocaine) • amorphous white pou der, m p 80*, 
easily soluble except in light petroleum. 

/i-Truxilline (V) (wococamme, Jmtropyl 
cocaine) . amorphous, sinters at 45® and decora 
poses at 120®. Both tnixillines on acid hydroly- 
sis yield eegonine, MeOH, and a • or /? truxdkc 
acids (C.H.O.), respectively. 
Benzoylecgonine, CuH^OjN, (alp -63 3® 

(in H-O); crystallises from water with 4HjO 
m needles, m p. 92® or 195® (dry). It is obtained 
by boiling (1) in H t O. It was also obtained 
in small amounts from coca leaves (see Skraup, 
Monatsh 1883,6,536). 

1 Eegonine (II), C,H,jO,N H,0, Wo 
•45 4° (m HjO), m p. 108“ (anhydrous), crystal 
hses from dry alcohol in monochnic prnms 
with 1H.O, easily soluble in H t O, less in 
EtOH, insoluble in Et.O, CHCI,. and other 
organic solvents. (II) js the final basic hydro 
lytic product obtained by action of acute on the 
cocaines (see introduction); it is an amphoteric 
substance and when estenfied with MeOH and 
benzoylated, (1) is obtained. 13y variation of 
the acid chlorides and the alcohols, many 
homologues of (1) have been prepared. 

d-Ecgonlne (better d ^-ergomne) u dextro- 
rotatory. m p. 254“ (204°); it crystallises from 
dry EtOH in tablets. d^-Ecgomne w formed 
when the cocaines are hydrolysed by alkali*- 
d-ifi Eegonine is not an optical but a stereo- 
isomendc of ( II). Like the latter, it forms a series 
of esters ; from d f eegonine d cocaine (rnetbyl 
benzoyl d 1 1 eegonine) lias been prepared. _ 
Tropacotalne (VI) (Benzoyl ^ troprme) 
jjHjjOjN, lias been found in Java snd Icni- 
..an coca- leaves (Giesel and Liebermann, Iwr 

1891, 24, 2336, tf also Rccns. Chem. Zentr. 
1920, IV, 103). (VI) is optically 
mp. 49®, it cry* tfl l , * 8C * ,n nereUes, ~ 

EtOH and Et,0, insoluble in H,0. 


When 
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heated with HCI or baryta it is hydrolysed to 
benzoic acid and i/j-tropine (m.p. 108°, b.p. 
240") which is a stereoisomcridc of tropine 
since it can be oxidised to tropinone. Tropine 
and ^-tropine nrc mutually convertible. Dissoci- 
ation constants of (VI), set KolthofT (Bioehcm. 

1025, 162, 307). Analytical differences 

between (I) and (VI) set lteicbard (Phnrm. 
Zen tr. 1008, 49, 337). For synthesis of a ring- 
liomologue of (VI), set Blount and Robinson 
(.I.C.S. 1932, 1429). (VI), under the form of 
the hydrochloride, is the only other coca-alkaloid 
used in medicine. 

Constitution or the Cocaines. — The co- 
caines are esters of the amphoteric substanco 
ccgonine with MeOH and benzoic, cinnamic, or 
truxillic acid. Ecgonino and its derivatives 
differ throughout from tropine and its derivatives 
by C0 2 . A derivative of ccgonine (nnhydro 
ccgonine) was transformed into a derivative of 
tropine (tropidine) (Einhom, Bcr. 1890, 23, 
1338); this fact proved that (II) is a tropine 
carboxylic acid. This is also confirmed by 
Wiilstiittcr's degradation of (II) to subcrone. 
The elucidation of tho tropine-structure led 
Willstiltter (Bcr. 1898, 31, 1202, 2055) to propose 
the following structures for (II) and its deriva- 
tives: 

CH. — CH CHCO.R. 

‘ I \ 

NMe CH-OR. 

I / 

CH.— CH CH, 

(II) : R,~R.= H. 

(I): R,~ C B fd s -CO ; R,=Me. 

(III) : R, — C 0 H 5 ’CH:CH-CO ; R,= Me. 

(IV) and (V): Rj= (CoHsO.),, ; Rj=Me. 

Formula (B) represents (VI). Wolfes and 
Ilrotnntkn (Amcr. Chcm. Abstr. 1035, 29, 4305) 
have isolated an interesting new tropanc- 

derivative from coca-leaves for which they 
suggest the formula (C) : 

CH CH CH. 

' I \ 

NMe CH-OR. 

I / 

CH t — CH CH. 

(B) Ri=C c H s -c6. 

CH.— CH CH. 


NMe 
HO-CH— CH— 


CH-OH 

-CH. 


(C.) 


SvSTiirsns or Cocaine. — There nrc four 
stereoi«omeridcs of ccgonine and cocaine 
po«ihle, three of which have been obtained 
synthetically, r-Ecgonine and r-d-ccgoninc have 
I’ccn resolved into d- and 1- forms. Those two 
forms ( 11(100 in the spatial arrangement of the 
hydroxyl-group (cis-trans-isomerism ns in trop- 
ine and d. tropine) ; the third form which has 
no: lseen resolved difTers by the ris-tnns-i=o. 
ticrism of its carboxyl-group. (For theoretical 
Vot.. lit.— 15 


discussion, see Willstatter and Bommer, Annalcn, 
1921, 422, 18). 

1. Willstatter and Bode (Bcr. 1901, 34, 1457 ; 
Annalen, 1903, 326, 42) obtained sodium 
tropinone enrboxylatc by interaction of sodium 
tropinone with CO. and sodium. This on 
reduction with sodium amalgam in weakly acidic 
solution gave a mixture of r-tp- ccgonine and 
r-ccgoninc [sec additional note, Willstatter, 
Wolfes, and Muder, Annalen, 1923, 434, 134). 

2. A second synthesis of r-d-eegonine is 
described by Willstatter and Bommer (Annalen, 
1921, 422, 15) : Diethyl succinyldiacctato is con- 
densed with mcthylamine, tho resulting pyrrole- 
dcrivntive is catalytic-ally reduced to a pyrrolid- 
incdiearboxylate which by a Dieckmann conden- 
sation is transformed into tropinonecarboxylic 
ester. This ester is identical with the product 
of synthesis 1. 

CH,— CO— CH.-CO.Et 

CH.— CO— CH.-CO.Et 

CH=C CH.-CO.Et 

NHjMo ^ Me 

> / 

CH=C CH.-CO.Et 


H. + Pt, followed 


by Dieckmann 
condensation. 


CH. CH CH— CO.Et 

\ \ 

NMe CO 

/ / 

CH. CH CH. 


3. From the technical point the third synthesis 
of Willstiltter, Wolfes, and Milder (i.c.) is the 
most valuable. Succinic dinldehydc, methyl- 
amine and the dipotassium salt of ethyl acetone- 
dicarboxylatc are condensed to yield ethyl 
tropinonecarboxvlate [cf. Robinson, J.C.S. 1917, 
111, 762). 


CH.— CHO CH.-CO.Et 

H\ I 

+ >Me + CO 

h/ I 

CH.— CHO CH.-CO.Et 

CH, CH CH— CO.Et 

I \ 

v NMe CO 

I / 

CH. CH CH. 

Reduction of tho last substance yielded r- 
d-eegonine (1), r-eegonine, (2) nnd the third 
racemic ccgonine (cis-trans-isomcric tropanol- 
carboxvlic acid). On resolution (I) yielded d- 
nml 1-ecgonine, the former, on esterification 
with MeOH nnd benzoylehloridc gave d-cocaino 
(t/-d- cocaine, sec earlier). The bitartrate of 
d-d-cocaine is called pslcainc, it is nl-o used as 
local anaesthetic and is a product of some 
importance. If (2) is resolved and esterified 
d- nnd 1-cocaine are obtained, the latter is 
identical with natural cocaine. 

Hyc.rines. — The hygrines were discovered 
bv Lessen (Annalen, 1802, 121, 374) in Peruvian 
coca-leaves. Liebermann showed that this 
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alkaloid fraction by distillation in racuo can be 
separated into the two alkaloids hygrine and 
cuscohy grrne. 

Hygrine (VII), C,H ls ON, Me- 13°, bp. 
92-94720 mm. or 193-1957760 mm, is a 
strongly alkaline liquid, yielding a characteristic 
picrate, m.p. 158°, and a crystalline oxime, 
m p. 116-120°. By oxidation with CrO, 
hygric acid (C ( H],0,N) is obtained w hich was 
synthesised by \\ illstattcr (Ber. 1900, 33, 
1160; AnnaJen, 1903, 326, 91). r-Hygrine was 
synthesised by Hess (Ber. 1913, 46, 3113,4104) 
Cuscohygnne, C,jH,,ON, (VIII), is optically 
inactive, b p. 185732 mm , forms a crystal- 
line oxime, m.p 53-54°, is miscible with 
H t O, a crystalline hydrate is known (m p. 
40°), and the salts are crystalline The nitrate 
is characteristic, it crystallises from EtOH, 
tn p. 209° (decomp ). (VIII) is very labile; by 
influence of acids or alkalis it is easily trans 
formed into (VII) ; when oxidised with CrO,, 
hygric acid (A’ methylpjrrohdine 2 carboxylic 
acid) is obtained Various papers deal with the 
constitution of (VIII), but no final decision 
can be taken between the two possible altema 
fives (sec Hess and co workers, Ber 1915, 48, 
J980, 1920, 53, 781 , 1921, 54. 2310, Annalen, 
1925,441,137). 

CH, CH — CM, 

| llMe 'cO 

CH, CH, CH, 

VII. 

CH,— CH, CH,— CH, 

CH, CH-CH,— CO-CH,— CH CH, 

\Me 

CH,— CH, CH,— CH. 


a-COCCINIC ACID, COCC1NIN r 

COCHINEAL. 

COCCI N IN r. Cochineal, ( this vot. p. 22\f). 

COCCI NONE v. Cochineal, (this vol. p 

2 28 d). 

COCCULUS IND1CUS or INDIAN 
BERRY v. Anamikta Panicclata. 

COCHEN ILLIC AC I D t. Cochineal, (this 
vol. p. 22Sb). 

COCHINEAL. This natural dyestuff vu 
used as a dye and cultivated by artificial Keans 
in its native country, Mexico, at a remote period 
of history. Cochineal consists of the dried tody 
of an insect, the Coccus each, which lives upon 1 
species of cactus (the A 'opalea eoccinellifm 
S.-Dyck or Nopal), a plant which is found m 
the wild condition, but w hich, for the sake of the 
insect, is cultivated in gardens which ire 
termed Nopalenes, The insects are collected 
before the commencement of the rainy season, 
and are killed by immersion in boding water, 
or are enclosed in a knen bag and placed in an 
oven ; by the latter process the peculiar white 
down covering the insect is preserved, hut in the 
former case is lost. 

In Mexico and Central America two varieties 
of cochineal are known — the home grown or 
fine cochineal ( gratia fina), and the wdd or 
forest rochineal ( grana siletstra) The former m 
more valuable than the latter, and is richer m 
colouring matter. After 1830 the cultivation 
of cochineal was introduced into Spam and the 
Canary Islands, Algeria and Java, but the meet 


CH,— CH, CH,— CH, 

I I I I 

CH, CH— CH— CH CH, 
NMe CO ' S WMe 

I 


Piiysiolocical Action op the Cocaine 
Citocp. — Cocaine Li used in medicine os a local 
anaesthetic, it is mydriatic and highly toxic 
It acta chiefly on the centra) nervous system, 
death occurs from paralysis of the respiratory 
centre. Tropacocainc is the only other coca- 
alkaloid used in medicine For psieame, tee 
Gottlieb (Z. physiol. Chem 1923, 130, 374) 
For details of cocaine action, «r Henry, " Plant 
Alkaloids,” 2nd ed., p. 112, and text-books of 
pharmacology. 

SchL 


COCAM I NE r. Cocaine, (this vol p 224e). 
COCCERtC (COCCERINIC) ACtO v. 
Cochineal Fat and Wax. 

COCCERIN or COCCERYL COCCER- 
ATE. A wax extracted from Cochineal 
insects (r Cociiineal Wax and Fat). 

COCCERYL ALCOHOL r. Cochineal 
Fat and Wax. 


those of Java. Since the discovery of the 
coal-tar colours, the consumption of cochineal u 
a dyestuff has gradually decreased, and at the 
present time it is only employed in a minor 
degree According to Licbermann (Ber. 16S5, 
18, 1969) cochineal contains about 10% of 
colouring matter. 

Carminic acid, the colouring matter of 
cochineal, was first isolated by Pelletier anil 
Caventou (Ann Chim. Fhys 1818, [ 11 J, 8. 250) 
and was subsequently examined by rainy 
chemists. SchStrenberger (ihtd 1858, [ui), 54, 
52) succeeded ui obtaining canninic acid in a 
crystalline condition by precipitating the 
colouring matter as its lead compound, decom- 
posing this w ith hydrogen Bulphide, and oystaj- 
luting the liberated canninic acid from alcohol- 
ether The most simple method of purification 
of carminic acid, however, 1 * that devised by 
Miller and Rohde (Ber. 1897, 30. 1762) A 
solution of the crude colouring matter in five 
times its weight of water is diluted with four 
times ita volume of acetic acid ; the filtered 
liquid, on standing ovei sulphunc acul, gradual)) 
deposits the carminic acid in a crystalline 
condition. 

Carminic acid crystallises in red prism* muIT 
soluble in water and alcohol with a purple-red 
colour. It possesses no melting point, bo 
darkens at 130°, and at 250“ become* quite 
black. Oft he many empirical formula? suggrttol 
for carminic acid by earlier workers ti* 
advanced by Liebermann, Haring and 
mann (Ber. 1900, 33. 149), viz. 
was generally accepted ns correct, 
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thranol and anthraquinono respectively, the carminic acid differs from carminic acid only in 
production of cochcnillic acid indicating the having one atom of oxygen less, due to the 
positions of the carboxyl and ono hydroxyl and loss of the jS-hvdroxyl group in the putpunn 
one methyl group ; nucleus during the reduction. That deoxy- 

carminie acid contains two hydroxyl groups in 
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Dimroth further concluded that carminic 
acid itself is n derivative of anthraquinono, for 
by distillation with zinc dust in an atmosphere 
of hydrogen, a 5% yield of hydrocarbons of the 
ant hraccno series was obtained. After oxidation 
of tho mixture of hydrocarbons lie isolated 
nnthrnquinone, and possibly a-methylanthra- 
qninone. Further, by treatment of carminic 
arid with boiling dilute sulphuric acid, a 10% 
yield of trihydroxymethylanthmquinono car- 
boxylic acid was obtained, and this acid, when 
heated with water at 230-2-10°, yielded tri- 
bydroxymethylanthraquinono by loss of carbon 
dioxide. Dimroth therefore formulated car- 
ininio acid : 



An examination of kermesic acid, the colouring 
matter of kermos, by Dimroth and I'ick 
(Anrmlen, 1010, 411, 315) showed that this acid 
is a derivative of hydroxynnthrnpurpurin. Tlie 
similarity of the absorption spectra and dyeing 
properties of kerinesic acid to those of carminic 
arid led Dimroth and Jvfinimerer (Her. 1920, 
53, [U], -471 ) to infer that the latter is also a 
derivative of hydroxynnthrnpurpurin. 

1 ndcr suitable conditions carminic arid is 
reduced by rinc dust and noetic acid to a 
Icueo-rompmind which is converted by ntmo- 
rphrrie oxidation into deoxyearminic acid , 
Jrllowidi-rrd needles, the ncctvl- derivative of 
«iuch melts at 245-250° (dedomp.). Dcoxy- 


the 1 : 4-position is shown by its oxidation to a 
diquinonc, from which carminic acid is re- 
generated by the action of acetic anhydride and 
sulphuric acid. Parallel reactions are observed 
in the case of kerinesic acid and hydroxy- 
nnthrnpurpurin. 

When carminic acid is wnrmcd with acetic 
anhydride in the absence of a catalyst, a hexa- 
acctyl derivative is formed, and two hydroxyl 
groups in a-positions in tho nucleus remain 
unnectylated, since the substance is readily 
oxidised to an unstable diquinonc, reduced by 
sulphurous acid to the parent substance. With 
acetic anhydride and sulphuric acid at tho 
ordinary temperature, carminic acid yields an 
octa-acctyl derivative. Since only four hydroxyl 
groups are present in the anthraquinone 
nucleus, it follows that the remaining four 
must be present in the side-chain, to which tho 
composition C 6 H 13 0 5 has been previously 
assigned (Dimroth, Annalen, 1913, 399, 13). 
This side-chain can only be a saturated univalent 
hydrocarbon radicle with live oxygen atoms, 
four only of which liavo been shown to bo 
present ns hydroxyl groups ; hence it is con- 
cluded that tho remaining oxygen atom is 
present in the ethereal, aldehydic, or ketonic 
form, and its formula must then be modified to 
C e H n O s . Accordingly, the empirical formula 
for carminic acid becomes C„jH 20 O 13 , and an 
examination of recorded nnnfyscs showed that 
they agree ns well with this ns with the older 
formula. Hence carminic acid is : 


O 



HOjC 11 OH 


O 

Carminic acid is optically active and has [o]J 45 
4-51-0° in aqueous solution This phenomenon 
cannot be attributed to the structure of the 
nucleus, since kermcsic acid, and also the less 
closely related laccaic acid, are optically in- 
active ; it therefore appears that tho side-chain 
contains nt least one asymmetric carbon atom. 

According to Miyngawa (Mem. Coll. Eng. 
Kyushu Imp. Univ. 1920, 4, 99), carminic acid, 
when treated with ozone in aqueous solution, 
yields an optically active product from which, 
by oxidntion, an optically active acid, C 6 H).O e , 
is obtained. On reduction with sodium amalgam 
this acid yields a sugar, C e H IS Oj, which is not 
identical with nnv of the known mcthylpentoses. 
The side-chain in carminic acid has thus tho 
probable structure CH 3 -[CH-OH] 4 -CO — . 

Technical Preparations of Cochineal — .4m- 
moniacal Cochineal, or carmir, amide, is prepared 
by allowing a solution of carminic acid in 
ammonia to stand for some time ; the clear liquid 
is decanted and evaporated with, or without. 
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addition of gelatinous alumina. The product 
appears to consist of carminic acid in which one 
of the hydroxyls has been replaced by an 
amino-group. 

Ammomacal cochineal dyes ranch bluer 
shades than cochineal itself, and was sometimes 
used in conjunction with the latter; it also found 
some application in the blueing of bleached 
cotton. 

Dytuitj Properties of Cochineal. — Cochineal 
has been little employed in cotton dyeing, 
but was very largely used in silk and wool 
dyeing. It has now been practically replaced 
by the sxo scarlets. 

A crimson shade is produced on wool by 
mordanting with aluminium sulphate and 
cream of tartar and dyeing in a separate bath 
with cochineal, whilst a very fiery scarlet is 
obtained by the employment of stannous and 
sometimes stannic chlorides For scarlet, wool 
can be mordanted with stannous chloride and 
tartar, and dyed in a separate bath with 
cochineal. A single bath method, using stannous 
chloride, oxalic acid and cochineal, has, 
however, been veiy largely used for this purpose. 
On wool mordanted with chromium or iron, 
cochineal gives purple, slate or lilac colours, 
hot these mordants are not employed in practice. 

Cochineal red on wool possesses considerable 
fastness to light, but has the defect that weak 
alkalis and soap cause it to acquire a duller or 
more bluish shade. 

Silk is dj ed a good crimson shade by mordant 
Ing with alum and dyeing with an extract of 
cochineal. In scarlet dyeing, silk is preferably 
first dyed yellow, then mordanted with “ nitre- 
muriate of tin,” and finally dyed m a second 
bath with the assistance of cream of tartar. 
Silk can also be dyed in a single bath. For 
cochineal indicator c Vo! II, p. 639d. 
v A. G. P. and E. J. C. 

/ COCHINEAL FAT AND WAX. On 
extracting cochineal insects (Coccus cacti) 
with boiling beiuene (Liebermann, Ber. 1885, 
18, 1975; Liebermann and Bergami, i bid. 1887, 
20, 939) or chloroform (31 Becker, Biochem. Z. 
1931, 239, 233) a fatty material, which can be 
separated into an alcohol- and ether insoluble 
wax > cnrssjttA If.. 0-5-4.% of tbn dried. insects-V 
and the ether soluble rocAineal fat (c. 7-14% of 
the insects). The fat, as examined by Huerre 
(J. Tharm Chim. 1911, 4, 66) had an iodine 
value of 50 and an acid value of 89 ; it contained 
only 3% of unsapomfiable matter and yielded 
6% of glycerol. The fatty anda appeared to 
consist of a mixture of mynstie, oleic and linohc 
acids. 

Coccerin (m p. 99-103°C.) (cocceryl coeetrate) 
was shown by Liebermann \l c.) to be an ester 
of f occ rryl alcohol with coeeenc (eoccennicl 
acid. Cocceryl alcohol, originally believed to 
be a C af (Liebermann) or C. t (Becker) dihydne 
alcohol, has been identified by Chibnall and co- 
workers (Biochem J. 1931, 28, 313) as 15-keto-n- 
tetratmconUnol, 

CH, [CH,]„CO [CHjJjjCHjOH. 
Corresponding!}, cocccrlc acid, which was 
formerly thought to be a C,, or C„ hydroxy. 


acid, has been proved to be a mixture of 1J. 
keto n-dotriacontanoic acid, 

CH, [CH,] 18 -CO ICH,] u -COOH, 
and n-triacontanoic acid, CH.-rCH-WCOOH 
(Chibnall, U., cf. ibid. 2189, 2209). 

E.L 

COCINIC ACID. A term now obsolete ap- 
plied by Saint-Evre (Ann. chim. 1847,20,99) to 
an acid, m p. 34 7 C C., supposed to be undecybc 
acid, separated from coconut oil Like ** «mlxl- 
luhc acid," which was isolated from the seed tit 
of the Californian bay tree ( UmbeUulana caltfor - 
nica Nutt , Fam. Laurace#) by StiUmann mil 
O'Neill (Amer. Chem. J. 1883, 4, 206) and also 
believed to be an undecyhc acid, " cocintc acid " 
appears to have been, in fact, an impure pre- 
paration of launc acid (dodecylic acid). Unde 
cyhc and (“ conmc and ”) u also absent from 
chaulmoogra oil, in which its presence vis 
reported by Moss (Pharm. J. 1879, 39, 251) 

E. L 

COCLAURINE is an important alkaloid, 

i it is the mother-subetance of the whole 
group of the “ biscoclaunne-alkaloids ” (<■/. 
Hondo and Tomita, Arch. Pharm. 1936, 274, 
65). 

It was isolated from Coccvlus launfo hus by 
H Hondo and T. Hondo (J. Pharm Soc. Japan, 
1925, No. 524,878). It crystallises in colourless 
plates, m.p. 221°, [a]” —17 01°, easily soluble in 
hot EtOH and acetone, sparingly so in cold 
EtOH, acetone, Et,0, CHC1,, insoluble in 
beniene and light petroleum. 

B-HCI, needles, m p 264®; melhiodidepnsmi. 
— p 155® (tn acetyl and tn*ben*ojl com- 
pounds). By oxidation of the methine base, 
Hondo obtained oxalic, anisic, and a derivative 
of phthahe add (Chem. Zentr. 1927, I, 2203) 
By ethylation of the phenolic OH groups, 
H. Hondo and T. Hondo obtained degradation 
products which demonstrated conclusively the 
following structure (J. pr. Chem. 1930, [»] 128, 
24): 

CH CHj 
HO(* N Nhl 


Mepl 




yCH. 


For absorption spectrum of coclaurtne, M 
Hondo, Chem. Zentr. 1929, II, 752. 1012. 

Sell 

COCOA. The cacao tree is an evergreen 
abrub indigenous to Mexico and the tropical 
regions of Central America, whence it was intro- 
duced into Europe by Cortes m 1523. It belongs 
to the family Stercuhaceas and comprises 
several species, that most highly valued sn<j 
cultivated being the Theotroma Cocao, so 
by Linn ecus, from Beit (god) and (food) 

in allusion to the esteem m which the beverage 
prepared from its seed was held by the natives 
of Central America, and to the Blexican name 
of the tree — Cacouatl or Quacahavlt. 

Production. — The world production of coco* 
has steadily increased, rising from 577.COO 
in 1031-1932 to 679,160 tons in 
Of the latter total, the Cold Co«t produced 
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258,400 tons nml Brazil 98,700 tons. Other 
producing countries arc Caracas, Central 
America, Ecuador, E'siquibo, Grenada, Guaya- 
quil. Peru, Trinidad, Venezuela and the 
West Indies, Ceylon, East Indies, Philippines, 
Mauritius, Madagascar, San Thom6, Camcroons 
and the northern parts of Australia. The 
exportation of cocoa is of increasing importance 
in the trade of certain portions of the British 
Empire. Oxer 00% of the world trade is of 
imperial origin, whilst about 93% of the raw 
cm on used in the United Kingdom comes 
from the Empire. The quantity of raw cocoa 
retained for home consumption in this country 
lias increased from nearly 50,000 tons in 1926- 
1927 to over 70,000 tons in 1935-1936. The 
largest importing country in 1934 was the 
United States of America with 197,000 tons, 
Germany being second with nearly 100,000 
tons. 

Cultivation. — Tho cacao tree thrives only 
in tropical temperatures, in districts which are 
moist nml sheltered from winds. Thus, those 
places where it is cultivated with success lie in 
latitudes between 25° north and south of the 
equator and at elevations seldom exceeding 
1,000 feet. Tho soil affording best results is 
well drained, alluvial sandy loam. McDonald 
(Imp. Coll. Trin. 3rd Ann. Itep. 1933, p. 36) 
gives data relating to suitable nnd unsuitable 
soils in which tho organic matter in good speci- 
mens varies between 2-8 nnd 4-0% whilst the 
available P : 0 5 is between 03 nnd 149 parts per 
million. Manuring is not often necessary 
although stable manure can be applied with 
advantage, nnd to sandy soils the addition of 
sii]>orphosphnto in tho proportion of 1-3 lb. 
per tree promotes fertility. Potassium ferti- 
lisers tend to increase the weight rather thnn the 
number of tho licans. Tho tree usually grows to 
a height of about 25 ft., although occasionally 
it reaches 40 ft., but under cultivation it rarely 
exceeds 18 ft. It begins to bear fruit when 3 or 
4 jeara old, attains full productivity in a further 
4 or 5 years, nnd tuny be expected to bear for 
40 or 60 years. Fruit is produced all the year 
round, but harvesting usually takes place only 
twice a year — from February to April nnd again 
in Oclolier and November. This requires great 
skill nnd judgment, as there is danger of the 
fruit being cut off too early or the (low era of 
the later crops being damaged. The fruit, 
which is suspended on a short thick stalk, con- 
sists of an elongated pod, varying in shape 
Udween a melon nnd a cucumber, measuring 
from 5 to 12 in. in length nnd 2—1 in. in dia- 
meter. Inside the pods are licans, vnrying in 
numlier from 20 to 40, nnd embedded in a rose- 
coloured mucilaginous pulp. The trees have 
been divided into three main classes, depending 
upon the fruit and other botanical differences : 
CrioUo, }'ora<tcro, and Calatxxnllo. The fir-t 
class, in which may lie included those of Java 
arid OUon, produces the finest type of beans, 
but the trets are more difficult to cultivate nnd 
are le«« regular in their \ield of fruit. The wall 
of the pod is soft nnd thinner than the other 
varieties whilst the !>cnn is le«s bitter. Fo r a*!cro 
inrlutlis some of the Ix-st products of Central 
America. Cnhb^allo is the most easily culti- 


vated. Tho pods arc (smaller whilst the beana 
are fiat and have a more astringent taste than 
the other classes. When fresh the beans of all 
classes are usually white, although occasionally 
ranging through red to purple, but after drying 
and exposure to air and light they acquire 
a yellow, red, or brown colour nnd become hard, 
brittle, and less bitter. 

Fermentation. — After removal from the 
pods the beans hnvo to be freed from the ad- 
hering pulp. This is occasionally done by 
artificial or sun drying and subsequent rubbing 
nnd sorting. This method, however, produces 
a bitter product, quite unfit for tho manu- 
facture of chocolate or high-class cocoa. 
Tho usual procedure includes fermentation, 
which, whilst facilitating tho removal of the 
pulp, improves the flavour and aroma of 
tho final product. To promote fermentation tho 
beans w ere formerly buried in the ground or in 
trenches covered with plantain leaves. Owing, 
however, to the adherence of earthy matter to 
tho licans nnd tho difficulty of control nnd 
handling, this process is not now generally em- 
ployed. The beans are now placed in casks or 
boxes or heaped on the floors of alicds. Tho 
fermentation process usually lasts from 2 to 7 
dnyR, tho temperature in that period rising to 
about 48°C. Caro has to bo taken to maintain 
an even temperature throughout the mass and 
this is achieved by shovelling the heaps periodi- 
cally or transferring from ono container to 
another. The process of fermentation is first 
alcoholic, owing to the action of n yeast fungus 
Saccharomyccs Thcoljroma Preyer, nnd Inter 
acetic, set up by Mycodcrma accli. F. L. 
Stevens (Bull. Dept. Agric. Trinidncl nnd Tobngo, 
1925, 21, Part I, 27-35) expresses the opinion, 
based upon extensive investigation, thnt 
successful curing depends upon (I) non-develop- 
ment of acidity through nvoidanco of unduo 
exposure to bacteria nnd yeasts ; (2) complete 
killing of the embryo by heat ; nnd (3) main- 
taining tho oxidising enzymes in an uninjured 
condition. A product of superior colour nnd 
aroma is obtained by keeping the beans at. a 
temperature of 40°-60° for several days out of 
contact with bacteria nnd yeasts. During 
fermentation a largo proportion of the pulp is 
gradually transformed into a liquid (“sweat- 
ings ”), which is allowed to drain away. When 
the beans are satisfactorily cleared of the pulp 
nnd have assumed the requisito nromn and 
colour they are removed to sieves or troughs 
and thoroughly washed with water if such a 
cleaning process bo considered necessary. In 
order to improve the quality of tho beans 
Defren (U.S.P. 1750795) suggests that they 
should be soaked in successive changes of water 
for a sufficient time to remove nt least tho 
greater proportion of tho soluble bitter in- 
gredients. As nn alternative to tho fermenta- 
tion process, a method hns been devised whereby 
tho beans are treated with a 1% solution of 
sodium carbonate for 10 minutes at 45°. It is 
stated that cocoa prepared in this way is per- 
fectly stable nnd sterilised, and contains no 
preformed sugar. Theobromine is not present 
in the free state blit is formed, together with 
sugar nnd tannin, by hydrolysis. After cleaning 
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by fermentation or other means the beans are 
dried to a moisture content of 5-S% by heating 
artificially or by subjection to the rays of the 
ann. Care should be taken to control the 
temperature, as above 50*C. the flavour is likely 
to be adversely affected. If more than 8% of 
moisture is allowed to remain, the beans may 
become mouldy. In order to hasten the drying 
finely powdered dried earth is sometimes spread 
over and intimately mixed with the beans The 
mass is then raked, band rubbed, or “danced 
with the bare feet, the friction thus set up also 
polishing the beans, thus improving their 
appearance, and removing mildew, thereby 
eliminating the possibility of the growth of 
mould daring subsequent storage. 

Makcfactcre. — The preliminary processes of 
manufacture are : 


(а) Sifting out of sand dust and 6tnall atones. 

(б) Picling out by hand of the empty beans 

and foreign matter, such as larger 
atones, grass, and w ood. 

<c) Roasting. 

(J) lluil mg by breaking up the beans and 
separating the husks. 

Berhardt (Chera -Ztg 18S9, 13, 32) has found, 
from the results of actual factory working, that 
the losses in these operations amount to 2-3% 
in sifting, nearly 1% in picking, about 5% in 
roasting, and 12 or 13% m busking, making a 
total loss of over 20% Machinery is now in 
use which combines the first and second opera- 
tions with the sorting of the beans into various 
sues. The objects of roasting are to develop 
to the full extent the characteristic aroma and 
flavour of the cocoa, to render the starch 
granules more soluble, to modify the tannin 
and other astringent ingredients, to render the 
husk brittle and easily remoi able, and to dnve 
moisture from the mb, thus rendering it fit for 
the subsequent operations The process, which 
requires considerable care and experience, 
conducted in rotan cj finders heated to 
temperature saving from 160 to 315 C C. by coke 
fire, gas flames, or hot air or superheated steam 
in pipes lining the e\ finders. Uniformity of 
roasting is facilitated by grading the beans 
that they are approximately of the same size 
an operation. Defren (Food Ind 1930, 2, 248), 
however, objects to this usuar method of roast- 
ing alleging loss of flavour, charring, and 
difficulty of control. He suggests that the 
aromatic flavours arc loiter retained by the 
u»e of a stream of heated air to reduce the mois 
ture content to about 3%. The dampers should 
then be closed and roasting at about 100® con 
tinued After roasting, the beans are cooled 
and then gently crushed in a “ kibbling ” mill 
to fracture the cnap husk and break down the 
kernel into its natural angular fragments or 
“ nils,” after which the mbs, husks, and hard 
roil shaped germs are separated by winnowing 
and sienng. Care must be taken that the pro 
cess of cooling is not earned too far or the nibs 
will become bnttle and break up into small 

f articles which may be lost in the husk The 
u»ka constitute, on an ai erage, about 12 or 13% 
of the weight of the bean, vary ing from 7 or 8% 
m the thin-walled beans of Ceylon and Java to 


18% in those of Trinidad and the West Indie*, 
which have a much thicker shell. The nibs 
represent about 80% and the germ 1%. The 
remaining 6 or 7% is accounted for by loss. 
The husks form a low priced product sometime* 
used, after grinding, in cheaper grades of cocos 
and chocolate and occasionally, under the name 
of “ cocoa tea ” being infused as a beverap* 
w hich has the flavour of weak cocoa. They in 
also used as fertilisers, and as an ingredient in 
cattle feeding materials. They have also been 
suggested for use as cattle bedding, but Math 
and Herrmann (Landw. Versuchs Stat. 1933, 
117, 265) express the opinion that they are not 
suitable owing to their low water absorption 
capacity compared with that of straw, whilst, 
if the proportion of theobromine is over about 
1%, their consumption by the animals would 
be dangerous 

The mbs constitute the important part of the 
bean and form the basis of all cocoa and 
chocolate preparations, their ultimate uee 
governing the method of treatment to which 
they are subjected. This, however, does not 
apply to the first stage, in which the mbs 
are pulverised in a hot mill They are fed 
through a hopper on to revolving stones encased 
in a jacket heated to about 45°C. Here the 
mbs are speedily reduced to a molten mxa 
owing to the high content of low-melting fat 
(about 30 6 C.). When the mass is considered 
to be completely melted and homogeneous it ts 
allowed to run into moulds where it cools and 
solidifies It is then in a convenient form for 
storage, transport, or further treatment, and it 
is in this state that much cocoa forms an article 
of commerce under the title “ block cocoa.” 

The form in which cocoa to be consumed 
beverage is prepared for sale is known corn 
mercwlly as “ cocoa powder." The high 
proportion of fat in block cocoa would render it 
indigestible and prevent complete mixture with 
water About 60 or 70% of the fat is therefore 
rerooied by subjecting tho block cocoa to » 
pressure of about 1,200 or 1,400 lb pet *q 
at a temperature of 70°-80'C. The coco* 
butter flows out through a special cnficc and is 
afterwards solidified in moulds ready for u** 
surgical and pharmaceutical preparation! 
and in the manufacture of chocolate confec- 
tionery Although in this process tfie ia< v 
“ cocoa butter ” was at first regarded ss a wMte 
product, its commercial value is now so high »» 
to form an inducement for its abstraction from 


the cocoa independently of tho demand for the 
defatted cocoa. The cocoa mass, which after 


this treatment contains about 25% of fjb 
then cooled, crushed in a mill, and sifted, »*> 
resultant powder being cocoa from which * e 
bc\ erage is prepared. A feature of the cocoa 
trade for many j cars has been the preparation 
and salo of so-called soluble cocoas. These W. 
be preparer! either by treatment of the cocos 
powder with steam or ammonia or ammoniu 
carbonate, or by admixture with alkali such 
sodium or potassium carbonate. In the 
ea«e the cocoa tissue is aoftened and the 
rendered less liable to separate out. in 
second case, when the mixture is trested w 
boiling water for the preparation of the bevers ■ 
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nn emulsion is formed which retains the powder 
in suspension. These admixtures arc not 
regarded as adulteration, hut if other sub- 
stances are added the fact should be disclosed. 
Tlius it is a common practice to offer for sale 
reparations in which starch or sugar or both 
avc been added to the cocoa powder. The 
designation of these by some such term as 
“chocolate powder” is generally considered to 
l>c adequate indication of the presence of sub- 
stances other than cocoa. The nddition of 
starch or sugar, if properly disclosed, is not to 


be condemned. Indeed, it may well be claimed 
that the presence of the starch is of dietetic 
advantage, increasing the carbohydrate content 
and rendering the mixture more easily assimi- 
lated by those who find the pure cocoa product, 
with its high fat content, indigestible. (For 
preparations of cocoa, tec Chocolate.) 

Composition of Roasted Nib. — This has 
been the subject of considerable investigation, 
and Whympcr (“ Cocoa and Chocolate — Their 
Chemistry and Manufacture,” London, 1912) 
gives the following ns typical results : 
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. 


11-00 

— 

9-67 


' J. licll, " T lie Chemistry of rood,," 1887, p: 70. 4 N. r. Booth, Analyst, 1000, 34, 141. 

: Zlppcrcr, “ Untomirh. fiber Kncnocts,” pp. 60, 57 * R. Allan, Internal. Cong. App Chcm. V1I1C, 203. 
5 JIol«ch, Analyst, 1875, J, 142. * F. liorda*, Intcrnnt. Cong App. Chcm. Y11IC, 168. 


Cocoa Jl utter. — The most important in- 
gredient of the cocoa bean is the fat which, ns 
already indicated, is, in itself, a vnlunblo com- 
mercial commodity sold under the names 
“ Cocoa lluttcr ” or “ Cacao Butter.” Its 
principal uses are for medical purposes and for 
nddition to block cocoa in the manufacture of 
chocolate confect ioncry. Under the titlo “ Oleum 
Theobromatis ” the “ British Pharnmcopcvin ” 
describes cocoa butter ns “ the solid fnt ex- 
pressed from the roasted seeds of Thcobroma 
Cacao. A yellowish-white solid fnt ; odour 
slight, ngrecnblo nnd resembling that of cocoa ; 
tasto bland nnd characteristic. Somewhat 
brittlo hut softens at 25°C.” Cocoa butter is 
readily soluble in ether, chloroform, turpentine. 


nnd boiling alcohol from which it crystallises 
out almost completely on cooling. Lewkowjtsch 
(J.S.C.I. 1933, 52, 23G) gives the following as 
its approximate composition : a-palmitooleo- 
stenrin 55%, olcodistearin 25%, /J-palmitodiolcin 
about 20%. Liming and Drudo (Z. Unters. 
Lebensm, 193), 61, 491) tested several samples 
by Graf's method of fractional precipitation of 
the magnesium salts (Arch. Pharm. 1888, 228, 
843) with the mollification that the magnesium 
salts were dried at 95° till of constant weight. 
They nho determined the melting-points of the 
fatty acids nnd concluded that no acids higher 
than stearic were present. 

The following are some of the values of cocoa 
butter ns published by various investigators : 



i. 


3. 

4. 

Sjtecifir gravity . . 

0-990-0 90S 
(l.TC.) 

0-904-0 974 
(15 C C.) 

0-8823-0-8829 

(CO'C.) 

0-8572-0-85S1 

0-883 1(00X.) 

0-8502(99-9'C.) 

Saponification value . 

192-19S 

192-195 

(90"C.) 


Iodine value . 

34—10 

32-42 

34-9-40-1 



Refraction [njj* . . 

1-4505-1 -4570 

— 

1-45GS-1-4570 

_ J 

Melting-point °C. . . 

l?C<iwcKHi VfacOMtV 

32-31 

30-34 

30-2-31-2 

32-0 

at 00‘C. 

— 

— 

99-1-101-3 

102 


t it I ^ nn * *' KdIM* Oil, am] Fat, " 3 Tate and I’oolcy, Analyst, 1P21, 46. 22!) 

"tiynp<-r, •• Cocoa and Chocolate." 4 Knapp, Mo*«, and Mellcy, Analyst, 1927, 52, 
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The differences, if any, between fat obtained 
from cocoa by the ordinary commercial method 
of expressing and that obtained by the method 
of extraction with a solvent as often followed in 
the laboratory may be of importance, par- 
ticularly when considering the possibility of 
the presence of some foreign fat Visser (Chem. 
Weekblad, 1932, 29, 40) considers that the 
term “ cacao butter ” without further designa- 
tion should be applied only to the fat obtained 
by expression. Fincke (Bull. Off. Intern. Fabr. 
Choc. Cacao, 1932, 2, 327) states that when fat 
is extracted from chocolate for examination, 
ether and not light petroleum should be the 
solvent, as the latter will not dissolve out the 
wax which is likely to be present in the adul- 
terant fat. Castigliom (Ann. Falsif. 1933, 28, 
21) gives two method? of differentiation between 
extracted and expressed cocoa fat. In the first 
the melted fat is shaken with glacial acetic acid 
and allowed to stand The fat on rising to the 
top is then examined by ultra-violet light and 
if extracted shows a bright yellowish-green 
fluorescence. In the second the fat is heated 
with alcohol, hydrochloric acid and antipynne, 
when a pink colour indicates that the fat has 
been extracted. Neither reaction is given by 
fats commonly used as adulterants. Kaufmann 
(Cbcm. Umschau Fctte, Oele, Wacbse, Harze, 
1931, 38, 2G5) found that whilst the refracto- 
meter readings showed no marked difference 


the Haber- L5wc interferometer gave differences 
as high as 80 on an arbitrary scale. 

Although, in the preparation of cocoa as , 
beverage, the removal of a considerable portwa 
of the fat is desirable, the high commercial Talne 
of cocoa butter, compared with that of the raw 
bean or the various preparations of cocoa, Lia 
promoted the removal of the fat from the mb 
to an excessive degree and its replacement in 
chocolate confectionery by other fats of vert, 
table origin. In addition to the economic 
reason for the extraction of the fat it is some- 
times claimed that, for certain purposes, the 
admixture of a foreign fat is advantageous, 
facilitating manufacture and providing a more 
stable product. The two fats most commonly 
used for this purpose are coconut or palm kernel 
stearin and the so called “ llbpe butter," a came 
given in the chocolate trade to Borneo tallow. 
Recently hardened coconut, palm kernel, peanut, 
and cottonseed oils have been used. The hard- 
ened oils have the advantages of more uniform 
composition, better control of the melting point 
and elimination of “sugar bloom." Williams 
(Chem. Trade J 1935, 95, 4) states that peanut 
and cottonseed oils hardened to 35” hare a greater 
degree of contraction on cooling to lO”-!? 5 
than either palm kernel or coconut, probably 
because of the higher proportion of unsaturated 
glycendes in the former. Coconut oil when used ts 
readily detected by the various constants. Thus i 



COCOA. 


235 


51-6 C C., and'tbey arc of opinion that a sample of 
reputed cocoa butter is adulterated if it gives a 
" titro ” over SO'C. A method proposed by 
Bi-waters, Mnggs and Pool (ibid. 1927, 52, 
324) takes advantage of the extreme super- 
cooling to which cocoa butter can bo subjected. 
It is based upon the “ turbidity temperature ” 
of the melted fat. The method appears to 
afford a valuable approximation to the per- 
centage of iiiipd butter present. Pichard 
(Compt. rend. 1923, 176, 1224) also uses the 
minimum temperature of supercooling ns a 
means of detection of adulteration. By plotting 
the temperature of a fused fat as a function of 
time, cocoa butter from different sources gave 
the same curve, differing from those for all 
possible adulterants. The method suggested 
by Koehler (ibid. 192-1, 178, 910) is based 
upon a comparison, preferably at 15-20°, 
of the number of drops of ethyl acetoacetatc 
which must be added to a 20% solution in 
chloroform of the sample to obtain constant 
turbidity unchanged by the addition of another 
drop. Tho “ turbidity number ” varies con- 
siderably with temperature, and tho sample and 
pure cocoa butter should be treated simul- 
taneously under identical conditions. HanuS 
and Komorousova (Cliem. I.isty, 1925, 19, 
391) dcfino the “ethyl ester number” as 
the number of c.e. of A’/IO potash necessary to 
saponify the ethyl ester in tho distillate obtained 
from 5 g. of fat after conversion of the glycerides 
into ethyl esters. The “ numbers ” for coconut 
oil nnd cocoa butter nrc given as 23 and 3 
respectively, referred to 1 g, of fat. Ashmore 
(Analyst, 1934, 59, 515) has brought forward 
an ingenious apparatus for observing the tem- 
K- rat urc at which molten cocoa butter crystnl- 
iscs. A beam of light led by internal reflection 
along a glass rod is projected through a small 
tube of the molten fat suitably housed in a 
darkened chamber. The appearance of the tube 
is noted during cooling. As soon ns crystals 
of solid glyceride separate the tube is at once 
illumined by the Tyndal effect produced. The 
temperature at which this occurs can be noted 
with considerable precision and may bo used for 
detecting the presence of certain adulterants. 
Thus genuine cocoa butter has a crystallising 
temperature of 20 C C., whilst n temperature of 
3 1 -2' 1 was recorded for Borneo tallow. 

The variation in the melting-point of cocoa 
butter nnd adulterant fats duo to varying time 
and conditions of crystallisation has been 
recognised by many workers. Fincke (Z. angew. 
Cliem. 1025, 38, 672) recommends that the fat 
should be cooled slowly nnd with stirring. He 
found tliat for cocoa butter tho temperature 
after 0-66, 2-5, nnd 14 days respectively was 
•l-'-C, 32-3°, nnd 32-0°. Snbalitschka (ibid. 
1925. 3S, 1013) considers that, in order to 
obtain complete solidification, it is necessary 
to leave the melting-point tube on ice for several 
weeks before making the determination. In 
order to overcome the difficulty Tate nnd Pooley 
(kc.) determined the melting-point by placing 
a shaving of fat upon mercury contained in a 
porcelain crucible in which the thermometer 
was suspended - with the bulb fully immersed. 
Tlic crucible was placed on a wire game over a 


very small flame and the temperature taken 
when the first signs of transparency' were 
observed in the shaving. 

Theobromine (r. Caffeine and the alka- 
loids of tea, coffee and cocoa) is the principal 
alkaloid in cocoa and is closely related to caffeine 
which is also present to a small extent in cocoa. 
The proportion in which theobromine has been 
found to bo present has varied considerably, 
probably in consequence not only of variations 
in the different type of bean but also, in some 
measure, of the different methods of estimation 
employed. Tho caffeine is usually- included 
with tho theobromine, from which, however, it 
can readily be separated by means of cold 
benzeno in which caffeine is soluble but theo- 
bromine practically insoluble. According to 
Kreutz (Z. Nahr. Genussm. 1909, 17, 526) tho 
proportions found have often represented only 
the free theobromine. Ho maintains that 
part of the alkaloid is combined nnd is not 
extracted until the cocoa has been subjected to 
hydrolysis. He found proportions varying from 
2-8 to 5-1%. Wadsworth (Analyst, 1921, 46, 
32) suggests a method of determination in 
which 10 g. of the fat- free material are tri- 
turated in a small porcelain dish with magnesium 
oxide nnd water, the mass is then refluxed with 
tetrachlorethane nnd, after filtering, the residuo 
is again refluxed with the same solvent nnd tho 
united washings distilled to small bulk. Pre- 
cipitation is then effected with ether nnd tho 
precipitate dried nnd weighed. Wadsworth 
further states (Analyst 1922, 47, 152) that tho 
theobromine content varies with tho type of 
bean from 2-2 to 3-8% on the dry fnt-freo 
residue. Goryninowa (IChem. Farm. Prom. 
1932, 6, 227) suggests a method embodying some 
slight modifications of that proposed by Wads- 
worth. During tlio process of fermentation tho 
theobromine content of tho nib decreases, whilst 
that of tho shell increases. According to 
Churchman (J.S.C.I. 1926, 45, 149) tho per- 
centage in cocoa shell varies from 0-2 to 3%. 

Albuminoids. — Tbeso hare been but little 
studied, but Stutzcr (Z. angew. Chem. 1891, 4, 
368) has classified tho nitrogenous ingredients of 
cocoa as follows : 

(1) Non-protcids, substances soluble in neutral 

water solution in presence of copper 
hydroxido (theobromine, ammonia, 
nnd amino compounds). 

(2) Digestible albumen, insoluble in neutral 

water solution in prcsenco of copper 
hydroxide, but soluble when treated 
successively with gastric juico and 
nlknlinc pancreas extract. 

(3) Insoluble and indigestible nitrogenous 

compounds. 

According to Stutzer’s annlyses, the proportion 
of albuminoids in cocoa powder manufactured 
without chemicals is between 17 and 18%, of 
which 10% is soluble or digestible albumen, tho 
remainder (over 40% of the whole) consisting 
of insoluble nnd indigestible substances. Forster 
(Hvg. Kundsehnu, 1900, 314), however, main- 
tains that the proportion of digestible albumi- 
noids reaches as high as S0%, his experiments 
being made on thehuman subject, whiPt Stutzer’s 
were conducted under laboratory conditions. 
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Starch, as in oleaginous seeds generally, is Mtseral Mattes. — Tie ash in cocoa cila 
not Tery abundant. Owing, however, to the vanes from 2-4 to 4 5%, the average accorxLcg 
occasional necessity to identify and estimate to Zipperer being 3 6% in raw and 3 9% in tie 
foreign starch in cocoa preparations its character roasted kernels. Approximately half the ash 
and proportion in the bean are important. The (which is rich in potash and phosphates) u 
starch grains are nearly spherical with a very sol able in water. The ash is naturally lover this 
indistinct nucleus. They have a tendency to the average when starch or sugar has beea 
unite m small groups of 3 or 4 and rapidly lose added, and higher when fat has been abstracted 
the colour imparted by iodine. The average or when the cocoa has been adulterated with 
size is about 0-003 mm The proportion in husks or coloured with pigments. A Lrii 
which it occurs in the mb has been variously alkalinity in the ash of cocoa powders indicates 
estimated as from 2 to 20%, but many of the treatment with alkali as described m the pre- 
results are too high, owing, no doubt, to the paration of “ soluble ” cocoa (tee von FeUenberg, 
conversion of celluloee into sugar when the acid Jbtt. Lebensm. Hyg 1932, 23, 29). 
method for the starch conversion is employed Cocoa Shell. — The chemical detection and 
The diastase method is preferable in the presence approximate determination of ahell used in 
of cellulose. The average amount of starch is cocoa products is of use only in cases of grosi 
from 4 to 5%, or about 8% calculated on the adulteration. Microscopic methods are generally 
fat-free bean. admitted to be more suitable. In this ten- 

Tannin and Colouring Matter. — It has neetion von FeUenberg (liitf. 1921, 12. 301) 
long been known that the raw bean, which is found that a sample of cocoa powder contained 
nearly white, contains an astringent principle stone cells 3-6 times the diameter of the cells 
resembling tannin which is rapidly oxidised to characteristic of cocoa shell and resembling 
form “cocoa red,” thus imparting to cocoa its those of walnuts. These show mostly a thick 
characteristic colour. Bell states that this wall in the interior of which are elongated 
astringent substance is different from the tannin pores. Sometimes no thick waU is noticeable, 
of tea and coffee, and that its rapid change to in which case the pores reach the periphery, 
cocoa red, even during the process of analysis. They are noticed in many cocoas rich w (belt 
renders its quantitative estimation difficult. They are characteristic of the cocoa fruit shell 
Adam (Analyst, 1928, 53. 369) found that the and samples showing them contain shell of th* 
unfermented cocoa bean contains (a) a sub- fruit as well as that of the seed Their presence 
stance belonging to the catechin senes, (6) a may therefore be token as a certain indication of 
catechu tannin, and (c) a compound of cocoa adulteration with added 6bell. Koperberg 
tannin and caffeine. The colouring matter (Cbem. Weekblad, 1926, 23, 646) suggests thst 
which is subsequently developed consists of the stone cells m the defatted material should be 
cocoa red and cocoa brown, which are complex counted and compared with standards containing 
alteration products of the catechin and tannin a known percentage of 6helL He expresses the 
originally present The cocoa catechin under- opinion, however, that the result can be regarded 
goes alteration during the process of fermentation only as an approximation, as commercial samples 
and is absent from the completely fermented are not sufficiently uniform. Gnebel and 
'ibean. Fvncke (Z Untere Lebensm 1928, 55, Sonntag (Z. Unters. Lebensm. 1926, 51, 165) 
(659) states that both the cocoa red and the agTee with this but suggest thst it msy be 
cocoa brown are tannin substances, the former possible to set limiting figures for each cocos 
occurring in variable amount in the fresh seeds, product based upon this method. Alpers {ibd. 
whilst the latter is gradually produced during 1927, 54, 462) further draws attention to the 
fermentation, roasting and grinding. Stemmann fact that stone cells in cocoa products are 
(Z. Untcra. Lebensm. 1933, 65, 454), on the other deformed and broken up by grinding and regard 
hand, states that the formation of cocoa red in should be had to this fact when comparing 
the bean depends mainly upon the type of samples with standards. PlOcker and Stcmrnck 
cocoa.; white uefetmeuted bean* contain no (ibid. 1931, 52, 364) suggest a methyl fir 
cocoa red which is found only in beans with cleaning the tissue, colouring with aaframne and 
violet cotyledons. Unfermented beans dried counting the cells. Winkler (J. Assoc. Off. 
in the dark contain no cocoa red, but those sub- Agnc. Chem. 1935, 18, 427) states that crude 
jected to the action of light contain free cocoa cellulose is the most promising characteristic for 
red which, however, disappears on fermentation, indicating the proportion of shell m cocoa pro- 
The increase in colour intensity on long fer- ducts, the spread in percentage of this con- 
mentation l* ascribed to the liberation of com- stituent in mb and shell being much greater than 
Lined cocoa red, induced by the acids, chiefly that of crude fibre. The ash of shells differ* 
acetic, formed during fermentation This cocoa from that of mb, being 2-3 times as great, and 
red goes over alowly into cocoa brown. The being richer in alkaline carbonates and sdica- 
development of the dark brown red colour in Cocoa Feeding Meal. — The use of the pto- 
the shell of the bean on drying is probably ducts of the cocoa bean in the preparation ct 
a photochemical reaction. Stein mann further feeding stuffs for animals renders imporUnttbe 
states that whilst cocoa red is easily soluble findings of investigators who have cxprwwd 
in alcohol, cocoa brown will dissolve only opinions adverse to such use- BotW» (»»#■ 
with difficulty, but does so readily in an ScL Pharmacol. 1D20, 27, 355) gives, a* » rca*oo 
aqueous alkaline solution giving a deep for the unsuitability of cocoa ahell a* » tor** 
brown colour. On hydrolysis cocoa red de- food, the high percentage of theobromine, cl 
composes into glucose, tannin and a resinous which ho found 1-09%. He is of the opinion 
aubstonc*. that untreated cocoa shell is unfit for am 
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food. Mnrclmher and Goujon (Lo Mans, 
J. Pharm. Chim. 1910, 20, 209) state that 
cocoa shell deprived of its extractive matter 
is devoid of nutritive value, and its sale as 
food for animals should be prohibited. They 
agree with Rothfa, however, m suggesting that 
thealkaloidal bases of cocoa shell arc dangerously 
toxic, and that the shell should bo used 
only m small daily do'es. With regard 
to cows, Hunger and Lamprecht (Milch. Zcntr. 
1020, 55, 49) find a decided increase in total 
protein of the milk when cocoa meal is fed, 
the casein increasing more than the albumin. 
Lactose, on the other hand, decreases somewhat. 
A pirn and Ellenbcrgcr (Vermont Agnc. Exp. Sta. 
Bull. 1027, 272) found that cocoa meal in the 
rations of milking cows increased the proportion 
of fat but reduced the milk yield so that the gain 
in fat production was small. They further state 
that the theobromine was responsible for theso 
changes, the caffeine content producing no 
noticeable effect. Aplin (ibid. 1027, 271) 

al«o stntes tlint cocoa meal is not a suitable 
ingredient of hog or pig ration, causing litters of 
undersized pigs w hen fed to pregnant sows and 
exerting a toxic effect on joung pigs. Robinson 
(Ohio Agnc. Exp Sta. Special Circular, 1032, 
20) stntes that cocoa bean is not of great 
value in fattening hogs, nnd attributes the poor 
results to the preseneo of theobromine nnd 
caffeine. 

T G. H. T 

COCONUT. COCOANUT. The fruit of 
the cocoanut palm. Cocos nuctfcra L. The 
fibrous outer husk of the cocoanut jields the 
coir fibre largely used in the manufacture of 
matting and cordage. The dried fleshy endo 
sperm of the nut is the copra of commerce, or 
w hen specially cleaned, dried, a nd shredded forms 
the "desiccated cocoanut” or “cokcrnut” 
used in confectionery. The press cake from oil 
extraction, known ns “ coconnut cake,” is a 
much valued cattle food. 

Of the whole nut 30-50% consists of husk ; 
the remainder, the cocoanut usually met with, 
comprises shell 27-2S%, fleshy kernel 55-5G%, 
“ milk " 17-18%. 

The follow ing are nv erngc anal v scs of cocoanut 
products : 



J 

< 

Kernel 

DcMcritci 

coconnut 

s 

e 

c o 

-°V C 

O to 

c- 

C. 

c 

O 

Water . 

91-5 

46 3 

3-3 

10 7 

5 S 

Protein . 

04 

1 1 

6 3 

19 1 

8 9 

Fat . 

1 5 

37-3 

57-1 

1M 

67 0 

Carl'ohv drate 

4 6 

7 0 ' 

Ul 5 < 

f41-0 

12 4 

fibre 

00 

3 1 

1 14 1 

4-1 

A*h . . . 

OS 

1-0' 

1-3 

40 

1-8 


1 1 rom ripe nut?. 




The protein of cocoanut flesh consists almost 
cntirtlv of a globulin, conglutin (Ritlhauscn) or 
phv tov itillin (Chittenden and Setchdl) con- 
tuning 17 8-18 4% N nnd 1 8% ash. A small 
MiiO'int of a proteose is nl-o present. Johns, 
I- inks and Ger-dorff (J. Biol C’hcm 1919, 37, 
I t 1 ', abo Jones and Johns, ibid 1920, 44, 283, 
2'd) record the nitrogen distribution of the 
globulin as : 


% of total N. 


Amide- N ..... 7-99 

Humin-N 1-5 

C> stinc- N 0 96 

Arginine- N 29 5 t 

Histidine- N . . . . 3 68 ,[ 

Lymnc-N 6 41 » 

Amino- N of filtrate . . 45 44 

Non-amino- N of filtrate . 4 6 


The composition of the products of hj drolysia 


O' 

/O 


Alanine 4-11 

Valine . . . . 3 57 

Leucine 5 96 

Serine 1-76 

Cystine 1-44 

Aspartic ncid . . . .5-12 

Glutamic acid . . . .19 1 

Tyrosine 3-18 

Plicnylalanine . . . . 2 05 

Probno 5 54 

Trj ptophan . . . present 

Arginine 15 92 

Ljsino 5 80 

Histidine 2 42 


Leucylvahne anhydndo . 0 64 

Ammonia 1-57 


The milk of the coconnut consists of an 
emulsion of oil in water stabilised by protein, 
the colloidally dispersed proteins being adsorbed 
at the oil-water interface. The aqueous plinso 
contains dissolved sugar (Clemente and Villa- 
corte, Univ. Philippines Nat. Appl. Sci. Bull. 
1933, 3, 7). In the milk of young nuts sucrose 
is the principal sugar, nnd small amounts of 
glucose and mannitol are reported. The pro- 
portion of glucose and sucrose appears to vary 
considerably in the different stages of maturation 
(Dunstnn, Trop. Agnc. Mag. Ceylon Agnc. Soc. 
1906, 26, 377; Lnhille, Bull. Econ. Indochine, 
1020, 23, 1). According to Gonzalez y Sioco 
(Philippine Agnc. Forest, 1914, 3, 25) the npen- 
ing is chnractcnsed by three Btagcs: (1) com- 
mencement of endosperm formation when 
invert sugar and amino acids accumulate in tho 
milk, (2) drying out of tissue of green nut when 
sucrose is produced, (3) oil formation in tho 
endosperm during which the total solids of tho 
milk dimmish. In dned copra meal, Caray 
(Philippine Agnc. 1924, 13, 229) found tho 
follow ing percentages of carbohv drate materials : 
sucrose 14 3, rafiinosc 2 4, galactose 2 4, pentoses 
2 4, fructose 1-2, glucose 1-2, cellulose 15 5, 
pentosans 2 2, starch 0 9, dextrin 0 6, galactan 
0 5. 


Buchofcn 

records 

the 

follow ing 

mineral 

nnalvscs : 

JIu«k. 

Shell. 

Kernel. 

Milk. 

Total ash 

1 63 

0 29 

0 79 

0 38 

K.O . . 

30 71 

45 01 

51 06 

34-57 

NcuO . 

27 56 

23 67 

2 66 

13 96 

CaO . . 

4-14 

6 2G 

3-10 

7-43 

MgO. . 

2 19 

1-32 

1-98 

3 97 

Fe.Oj . 

051 

1-39 

0 59 

trace 

p ;O s . 

1 02 

4 64 

20 33 

5 68 

so 3 . . 

3 13 

5 75 

S 79 

3 94 

SiO. . . 

8 22 

4 G4 

1 31 

2 95 

Cl * . . 

27 SS 

9 44 

9 25 

35 52 
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Small proportions of zinc occur in the endosperm 
but not in the milk (Bertrand and Benzon, Bull. 
Soc, Set- Hyg. aliment, 1923. 16, 457). 

A. G. Po. 

COCONUT OIL GROUP. Under this 
heading is grouped a number of closely similar 
fats (often known as the “ nnt oils,” or in German 
as " Leimfette which are deneed from the 
seeds of various tropical species of the family 
Palma r. and which differ from other vegetable 
fats by haring high saponification values (235- 
265) in conjunction with high Reichert-Meissl 
values (5-9) and Polenske values (ID-20): 
the iodine values are fairly low (c. 8-25). The 
fairly high Reichert-Meissl values, consequent 
upon the presence of the soluble volatile fatty 
acids, eaproio and capryhc acids, bring these fata 
into superficial relationship with the mammalian 
milk fats; they differ essentially from the 
latter, however, not only in containing vegetable 
phytosterols (in the unsapomfiable fraction) in 

t lace of the cholesterol of the animal fats, 
ut also in that the nut oils do not contain 
any butyric acid The presence of fie cu/af tie 
capryhc and capnc acids differentiate the nut 
oils from other fats (such as those of the Dika 
Fat Group, q.v . and Laurel Fat Group), which 
likewise jiossess high saponification values 
but do not contain appreciable amounts of 
acids of lower molecular weight than launc acid, 
and hence display very low Reichert Mcissl 
and Polenske values. 

Two fats of this group, tiz coconut oil and 
palm.kemel oil, are of very great commercial 
importance, whilst the trade w babassu nuts 
and murumuru nuts, which has become estab- 
lished within the last twenty years, seems likely 
to increase. A number of nuts of this group, 
such as cohune nuts (from Orfciynya cofiune 
Mart Dahlgrcn, r. infra), mocaya, Paraguay 
or gru-gru palm nuts (from Aerocomia edero- 
carpa Mart.), tucum and aouara nuts (from 
Attrocaryvm tucuma Mart and Aatrocaryum 
tulgare Mart. (e/. Bray and Elliott, Analyst, 
1916, 41, 298, Bolton and Hewer, tiid. 
1917, 42, 35 ; Froise, Chem. Umschau, 1931, 
38, 216), and the nuts of the kokente or 
inaja palm, MaziTtnhana regia Mart. (c/. 
Bull. Imp. Inst. 1916, 14, 8; 1927, 

25, I) occasionally appear on the market as 
sources of coconut-Like fats Cocoa bonelli, 
Becc. is being cultivated experimentally at 
Suchum in the Black Sea region ; as might be 
expected, the oil from this apccies, which 
grows on the northern limit of distribution of 
the genus Cocoa, has a higher iodine value (m. 
23-24} than the fats from the tropical members 
of the group, and it is therefore proposed to 
hydrogenate the od, m order to render it more 
acceptable as a substitute for coconut oil (e/. 
S. Ivanov and Alissova, Chem, Umschau, 
1929, 36, 401). The fats from a number 
of other species, auch as the bunty and mnnty 
palms (J/aurifia sp.), the jauary palm ( Aatro- 
caryum jauary Mart ), the pmnma palm 
(Cocoa ayagrua Drude), and other species of 
A tlalea, Maxtmihana, etc., are utilized by the 
natives of the countries in which they grow 
for edible purposes, as burning oils, or in 
pharmacy or soap-making ; it is possible, also. 


that such fats may be included at tunes in tbs 
“ coconut oil ” prepared m such districts. 

It may be pointed out that the fats discussed 
in this article are all derived from the audi 
(kernels) of the palms ; in some instances, for 
example, m the case of the common oil palm 
Elaeig quineenaia, and the aouara palm, the pen- 
carp or fruit-flesh surrounding the seed w also 
rich in oil, which differs, however, considerably 
from the corresponding seed-fat ; these pain 
fruit fats will be discussed under the hea<W 
Palm Oil. ^ 

Coconut Oil is the fat derived from the 
kernels of the coconut palm. Cocoa nucifcra L, 
which grows on all coasts and islands in the 
tropics The tree is supposed by De CandoSe 
(cf. A. W. Hill, Nature, 1929. 124, 133, 151) 
to hai e been indigenous to the Malayan Archi- 
pclago, whence the seeds, well protected by the 
enveloping thick coir, were carried by an 
currents eastward to the Pacific Islands and the 
coast of Central America, and to the west to 
Cejlon and Africa, bo that it is now found 
growing wifd, or under semi cultivation, on all 
tropical coasts in both hemispheres; it u, 
however, especially abundant on the Malabar 
and Coromandel coasts of India, m Ceylon, 
and in the East Indian and Pacific Islands. 
Apart from self planted or “ wild ” coconut 
land, the extent of which cannot be calculated, 
it has been estimated (1930-1932) that about 7} 
million acres are devoted to the cultivation of ths 
coconut, of which some 96-97% he in Asia 
and Oceania, and about 63% within the Bntuh 
Empire. Whilst the Indian acreage of some 
1.330,000 acres is the largest area m any sing!* 
country, the whole of the crop is now consumed 
locally, leaving no balance for export, and 
the chief countries exporting copra or coconut 
oil, or both, are the Philippine Islands, the Dutch 
East Indies, the South Sea Islands, Ceylon, and 
Malaya. (Within the last few years the pro- 
portion of the Cingalese export* destined for 
India has rapidly increased and amounted to 
85% of the total shipments from Ceylon in 
1936). The total world shipments of copra 
and coconut oil (calculated as copra containing 
65% of oil) from the principal exporting 
countries are of the order of 1$ to 1) million 
tons per annum, of which, from 1924— 1930, 1 
35% (on the average) waa furnished by ths 
British Empire (including Ceylon), and about 
30% each by the Philippine Islands and Dutch 
East Indies. These shipments represent about 
*»f the total production, the balance of 43% 
being consumed locally by the copra producing 
countries. (For detailed studies of the statistical 
and economic position of coconut oil and copra, 
from which the above figures have 
extracted, ate ' ‘ Survey of Oilseeds and VegetaW* 
Oils,*’ No 2; “ Coconut Palm Products," Empire 
Marketing Board, EJI.B. 61, Dec. 193- 
HJI.S.O.; "Vegetable Oils and Oilseed* 
Imperial Economic Committee, 1936, II.M.S v : 

. figures for Uterje»r« have not been puW!*^ 

In collated form, but It may be wtimated from 
avaltahte data (*/. *' t egetable OIU and 
Imperial F.mnoml* Romm.. 1838) that for lSW-'g 5 




Dutch Eait Indies respectively. 
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Snodgrass, “ Copra and Coconut Oil,” Leland- 
Sfnnford Unit'., 1928). 

The coconut industry in Ceylon and Malaya is 
described by F. C. Cooke (Dept. Agric. S.S. and 
F.M.S. Gen. Ser. 1932, No. 8), svho also makes a 
comparative report on the Philippine Islands 
industry in a later publication (ibid. 1930, 
No. 23 ; cf. Gothwaitc, “ Trade in Philippine 
Copra and Coconut Oil,” U.S. Dept. Commerce, 
Trade Promot. Ser. No. 11, 1925; Snodgrass, 
lc.). 

The coconut palm flowers when about 5-7 
years old, and begins to bear fruit from the ago 
of about 8 years up to 30 or GO years or more, 
according to the variety of the plant and cultural 
conditions. The large, drupaceous fruit consists 
of an outer skin and thick fibrous pericarp 
(from which the well-known “ coir " is obtained) 
surrounding the stono or “ nut,” which consists 
of a hard woody shell (endocarp) within which 
is the coconut kernel or seed. The fleshy endo- 
sperm or “ meat ” which contains tho fat is 
built up gradually from a milky juico as tho 
fruit ripens. When the nut is mature, the milky 
juice has almost disappeared, and the endosperm 
forms tho well-known hollow kernel, in which 
tho remainder of tho juico (tho coconut ” milk ") 
is enclosed. Tho fresh “ meat ” contains from 
30-10% of fat and 50% of moisture. 

Since the earliest times in tho history of man, 
coconut kernels have been used ns articles of 
food by the natives of tho South Sea Islands and 
of India : the oil first bccarno known in Europe 
in tho eighteenth century, but neither tho oil 
nor coprn was imported in any notable quan- 
tities until 1820 (cf. Sonmcs, U.P. 5842, 1829). 
In the United Slates, which is now tho largest 
consumer of coconut oil outside tho copra- 
producing areas (apparent consumption, c. 
200,000 to 330,000 tons per annum), tho utiliza- 
tion of coconut oil in soap-making only dates 
from tho beginning of this century, whilst its 
employment in the manufacture of margarine, 
has only developed sinco the World War. 

Franco now follows tho United States ns the 
second largest non-tropical consumer of the oil 
(c. 120,000 tons per annum), whilst Germany, 
which was by far tho biggest consumer in pre- 
Wnr days and held second place from 1924 to 
1929, fell to third plnee in 1930, and was just 
superseded in apparent consumption by the 
United Kingdom with 92,000 tons in 1931. 

Tho most primitive native method of obtaining 
the oil consisted in merely chopping up the 
kernels and exposing tho pieces to tho sun 
until the oil exuded and could bo collected. In 
India, where at an early dato the oil was 
extensively used for food and in pharmacy, 
more refined methods, which form the basis of 
present-day commercial practice, were employed. 

After removing the fibre the nuts were split, 
the “ milk " poured off and the half-nuts 
rxpo'cd to the sun until the kernels were 
dried and could easily Ire detached from the 
fhells; tho dried kemrls were then triturated 
and expressed in order to recover tho oil. The 
reriduai mass (" coconut poonne ”) was used as a 
cattle-food. The best qunlity of oil — the 
original “ Cochin oil ” from the Malabar coast — 
was prepared by throwing the pounded, dried 


kernels into boiling water and skimming off the 
liberated oil. The reputation of Cochin oil was 
such that tho terra has come to bo used to 
designate the finest, whitest grades of oil, 
regardless of the place of origin or of tho method 
employed to prepare tho oil (as Btatcd above, 
Indian-produced oil (and copra) is no longer 
exported to Europe). “ Ceylon oil ” was pre- 
pared in Ceylon by similar methods, but, owing 
to various circumstances, represented as a ride a 
slightly inferior grade of oil having a somewhat 
higher content of freo fatty acid than tho 
Malabar product. 

A further expansion in tho coconut industry 
followed when it was recognized that, whereas 
the fresh, moist kernels readily putrefy, causing 
hydrolysis nnd rancidification of tho oil, well- 
dried kernels (containing less than 8% of water) 
could bo preserved for a considerable time 
without damage to the contained oil, so that 
the drying treatment developed into a manu- 
facturing process for producing tho dried kernel 
— copra — for export to Europe nnd the United 
States, where the oil could bo expressed on tho 
largo Bcnlo with modern machinery. Formerly, 
apart from tho Cochin and Ceylon oils (amount- 
ing to about 10% of tho total), nil tho industrial 
coconut oil (“ copra oil ”) was thus prepared in 
the consuming countries from imported copra, 
nnd it is still truo to-day that copra bulks far 
larger in tho exports from tho producing areas 
than does coconut oil. There has been a growing 
tendency, however, within recent years to 
establish modem oil mills in the principal copra- 
producing districts, such ns tho Philippine 
Islands, Ceylon, Dutch East Indies, and 
Mnlnyn, nnd to export the oil ns such, so that in 
tho period 1927-1930 about one-qunrtcr of 
the aggregate exports of copra and coconut oil 
from tho copra-producing nrcas was shipped in 
tho form of oil (E.M.B. 01, Z.c.). Formerly a 
sharp distinction existed between “ Bun-dried ” 
copra nnd “ kiln-dried " or “ Btuoke-dried ” 
copra ; for a given typo of coconut, a “ sun- 
dried ” product, prepared by exposing the split 
nuts to tho sun for several days, is tho bettor, 
since it yields a paler nnd less acid oil ; but in 
regions whore tho climate docs not permit of 
this process, recourso must be had to artificial 
drying, nnd tho split nuts are “ kiln-dried ” or 
“ smoke-dried ” by spreading them on (bamboo) 
grids supported over a fire of coconut shells and 
husks (cf. F. C. Cooke, l.c., also Mnlay. Agric. 
J. 1 93G, 24. 1G7, 332; 1937, 25, 93). Even in 
Ceylon (which produces tho highest-priced 
copra) it is now the usual practice to allow only n 
preliminary drying in the sun (for 1-2 days) 
and to complete the drying in the hot kilns 
(4-G days) ; hcnco tho term “ sun-dried " has 
come to loso its original narrow significance, nnd 
is used in the trade as a designation of quality 
in copra, without especial reference to the modo 
of drying. In the somewhat primitive kilns 
employed, the fumes from the fire obtain ready 
access to the copra itself and impart to it a 
peculiar empyrcurnntic odour nnd nlso cause a 
certain amount of discoloration, nnd, occasion- 
ally, scorching ; the quality of tho product 
(which is judged by the appearance of tho 
copra nnd by the colour, etc., of the oil obtain- 
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Table I. 

UsCat. Asaltocal Chla&actejustics or Fats or ths Cocosct On. Gaotr. 



Coconut oiL 1 

Palm kernel 
oil' 

Cohune nut 

OIL 

Babassu fat. 

Murumura 

fat. 

Melting-point . . . 

23°-2S°C. 

23°-30 , ’C. 

18°-20°C. 

22°-26°C. 

32°-35®C. 

Specific gravity . . 

(>30*C.) 
e. 0 874 /H 

(>30°C) 
e. 0 873 /Jf 

0 86S-0 871 /\f. 

c. 0 B67/]f 

_ 

Iodine value 

8-10 

15-23* 

9-14 

8-17 


Saponification value 

(7 5-95) 
250-264 

(14-19) 

243-250 

251-256 

246-263 

237-212 


«255) 

6-8 

(212-252) 
5-7 5 

6 8-85 

5-9 


Polemke value . . 

15-20 

IO-12 

12 5-15 5 

4-13 3 

t.7 

Bertram A-value - 

27 4-30 5 

16 5-17(a) 


(usually 

11-13) 

19 5. 24 1 (6) 

8 7(c) 

Bertram B-value . 

25-3 1 

1 8-2 l(o) 

_ 

1-9-2 0 (6) 

14(c) 

Hehner value (insoluble 
fatty acids) 

88-91% 

e 90% 


88-91% 

f. 93% 

Unsapomfiable matter. 

C. 0 2% 
(>0-8%) 
20°-23°C. 

0 2-0 8% 

0 5% 

0 3-0 8% 

03-0-6% 

Titre (f p. of fatty acids) 

20®~25°C. 

e. 21°C. 

21°-24°C. 

f.26‘C. 


(a) Four samples, laboratory prepared. (6) Two samples (<) One sample. 

1 Figures In brackets denote limits ipecIDed to British Standard Specification 62S for Coconut Olt; refractive 
index at 40‘C , l 4IS5-I 11V2 . free fatty acids (calculated as Uurlc acid), >5”„. 

* Figures in brackets denote limits specified In British Standard Specification 852 for Crude Film kenifl 
Oil ; refractive Index at 40'C . 1 440-1 151 . free fatty acids (calculated as Uurlc add), >8%. 

* The average Wijs iodine value for over 1,000 aamples examined by EUls and Hall (J S C I 1019, 38. ItST) 
was is-8 for the crude oils and 18 1 for the refined oils, the minimum and maximum values being 15 8 and 329 

respectively. 


able from it) depends on the care with which the 
drying process is conducted. In many of the 
larger estates outaide Ceylon hot-air drying is 
employed, and in a few places, modem systems 
of kdn- or furnace -drying (rotary driers, 
vacuum driers) have been installed, which yield 
a product of very high quality. Strictly sun- 
. dried copra contains, on the average, 50% of 
f fat; kiln-dried copra of good quality should 
contain about 4-6% of water and yield about 
65% of oil with a free fatty acid content of less 
than 1% (c/. E. B. Copeland, “ The Coconut,” 
1931). In certain types of kdn-dned or hot air 
dried copra, the percentage of od may rise to 
over 70%. 

The copra is expressed in od mills in a manner 
similar to that in which od seeds generally are 
worked up. In India, quite good results are 
obtained in native mdts of tho pestle and 
mortar type, but in tho Philippine Islands, and 
other up-to-date tropical establishments, the 
oil for export is expressed in modem machinery 
of the same type as is current in Europe or in 
the United States. Owing to the high od con- 
tent, copra is expressed in two stages at a 
temperature of 66-65% box-presses (Anglo- 
American typo), cage-presses or expellers being 
employed; the practical yield vane* from 
63% to 66%, according to the proportion of od 
in the copra. The quality of the od and the 
proportion of free fatty acids 1 depend upon the 
quality and condition of the raw material. 
The press cake obtained as a by-product of the 

' In reporting the free acidity of coconut oil, etc. 
It I* usual to express the percentage of free fatty 
acids la terms of Uurlc acid 


expression, which contains from 6-10% of oil 
(when prepared in modem mills), and about 
20% of proteins, is used as a cattle food or 
fertiliser; the preparation of a press meal 
suitable for human consumption has been pro- 
posed Icf. Parker and Brill, Philippine J. 6 cl 
1917. A. 12. 87). 

Coconut od expressed in the tropics, us well u 
copra, is now largely shipped in bulk ; _the copra 
may be unloaded by mechanical means similar 
to those employed for discharging grain (</. 
A. W. Allen, Chem. Met. Eng 1923. 29, «Wi 
the od is melted (if necessary) by means ol 
steam-coils situated m the ships' tanks before 
pumping into shore-tanks. 

In temperate climates, coconut od is * solid 
white fat of bland taste having a peculiar, bat 
not unpleasant, odour of coconut meat. The 
odorous substances, which are present in very 
small amount, consist chiefly of methyl heptyl 
ketone and methyl nonyl ketone (Haller and 
Lassieur, Compt. rend. 1910, 151. 697; SaJ*ay. 
J.C.S. 1917, 111, 407; Brooke, Phibppme J.Sd. 
1926, 30, 201). These two ketones, together 
with certain other volatde ketones, earbmou. 
etc , are removed in the deodorizing and 
refining of coconut od for edible purposes 
When crude coconut od is stored for kwg 
periods in the liquid condition, a waxy sediment 
may bo formed, from which a purified W * 1 
(yielding myncyl alcohol and cerotic acid upon 
saponification) can be recovered, which is ■W*® 
to be suitable for use as an Ingredient of poluhc* 
(Tanchico, Philippine J. Sci. 1035. 57, 423); this 
sediment is not to be confused with any " 1°°** 
or remains of the press-meal, which are normally 
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tirely, by Burner and Schneider (Z. Unters. by dilute caustic alkalis ; on the other ki-i 
Nahr.-Cenuasm. 1924, 47, 61), and by Boraer they are bo readily converted into soap bj 
and Huttig (Z. Unters. Lebensm. 1938, means of concentrated caustic solutions that * 
75, 1). simple mixing of the oil with the equivalent 

In consequence of the high content of acids of quantity of strong lye at about 40°-6iyc, 
low molecular weight (tho mean molecular suffices to initiate the reaction, which proceed 
weight of the total fatty acids of coconut oil, spontaneously to completion with the evolution 
for instance, averages 209 as compared with of heat. Accordingly, coconut oil ta extcnsiwlr 
270-290 for other fats such as palm oil, olive employed for the manufacture of soaps by tha 
oil, etc.), the yield of glycerol from the saponifi ca- so-called “ cold process ” 
tion of the. nut oils (theoretically 13 5-14 1%) Minor amounts of coconut oil are used in the 
is higher than the yield (theoretically 10 3- manufacture of pharmaceutical and cosmetic 
11%) from other soap making fats preparations, confectionery fillings, and labn 

Refined and deodonsed eo coput oil (ot palm- cants 
kernel oil, v. infra) is used to an enormous Owing to its high Keichert-Meissl value, corn- 
extent as a raw material for the manufacture of nut oil, or margarine mixtures containing it, 
margarine, and accounts, in fact, for some may be used to adulterate butter. Methods for 
60-66% of the total fats consumed for this the detection of coconut oil in butter or mar 
purpose in the United States. In Europe, the ganne are baaed on the detection and estimation 
proportion of coconut, oil employed for mar of the insoluble volatile fatty acids (csprjLc 
ganne i.i lower (some 20-30% of the total fats and capnc acids) through the analytical deter 
used) owing partly to replacement by palm mutations of the Polensle value (c/. Salkovsht, 
kernel oil and, especially, to the rapidly increas- Z anal Chem. 1887, 26, 582; Polenake, 
ing U9e of hydrogenated whale oil Arb Kaiserl. Gesundh -amt. 1904, 545; Lewko- 

It is also used as an ingredient of ahortemngs witsch, “Oils, Fats, and Waxes,” 6th td, 
and as a cooking fat (“vegetable butter”), vol 2, pp 843 et Bertram A - and B 

especially on the Continent, where such pre values (Bertram, Bos and Verhagcn, Chem 
parationa as beam vtgtlal and palmine consist Week Wad, 1923,20, 610; Z, deut Del u Felt 
almost entirely of palm kernel or coconut oil , Ind 1924,44,459, , Bertram, van derSteur.aml 
in the tropics, also, coconut oil is commonly Verhagen, Chem. Weckblad, 1925, 22, 549, 
employed as a rooking oil ef. Kuhlmann and Grossfeld, Z Unters N»hr- 

Coconut titan n (iodine value 4-7, mp 27°- Genussm 1925, 50, 339, (with Baumann), iW 
32°C , saponification value 250-260), which is 1926, 51, 27) ; capryhc and value (Grossfeld, Z 
obtained by filter pressing cooled refined Unters. Lebensm. 1928, 55, 354), or residual 
coconut oil so as to remove the more liquid number (“ Restzah] " ; ef. Grossfeld, ibid 1932, 
glycerides, is used as a chocolate — and con 64, 433). For the detection of the nut oils 
fectionery — fat (q v ). Lightly hydrogenated on the basis of their high content of laonc and 
(hardened) coconut oil is also used for the same mynstic acids, c/. Shrewsbury and Knapp, 
purpose. The expressed liquid portion — Analyst, 1910, 35, 385, 1912, 37, 3, EWon 
" coconut olein " — is used in the United States and Bagshawe, ibid. 1917, 42, 72, ELsdon, ‘bid 
for frying confectionery nuts or for soap-making. 295, Grossfeld and Miermeiater, Z. Unters. 
A considerable quantity of technical coconut Lebensm. 1928, 55, 529 , ibid 56, 423 A 
stearin, prepared by pressing inferior grades of qualitative test for the detection of coconut oil in 
tho oil, was formerly used in the manufacture of butter fat, which is based upon the microscopical 
night hgbts (e Candles) appearance of the crystals obtained on re 

The technical grades of coconut oil are used crystallising the fat from ether, is described by 
in enormous quantities m the manufacture of Hulks (Analyst, 1907, 32, 160 ; tee Lcwkoaitseb, 
soaps. Owing to the low content of unsaturated l c , pp. 857-858). Similar methods are applied 
acids, and the presence of a large proportion for the detection of coconut oil, etc. In cacao 
of saturated acids of low molecular weight, the butter (q v., ef. alto Cohn, Z. angew. Chem. 1921, 
sodium soap of coconut oil (or palm kernel oil, 37, 3(14 ; Kulhmann and Grosfild, ibid. 1928, 
etc ) possesses great hardness and the power to 39, 24 , Ilfirtel and Marams, Z. Unters. Nabr- 
retain considerable quantities of water without Genussm. 1924, 47 , 205) and aoap. Method* 
becoming soft and also a high solubility and good for the estimation of butterfat m mixtures con 
lathering properties in cold water and in salt taming coconut oil (e g. margarine, chocolate) 
water. Further, coconut oil soaps are not depend upon the determination of the content 
thrown out of solution (“ salted out ”) by of soluble volatile acids (butync and cap™® 
moderate concentrations of salt, as is tbe case acids) in the fat : reference may be made to tn# 
with the soaps of other fats, hence tho nut methods of Kirschner (Z. Unters. * 
oils constitute the essential raw material for the Genussm. 1005, 8, 65 ; ef. Bolton, Richro° n, J 
manufacture of manse soaps for use m sea- and Itevis, Analyst, 1912, 37, 183; Cocks and 
water. Owing to the hardness, solubility, and Nightingale, «Anf 1028,53,322; Soc. Pub. Ao*W 
ready lathering power of its soap, coconut oil Anal. Comm. Rcpt , ibid. 1030. 61, 408; v* 1 * 
(or palm kernel oil) is also an important dcr Jjian, Itec. Trav. chim. 1932, 41. 724): 0 
ingredient of most other types of soap, and, Kuhlmann and Grossfeld (Z. Unters. Ww"® 
especially, of quick- lathering household soaps, 1925, 60, 330 : calculation from tbe Beichca- 
flaxes, shampoos, shaving soaps, etc , intended Meitsl and saponification values, tf. I ****** 
for use in luke-warm water. ibid 1929, 58, 592) : of Kuhlmann and Grt“* 

The nut oils further differ from other ty pcs of feld (Z Unters Lebensm. 1926, 51, 31 ; v 
aoap oils in that they are not easily saponified feld, ibid. 203 ; tbuf. 1937, 53, 381 ; detenu 
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tion of butyric acid value) : nnd of Bertram, Bos 
nnd Verhngcn (l.c, supra: determination of A- 
and B- values). 

Since coconut oil and palm-kernel oil arc so 
closely similar, differing chiefly in the amount of 
insoluble volatile acids present (Polenskc value), 
it is extremely difficult, and may bo impossible, 
to decide by analysis which of the two i3 present 
in a mixture of other fats (e.g. margarino), if 
no information ns to origin is available. The 
determination of the composition of a mixture 
of the two nut oils is seldom required, ns these 
fats are rarely adulterated the ono with the 
other; approximate methods for tlio purpose 
depending chiefly upon slight differences in tho 
composition of the “ Polcnsko acids ” from tho 
two fats arc described by van Krogtcn, Chem. 
Weckblnd, 1.0)5, 12, 7SS; Blichfeldt, J.S.C.I. 
1010, 38, lfiOT ; Stokoe, ibid. 1021, 40. r»7T; 
Gilmour, Analyst, 1025, 60, 110; Elsdon, ibid. 
1027,52,03. 

Palm-kernel Oil is obtained from tho 
seed-kernels of tho oil-palm Elaeis gitineensis 
Jncq., which is indigenous to West Africa but 
also cultivated in the Dutch East Indies, Malaya, 
nnd other tropical countries. More than 05% 
of tho pnlm kernels entering world-trade, 
however, come from Africa — British West Africa, 
French W. nnd Equatorial Africa, and tho 
Belgian Congo being the principal producing 
areas ; in tho Asiatic regions tho palm kernel 
industry is subordinate to tho production of 
palm oil, nnd of minor importance at present. 
Tho " palm nuts " (i.e. the “ stones ” of tho 
drupaceous fruits) nro separated from tho olea- 
ginous fruit-pulp when tho latter is worked 
up for tho production of pnlm oil. Tho 
" nuts ” arc dried by exposure to the sun or in 
kilns sufficiently to loosen tho kernels (seeds) 
within tho shells, and the comparatively thin 
shells nro cracked by nntivo hand-labour or by 
machinery. Tho kernels nro then separated from 
tho shell-fragments by screening or by flotation 
in brine or elav-water (sp.gr. 1-1—1 -5), dried if 
necessary, nnd exported in bulk to Europo or 
tho United States. Unliko palm oil nnd coconut 
oil, palm kernel oil is not prepared (except for 
local or native consumption) in tho palm-growing 
regions, the exports being confined to tho shelled 
kernels. In Europe, etc., tho kernels nro crushed 
and expressed in the usual way in two stages at 
-hV-GO U., yielding -13—15% of oil on the largo 
srnJo. A certain amount of oil is also recovered 
(in Europe) by extraction with solvents. 

The press. rake contains G-S% of oil nnd ni>out 
2-5% of nitrogen : it is employed in the feeding 
of dairy rows nnd other fnrm animals {cf. 
" Use of Oil Cakes and Extracted Meals,” 
Ministry of Agriculture nnd Fisheries, Bull. 
No. 11, 2nd ed., 1937; Anon., Bull. Imp. Inst. 
1915, 13. 151, 440 ; C. Crowther el at. J. Agric. 
Sri. 1917, 8. 429. 451 ; W. Goddon. ibid. 419). 

Palm-kernel oil is white to pale yellow in 
colour nr.d resembles coconut oil in composition 
(f/. Tables I, H, III), nppearance, nnd odour ; 
as in the ca-e of coconut oil, the characteristic 
aroma apfs-nrs to lie due largely to the presence 
of methyl nonvl ketone (Sal way, J.C.S. 1917, 
111, 407). It is list'd for the same purposes ns 
coconut oil; pressed '' p llm n at stearin" 


like tho corresponding “ coconut stearin.” is 
employed as a chocolate fat, nnd the “ palm nut 
olein ” for soap-making. Palm kernel oil is 
generally regarded ns slightly inferior to 
coconut’ oil nnd, ns a rule, commands a lower 
price; the choice between tho two fats is, 
however, largely influenced by geographical nnd 
politico-economic considerations nnd trading 
custom. Thus, before tho Great War, Germany 
held a virtual monopoly of tho palm kernel 
crushing industry, exporting tho surplus oil to 
tho United Kingdom nnd other countries, nnd 
since 1925-26 has recaptured her position ns 
premier producer and consumer of tho oil, in 
spito of tho growth of important pnlm kernel 
crushing industries in tho United Kingdom, 
Franco and other countries. Imports of palm 
kernels hnvo been of tho order of 250,000- 
300,000 tons per annum from 1927-1935 
(374,000 tons in 1936 and 322,500 tons in 
1937) into Germany, nnd 130,000-160,000 
tons per annum into England over tho same 
period (c. 200,000-250,000 tons per annum 
from 1920-1926) ; French imports of tho 
kernels, which were only of tho order of 12,000 
tons per annum in 1928-1933, have latterly 
shown a notablo inercaso to 119,400 tons in 
1936 (69,000 tons in 1937). Total imports of 
kernels into tho principal importing countries 
have been 594,200, 735,800, and 675,050 tons in 
1935, 193G, and 1937 respectively {cf. “ Review 
of Oil nnd Fat Markots,” 1937, H. M. Fnuro 
k Co. ; for a detailed Burvcy up to 1932 of 
tho production nnd trndo in palm kernels nnd 
pnlm kernel oil in British nnd foreign countries, 
r/. “ Survey of Vcgctablo Oil Seeds and Oils, 
vol. 1, Oil Pnlm Products,” Empire Marketing 
Board, E.M.B. 54, 1932, H.M.S.O.). 

For tho determination of palm kernel oil in 
mixtures, see under Coconut Oil. 

Babassu Oil is obtained from tho kernels of 
the Brazilian babassu palm, Orbigmja speciosa 
Barb. Rodr. (— Orbignya Marliana), 1 Tho 
woody cndocarp (“ shell ") is extremely hard, 
and considerable difficulty has been experienced 
in devising machinery capable of splitting this 
shell without causing excessive damage to tho 
2-6 small kernels (which only weigh nbout 4-6 g. 
each) contained therein. The kernels contain 
from 03-70% of fat (cf. Tobies I, II, III), which 
closely resembles coconut oil and is used for 
similar purposes. Tho woody shells may bo 
used ns a fuel, or subjected to destructive 
distillation for the recovery of acetic acid, etc., 
nnd metallurgical charcoal. Babassu fat is 
ono of tho principal nntive fats of Brazil, nnd 
since nbout 1915 considerable quantities of 
the kernels have been exported to Europe, 
and, more recently, to the United States. As 
in tho case of tho coconut, the press-cake is 
suitable for use as cattle-food {cf. Anon., Bull. 
Imp. Inst. 1929, 27, 2S6; “The Babassu,” 
Ministry of Agric., Rio do Janeiro, 1930; Arie, 
Arch. Inst. Biolog. Silo Paulo, 1931, (4), 301 ; 
Heidu.schka and Agsten, l.c.. Table II). 

Cohunc Nut Oil, from the seeds of Orbignt/a 
cohunc Mart. Dahlgron {-- Attr.lea cohunc 

1 TVh-n babassu nuts first appeared nn the market 
th-y were freou'ntly wronclv attribute to the fibre 
palm ('* ptisjava ") Atialca Junijtra Mart. 
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Mart.) indigenous to British Honduras and 
Central America, has so far been of little com- 
mercial importance, owing largely to lack of 
development on the agricultural side of the 
industry, and to the difficulties experienced in 
providing machinery in place of laborious 
hand-labour to crack the small hard nuts. The 
kernels {amounting to 8-10% of the whole 
fruit) contain from 48-70% of fat ((}. Tables I, 
II), which is, as a rule, slightly softer than 
coconut oil (ef. Bull. Imp. Inst. 1914, 12, 237; 
1934, 32, 409 ; HUditch and Vidyarthi, J.S.C.I. 
1928, 47, 35T). 

Murumuru Fat, from the thin-shelled seeds 
of another Brazilian palm, Astrocaryum muru- 
muru Mart., is a hard, brittle fat resembling 
coconut stearin, and is similarly employed as a 
chocolate fat. 

Although it may be included among the nut 
oils for convenience, it will be seen from Table II 
that murumuru fat contains a much smaller 
proportion of caprylic and capnc acids than do 
the typical fats of the group (the Reichert-Meissl 
and Polensko values are correspondingly low), 
and in this respect it approaches the fats of the 
Dika group, although the content of myristic 
acid is much lower than in the latter case. 

Similarly, the kernel fats of the palms Astro - 
caryum tucuma Mart. (Collin, Biochem. J. 1933, 
27, 1366) and Areca catechu (the arcca or betel- 
nut palm) (Rathje, Arch. Pharm 1908, 248, 
702) have a high content of launc and raynatic 
acids, but are comparatively poor in the lower 
acids; these fats have no commercial signifi- 
cance other than for local consumption in the 
countries of origin. 

Khakan Fat , which is chemically very similar 
to coconut oil, is not derived from a palm 
but from the unrelated plant Salvadora oleoides 
Done (fam. Salvadoraccie), and will be discussed 
under Kuaxax Fat. 

E. L. 

COCOSJTOL, mp. 342°, optically inactive, 
a natural inactive form of inositol, is identical 
with scylhtol and quercine (Hugo MU Her, J.CS. 
1912, 101, 2383). It was found by him in the 
leaves of two species of Cocos (£7. plumosa and 
C. nuaftra). The term seyllitol only is retained. 

E. F. A. 

COOA.MINE, C, 0 H„O 4 N, ny, m-izr 
(hexagonal prisms from Et a O), is a minor opium 
alkaloid. The base was first isolated from opium 
by Hesse (Annalen, 1870, 153, 66). It reacts 
strongly alkaline, is moderately soluble in H,0 
and very soluble in EtOH. It gives a green 
colour v ith ferric chloride, and nitric acid dis- 
solves the alkaloid forming a dark preen liquid. 

SpSth and Epstein (Ber. 1926, 69, [B], 2791) 
obtained tf-laudanoaine by methylation of cod- 
amine and have conclusively demonstrated 
that the alkaloid is a la udanosine derivative 
with a phenolic OH-group in 7-position 
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tIL GROUP. 

CODEINE, C u H<uO,N,H t O, an ho- 
quinoline alkaloid, exists in Turkey opium in the 
proportion of about 0-75% .while m the Persian 
or Indian varieties the average is about 2 25%. 

COD EON AL. Combination of codeine 
diethylbarbiturate, 2 parts, and sodium diethyl- 
barbiturate, 15 parts, in tablet form. It is a 
sedative and hypnotic (Knoll, Ludwig shafen ; 
Pharmaceutical Products, London). B.P.C. 

COD* LIVER OIL, in the narrowest sense, 
is the oil obtained from the livers of the European 
and American cod-fish, Gad us morrhua L. 
(Q, callanas), and the Japanese cod (“ madara " 
or “ tara ”), O. macrocephalus Tilesius ; m 
ordinary practice, however, which is sanctioned 
by the definitions of the pharmacopoeias of the 
various countnes, the term “ cod liver oil ” 
includes the equivalent bver oils from allied 
species of Gadus or of the family Gadidx, e g. 
the pollack (G. pdlachxus), the coal fish or saithe 
(O. tt rens, O. carbonanus, Pollachius vxrens), 
hake ( Mtrluccius merluccius), ling (Moha 
malva), the Japanese Pollacht us Brandtix, Jordan 
and Snyder. In Japan, another species of cod, 
the “ snketodara ” {“ sukeso-dara ") — Theragra 
chalcogramma Pallas (Gadus chalcogramma) — is 
caught in large quantities, but up to the 
present the liver-oil has not been used for 
medicinal purposes. 

The cod appear annually at certain seasons 
of the year in enormous shoals in the coastal 
regions of the northern seas in latitudes above 
45°N. ; and, correspondingly, important fishing 
grounds have grown up on the coasts of Norway, 
Scotland, Iceland, Newfoundland, on both 
eastern and western coasts of Canada and the 
United States, and off the shores of Japan and 
Siberia. As a result of the introduction of 
factory ships, even more remote fishing-grounds, 
such as those at Bear Island, Spitsbergen, can 
bo developed for the production of first-class 
ods. Whilst the oldest and probably the best- 
known commercial fishing grounds are those of 
Norway, whence cod liver oil (“ Bergentran ") 
was exported (for leather dressing) as early as 
the fifteenth century, the Newfoundland 
industry is also of considerable antiquity, and 
records exist of the export of “train oil ” (cod- 
oil) to England from the seventeenth century. 
This area is now betommg inmaswigty impor- 
tant for the production of high grade medicinal 
oils, the bulk of which are exported to Canada 
and the United States. Both in Newfoundland 
and Norway, the preparation of medicinal 
cod liver oil is conducted under strict Govern- 
ment supervision. The production of medicinal 
oils on the cast coast of the United States 
and in Japan is also considerable. Until 
recently the interests of the English native 
industry were restricted to the technical “ cod ” 
oils, but of late yearn efforta have been made to 
promote manufacture of domestio medicinal 
ods. 

In the Newfoundland and Lofoten fisheries of 
Norway the catch consists exclusively of cod, 
but in the Finmark fishery of Norway and 
the English coastal fishery, saithe, pollack, 
hake, ling, and other closely allied members of 
the cod family are included. The liver oils of 
these fish, however, are closely similar in 
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chemical composition to that of the true cod, 
and since the}' are equal to, or in some cases 
superior to, pure cod-liver oil in vitamin potency, 
no objection to their presence is made. In the 
Lofoten fishery the fish are taken during the 
spawning season in a fasting condition, and the 
livers are poorer in oil than those obtained from 
the fish which are caught in the Finmark 
or “ Lodde ’’-fishing season, and off Newfound- 
land, when the cod is feeding actively and in 
a well-nourished state. 

In the oldest process for the recovery of cod- 
liver oil, the livers, after removal from the 
fish, were heaped up in barrels and allowed to 
undergo spontaneous putrefaction in order to 
decompose the liver cells and permit the oil to 
exude, which was drawn off at intervals as the 
rotting proceeded, in fractions ranging from 
pale brown to almost black in colour; the 
process might be accelerated by exposing 
the barrels to the sun. Some improvement 
in the quality of the oil was effected by careful 
selection of sound fivers, and the removal of 
blood of the gall-bladders and other visceral 
matter before treatment, but, nevertheless, even 
the best oils prepared by the “ rotting " method 
were contaminated with decomposition products 
of the liver tissue (organic bases) and possessed 
a rank, fishy odour and nauseous taste. 1 Thfr 
crude method of preparing the oil is now 
practically obsolete and, except in a few 
primitive installations producing low-grade 
oils, has been replaced by the “ steaming 
process.” In the original process introduced by 
Charles Fox in Newfoundland (1848, cf. Munn, 
Montreal Pharm. J. 1914, 25, 192) and developed 
by P. Moller in Norway, 1853 {cf. Moller, 
“ Cod-liver Oil and Chemistry,” 1895), the fresh, 
sound, washed livers were rendered in steam- 
jacketed pans, but to-day it is more usual to 
“ cook ” the livers with open steam (at a 
pressure of from 39-100 Ib./sq. in.) which is 
blown directly into the mass of fresh livers 
contained in an open or covered pan. 

For the production of the finest (medicinal) 
grade of oil, tin-lined pans or vessels of non- 
corroding metal, are employed, and only 
sound livers in the freshest possible condition are 
taken ; all diseased or discoloured livers are 
rejected and worked up separately for the 
technical grades of oil. The gall-bladders are 
removed, and the livers are thoroughly washed 
before steaming, which is continued for a 
sufficient time (about 30 minutes) to ensure 
the destruction of any fat-splitting enzymes, 
which might otherwise cause deterioration of 
the oil during subsequent storage. The oil 
which separates freely from the livers is dipped 
off, strained, and allowed to stand in order 
that traces of liver tissue and moisture may 
settle out, and the purification is completed, if 
necessary, by filtration, centrifuging, or treat- 
ment with fuller’s earth ; finally, the oil is 
packed into tin-lined barrels for transport or 
storage. In order to prevent deterioration of the 
oil and loss of vitamin-potency through oxida- 

1 Details of the “rotting” process and the early 
steaming process are described by Moller, “ Cod-liver 
Oil and Chemistry,” London, 1895 ; cf. also Lewko- 
witsch, “ Oils, Fats, and "Waxes,” 6th ed., vol. II, 
p. 437. - ’ 


tion, exposure of the oil to air and light is 
minimised throughout the operations. (For 
further details of the preparation of medicinal 
cod-liver oil in Norway, Newfoundland and 
Iceland, cf. Zilva and Drummond, J.S.C.I. 
1922, 41, 280T; 1923, 42, 185T, 250T; Drum- 
mond and Hilditch, “ Relative Values of Cod- 
liver 0il3 from Various Sources,” Empire 
Marketing Board, Pub. No. 35, 1930; Le Gall, 
Rev. Trav. Off. Peches marit 1930, 3, 1030 ; 
Chabre, Thesis, Paris, 193G ; Macpherson, 
Bull. 3, Fish Sect. Dept. Nat. Resources, 
Newfoundland, 1937). 

The medicinal oil obtained in this manner is 
consumed as “ congealing oil ” in those countries 
where the pharmaeopceia or popular taste raises 
no objections to such an oil, which deposits a 
solid “ stearin ” when exposed to low tempera- 
tures. In England and certain other countries, 
however, the pharmaceutical trade prefers, 
and the pharmacopoeia prescribes, a “ non- 
freezing ” oil, which does not set at low tempera- 
tures ; this is prepared by “ refining ” or chilling 
the crude oil at temperatures between O'C. and 
— 10°C. in order to precipitate the higher-melting 
glycerides (“ stearin ”) which are filtered off at 
about O'C., leaving a yield of about 75-S0% 
of a clear “ non-freezing ” oil. The separated 
“ stearin ” (consisting actually of mixed 
glycerides of saturated and unsaturated acids) 
may be pressed in order to recover any entrained 
liquid oil (which is added to the second grade of 
oil) and is sold as the best quality “ fish stearin ” 
for soap manufacture. 

The steamed liver-pulp remaining in the 
rendering-pan may be boiled up again with 
steam before it is finally pressed, yielding in 
both cases oils of good quality which are 
employed as a vitamin-active supplement in the 
feeding of poultry and cattle. The final residue 
of liver-tissue is dried and converted into liver- 
meal for animal feeding. In general commerce, 
the expression “ cod-liver oil ” is restricted to 
the medicinal oils intended for human or animal 
nutrition, whilst the term “ cod-oil ” (“ brown 
cod-oil,” “ brown oil ”) is used for the technical 
oils which are obtained by steam-rendering (or, 
more rarely, by the rotting process) from livers 
which, on the score of condition or freshness, are 
unfit for the production of medicinal oil ; where 
other fish besides cod are included in the catch, 
the oil is known commercially as “ coast cod 
oil.” The cod-oils, in general, have a high 
acid value and rank odour, and are contaminated 
with impurities derived from the decayed liver- 
cells ; the use of such oils for the feeding 
of animals is to be deprecated, especially as 
there is some evidence that oils from putrid 
livers may be definitely toxic. The crude 
“ unracked ” cod-oils contain considerable 
quantities of stearin which are removed by 
chilling and filtering or settling, and used in 
soap-making or as “ fish-tallow ” in leather 
currying. Cod-oils find extensive use in the 
leather industries, where the raw oil is employed 
in the chamoising process and in the currying 
(stuffing) and oiling of heavy leathers ; further, 
considerable quantities of sulphonated (sul- 
phated) cod-oil, e.g. Turkey-red oils, which is 
prepared by treating the oil with concentrated 
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sulphuric acid are employed for the oiling-ofT 
of heavy leathers and for the fat-Lquoring of 
hght leathers and chrome-tanned leathers. 
Technical cod oils are also employed in the 
manufacture of lubricating greases and low- 
grade soaps. The dried, pressed liver meal 
recovered aa a by-product of cod oil manufac- 
ture is utilised as “ fish manure.” 

Pure medicinal cod-liver oils of pharmacopoeia 
quality are pale in colour and have only a slightly 
fishy odour and taste ; in consequence, probably, 
of the different feeding conditions, the oils from 
Newfoundland and Iceland possess a distinctly 


deeper yellow colour than the Norwegian oils. 
(N.B. This inherent colour is quite distinct 
from the discoloration of oils which have 
been prepared from stale livers or by bad 
methods.) 

Tbe analytical characters of medicinal cod- 
liver oils are illustrated in Table I, except where 
otherwise stated, the figures refer to oils pro- 
duced on the large scale from batches of mixed 
livers from fish of both sexes, different sue, 
etc. Naturally, oils extracted m the laboratory 
from individual livers of fish of different size, 
etc., show wider extremes of variation. 


Table I. 


Characteristics of Cod diver Oils. 



Medicinal oils 
(moitly nan 
congealing). 1 

Pharmacopceial 
requirement* (non 
congealing oils). 1 * 

Crude whole 
(» e. coogeal- 
Ing) medi- 
cinal oils 1 

Pure cod 
liver oils 4 

Japanese cod- 
llvet (madara) 
oil* * 

Sp gr. . . . 

0920-0 9288/ 
25°C. 

0 022-0 929/ 

15 6°C. (B.P.) 
0 918-0 927/ 

25 °C. (U.S P.) 

— 

0 924-0 929/ 
15 5°C. 

0 9243-0 9397/ 
15°C, 

(0 924-0 9298) 

Ref. index . . 

1*474-1' -4798/ 
20°C. 

1-4705-1-4745/ 
40°C. (B.P.) 


1 4705- 
1 4728/40°C. 

1 4742-1 4803/ 
20°C 

(1 4765-1 4808) 






value . . 

175-197 (usually 
180-190) 

180-190 (B.P.) 
180-192(U.S.P.) 

175-188 (a) 
181-189 (6,e) 
172-198 5(d) 

181-189 

174 6-190 7 
(183-189) 

Iodine value 

147-183 (usually 

155-173 (B.P.) 

153-162 (a) 


143-205 

Acid value 

150-170) 

05-35 

145-180 

(U.S.P.)* 

>1-2 (B.P.) 

>2 8 (U.S.P.) 

142-185(6) 
159-174 (e) 
140-185 (d)* 

0 6-2 4 

154-172 

(162-182) 

04-60 
(0 5-12) 

Unsaponifiable 




0 6-4-6% 

(0 5-1-0) 

matter . . 

0 9-1-7% 

1-5% (B.P.) 
1-3% (U.S.P.) 


0 96-1-52% 


1 Cf Lewkowltsch, "Oils, Fats, and Waxes,*' vol. n ; A. D Holmes, Jnd Png Chem 1021, IB. 1181; 
Holme* and Clough. Oil and Fat lud 1027.4,403; Endcrand Jcrmstad, l’liarm Zcntrntli 1030,71,103 

* Brit. Phann , 1930 Addendum to H P. 1932 ; United State* 1'hanu XI, 1930. In pharmacy, cod User oil 
ll known as Oleum M orrhuat or ** Oleum Jetoru aiilli.'' 

* Jtrummnnd and DJJJJlrh, Empire .Marketing Board 35 / 1 0301, pp. 43-48; oils from (a) Norway, 
(6) Scotland, (r) Newfoundland and Iceland; Id) oils from east coast of N. America, Holmes and Ptgott, 1ml 
Eng Chem. 1026, 18, 188 ; Oil and Boap, 1930. 13, 225. 

4 X Ever* and Smith, Quart. J. Pliarm 1932,6,337. .... 

1 X Kauai, J. 1'bflrm. Hoc. Japan, 1933, 63, No 10, 183 ; the figures shown are range values for a number of 
oil* prepared from selected groups of fish ; the figure* In brackets show the range* for specimen* of oil produced 
commercially, Cf Hlro»c, J. hoc. Chem lnd Japan, IDtO, 33. 17211 The oil content of Individual liver* of 
*• madars ** ranged from 10-05%. “ Buketo-dara " liver oil show* a illghtly lower sp gr. (O 0210-0 0291) and 
lower Iodine valuo (130-161) than “ madara ’* liver oil (Kawal, I e > 

* lor Oleum itorrhune non -dettearina turn (i t. the entire oil), the United States pharmscopccia, XI allow* 
the Iodine value to he between 125 and 180 . 


The non-freezing oils have, as would bo 
expected, somewhat higher iodine values and 
refractive indices than the crude oils from 
which they have been derived (<•/. Holmes and 
Pigott, fc. ; Kawai, Ic , 1033), but the differ- 
ences he within the range of variation shown by 
the crude oils. There is no significant difference 
in vitamin contents between correspond- 
ing specimens of crude and non-congealing 

The acid value of the best oils is frequently less 
than 0 5; the second quality of oil for animal 


consumption is only slightly inferior fo the 
pharmacopceial oils, but usually possesses a 
stronger fishy taste and slightly darker colour, 
the acid value may be aa much as 2 (</. proposed 
specification for veterinary cod liver oil, 
Drummond and Hdditch, l e. ; for review of the 
literature on the use of cod-lner oil In animal 
feeding, tee J. R. Manning. U.8. Bur. Fisheries, 
Doe. No. 1065, 1029, p. 333). The technical 
cod oils have lower iodine values, depending upon 
the amount of oxidation tbo Oil has suffered, 
and high free acidities. The following figure* 
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(due to Holmes, Clough and Owen, Oil and Fat 
Ind. 1929, 6, (No. 10), 15) for twenty oils of 
various grades, including sun-rotted oils, are 
illustrative : sp.gr. 0-9193-0-9266 at 25°, 
1-480-1-483, saponification value 184-194'5, 
iodine value 146-3-168-6, unsaponifiable matter 
l-2-2-8%, free fatty acids 7-20-2%. Somewhat 
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higher percentages of unsaponifiable matter 
may bo found in coast cod oils. 

The approximate quantitative composition 
of the fatty acids of cod-liver oil is indicated in 
Table II, in which the corresponding figures for 
some allied and closely similar.fish-liver oils are 
included for comparison : 


Table II. 


Percentage Composition op Fatty Acids or Fish Liver Oils 


(Guha, Hilditch and Lovem, Biochem. J. 1930, 24, 266 ; cf. Drummond and Hilditch, l.c.) 


Fatty acids. 



Liver oils. 



No. of carbon atoms per mol. 

Cod. 

Saithc. 

Hake. 

Ling. 

• Saturated Acids. 

(a) 1 

% 

(4) 2 

% 

% 

% 

% 

C I4 

3-5-6 

2 

6-5 

4-5-7 

5 

c 16 

6-5-10 

14 

12-13 

11-13 

13 

C 18 

0-0-5 

1 

0-0-5 

0-5 

1 

Unsalurated Acids. 






C 14 (— 2H) 

0-0-5 

2 

trace 

trace 

trace 

C 10 (— 2H) 

16-20 

10 

9-5-14-5 

8-17 

13 

C 18 (-3H) 

25^31 

26 

29-5-31 

18-34 

32-5 

C 2 0 f 

26-31-5 

25 

24-5-26-5 

25-31 

24 

(2=5-6) 

(i=5-5) 

(*=5) 

(a:=4-5) 

(2 = 6) 

C 22 (-*H) 

10-14 

20 

10-16-5 

14-16 

11-5 

(i=7) 

II 

(x=7) 

(2=6) 

(2=7) 

C M (-*H) 

? 

<1 

? 

? 

? 


(x=i) 





Figures in brackets denote average unsaturation of each fraction, e.ff. ( — 2H) denotes one double bond ; 
( — 3H), a mixture of perhaps mono- and di-ethenoid acids, averaging one and a half double bonds. 

J Eange of analyses of Scotch, Norwegian, and Newfoundland cod-liver oils. 

2 North Sea cod-liver oil: average unsaturation ofthe C, R unsaturated acids = — 3-3 H. Harperand Hilditch. 
J.S.C.I. 1937, 56, 322T. 


The saturated fatty acids (10-15% of the total | 
acids) consist chiefly of myristic and palmitic 
acids, with traces of stearic acid (Guha, Hilditch 
and Lovem, l.c.; Toyama, J. Soc. Chem. Ind. 
Japan, 1926, 29, 172B). The unsaturated acids 
include a large proportion of the mono- 
ethylenic zoomaric (/d 9:10 C I0 H 30 O 2 ), oleic 
(d^?C la H 34 0 2 ), gadokic (A 9 10 < J >C 20 H 38 O 2 ), and 
cetoleic (2l U:12 C 22 H 42 0 2 ) acids (H. Bull, Ber. 
1906, 39, 3570 ; Toyama, J. Soc. Chem. Ind. 
Japan, 1926,29,624; 1927,30, 154B, 155B ; 1934, 
37, 14B) ; myristoleic (C 14 H 26 0 2 ), and selacho- 
leic (d 151e C 24 H 40 O 2 ) acids are present in minor 
amount (Toyama and Tsuchiya, ibid. 1935, 38, 
684B). More highly unsaturated acids of the 
C 20 and C 22 series, including docosahexaenoic 
acid (C 22 H 32 0 2 ) (cf. Farmer and Van den 
Heuvel, J.C.S. 1938, 427), are also important 
constituents ; stearidonic acid (C le H 28 0 2 ) 
and arachidontc acid (C 20 H 32 O 2 ) have been 
identified by Suzuki (Proc. Imp. Acad. Tokyo, 
1929, 5, 165) and nisinic acid (C 21 H 36 0 2 ) 
by Toyama and Tsuchiya (J. Soc. Chem. Ind. 
Japan, 1934, 37, 531B). The “ jecoleic acid ” 
and “ therapic acid ” of the early investigators 
(cf. Heyerdahl, in F. P. Holler’s “ Cod Liver Oil 
and Chemistry,” 1895) were probably more or 
less impure preparations of gadoleic and steari- 
donic acids respectively. 

The older reports concerning the occurrence of 


lower saturated (volatile) fatty acids, such as 
acetic, butyric, and capric acids, as well as of 
organic bases in cod-liver oil were caused by the 
presence of decomposition products of the oil 
and liver tissue in the old “ rotted ” oils. 

The unsaponifiable matter of cod-liver and 
cod-oils amounts normally to 07-2-8%, 1 
although a much larger proportion has been 
reported in individual cases of the oils from 
single lean livers of old, large fish (cf. K. Kawai, 
J. Pharm. Soc. Japan, 1933, 53, No. 10, 183) ; 
as a rule, about half the unsaponifiable matter ; 
consists of cholesterol, the remainder com- 
prising the fat-soluble vitamins (see below), 
colouring matters, and other non-sterol con- 
stituents including squalene and batyl alcohol 
(Drummond, Channon, and Coward, Biochem. 
J. 1925, 19, 1047), one or two other unsaturated 
hydrocarbons, and, perhaps, other mono- and 
di-hydric (aliphatic) alcohols (Wiedemann, 
ibid. 1932, 26, 264 ; Kawakami, Bull. Inst. 
Phys.-Chem. Res. Tokyo, 1933, 12, 825, 834, 
845 (Abstr. 7, 8, 9, publ. with Sci. Papers 
I. P.-C. R. Tokyo, 1933, 22, No. 457-467). 

Cod-liver oil, even of unexceptionable quality, 
contains a small amount of iodine, of the order 

1 It is possible that some of the extreme differences 
reported in the literature may be attributable to the 
different methods employed to extract and determine 
the unsaponifiable matter (cf. S.F.A. Sub. Comm 
Kept., Analyst, 1933, 68, 203). 
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of 3-15 pts /million (rf. Hopfer de 1'Orme, 
Huff la nil's J. 1836 (April), p. 115; Heyerdahl, 
t C. ; Holmes and Remington, Amer. J. Dis. 
Children, 1935, 49, 94). The presence of traces 
of arsenic (from 1-4 to 5 I pts./milhon) m un- 
refined cod liver oil from fresh Leers has been 
reported by Holmes and Remington (Ind. Eng. 
Chem. 1934, 26, 573) and Luzanski (Tids 
Kjcmi, 1936, 16. 56). 

In common with other fish-beer oils, cod Leer 
oil pees a red violet coloration when con- 
centrated culphune acid is added to a solution 
of the oil in chloroform or carbon disulphide, 
the depth of the colour vanes with different 
oils, and appears to bo due to a condensation 
reaction of some minor constituent of the oil 
(hpochrome ’) associated with vitamin-A and 
analogous to the antimony tnchlonde colour 
reaction of the latter (c. infra ) (c/. Drummond 
and Watson, Analyst, 1922, 47, 341). With 
Japanese acid clay, a blue green coloration is 
developed (r/. Kobayashi, Mem. Fac Sci. Eng. 
Tokyo, 1927, 4, 23). These colour reactions 
may fail, however, with hydrogenated (hardened) 
Leer oils. 

A green colour reaction is observed when & 
solution of cod Leer (or other fish Leer) oil in 
glacial acetic acid is treated with a mixture of 
bromine and chloroform and iodine bromide 
(Hanus iodine solution) (Tortelh-Jaffe reaction . 
TortelL and Jaffe, Chem -Ztg 1915. 39, 14, 
t f. Better and Szimkin, Fettchem. L'mschau, 
1934, 41, 225). 

Although cod Leer oil seems to have been 
belli in esteem as a domestic remedy for many 
centuries among the inhabitants of the northern 
coasts, its systematic use in the treatment of 
bone disorders, tuberculosis, and conditions of 
malnutrition appears to date from the successful 
clinical trials made at Manchester in the second 
half of the eighteenth century by Dr. Kay and 
his colleagues (r/. T. Percival, Medical Essays, 
1789, II, 354), and despite the nauseous 
character of the oils available at that time, the 
popularity of cod liver oil as a remedy steadily 
increased through the nineteenth century. 
The extensive modem use of cod Leer oil in the 
prophylaxis and cure of rickets and other 
conditions associated with defective calcium 
metabolism is now so well known as to be a 
commonplace. The remarkable therapeutic 
properties of the oil, which have been variously 
ascribed to the presence of organic bases, to 
the presence of traces of iodine, and to the 
specific natures of the highly unsaturated acids 
which compose the bulk, of the gljcendcs of the 
oil, are now attributed primarily to the presence, 
in comparatively high concentration, of the fat- 
soluble vitamins-/! and -D ( cf . Osborne and 
MendeL J. lliol. Chem. 1914, 17. 401 ; Drum- 
mond, Biocbcm. J. 1919, 13. 81). (It may be 
noted, however, that cod bvrr oil has recently 
attracted renewed attention as a source of 
combined iodine in the treatment of certain 
deficiency condition*, < f. Chidester and other*, 
Nature, 1932, 130, 544; Science, 1932, 76, 
436 ) 

The vitamin-/! activity of cod bver oil results 
from the occurrence In the oil of the actual 
Vitamin-/! Itself (as distinct from a precursor 


thereof, each as carotene), which is present to the 
extent of some 100-500 pts /million, chiefly in 
esterified form (Bacharach and Smith, Quart. J. 
Pharm. 1928, 1, 539; Reti, Compt. rend. Soc. 
biol. 1935, 120, 577 ; Hickman, Nature, 1936, 
133, 881; Ind. Eng Chem. 1937, 29, 1107; 
Hamano, Set. Papers Inst. Phys.-Chcm. Res. 
Tokyo, 1937, 32, 44). Its presence is indicated 
by a maximum at A=328 m/i in the absorption 
spectrum of the oil or of the unsapomfiable 
fraction therefrom (K. Takab&shi, tl at. J. Chem. 
Soc. Japan, 1922, 43, 826; 1923. 44, 590; 
Sci. Papers Inst. Phys -Chem Res. Tokyo, 
1925, 3, 81 , Heilbron et a! Biochem. J. 1928, 
22. 987 ; 1931, 25, 20 ; J.S.C I. 1031, 50. 183T), 
the intensity of which affords an approximately 
quantitative measure of the vitamin-content 
of the oil (r/. Coward, Dyer and Morton, Bio- 
chem. J. 1932, 26, 1593; Carr and Jewell, 
Nature, 1933, 132, 92 ; Gillam, Heilbron, 
Morton, Bishop and Drummond, Biochem J. 
1933, 27, 878, Booth, Kon, Dann and Moore. 
ibid. 1189; Baumann and Steenbock, J. Biol 
Chem. 1933, 101, 547 ; Chevalbcr and Chabre, 
Biochem J 1933, 27, 298 , Jones and Christian- 
sen, J. Amer Pharm. Assoc 1035, 24, 1072). 
This teat (the examination being conducted 
on a solution of the unsapomfiable matter) 
was recommended as a method of vitamin A 
assay by the Second International Conference 
on Vitamin Standardisation (1934), and has 
been admitted as a subsidiary test in the 
1936 Addendum (Appendix 14') to the “ British 
Pharmacopoeia ” of 1032, where it la regarded 
as giving a trustworthy indication of the 
vitamin-/! content of cod liver oiLs which con- 
form in all other respects to the requirements 
of the *• British Pharmacopoeia ” (As there may 
be other substance*, however, which show a 
similar absorption in the region of A=328m/i, 
the test may be inapplicable to certain vitamin 
preparations, etc, and the “British Pharma- 
copoeia " Addendum presmbeathat, m the event 
of any discrepancy between the results of the 
vitamin-/! assay by the spectrophotometnc 
method and by the biological method, the value 
as determined by the latter method should be 
accepted ) 

The presence of vitamin->4 is also revealed 
by the blue colour (absorption maxima at A*= 
572-584 and 617 mp), which is obtained on 
treating a solution of the oil in chloroform 
with antimony tnchlonde (Carr-Pnce reagent, 
Biochem J. 1920, 20, 497; rf Analyst, 1931,56, 
457; 1932,57,302; “Brtish Pharmacopoeia," 
1932). The intensity of the coloration (which may 
be measured sped rophoto metrically, or by means 
of a rolonmetcr under standard conditions) 
runs roughly parallel to the vitamin activity of 
the oil as measured by biological methods, 
but several instances of discrepancy have been 
noted, which may be due to the presence of 
inhibitors in the oil, or perhaps to the presence 
of an allied but biologically inactive chromogen 
{rf. O. Rvgh, Bull. Soc. Chim. biol. 1931. 16, 
CO 9; EncJer, Biochem. J. 1932, 26. 1118; 
Lovem and others, ibid. 1031. 25. 1341). 
Better correlation is obtained If the colour 
tc*t tv performed on a solution of the unsaponi- 
fiable fraction from the o3 (f/- Smith and 
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Hazley, Biochem. J. 1930, 24, 1942 ; Church 
and Norris, J. Biol, Chem. 1930, 87, 139 ; 
Coward and others, Biochem. J. 1931, 25, 1102; 
Analyst, 1932, 57, 368 ; Emmerie, Nature, 
1933,131,364; 1935,136,183). (Itmaybenoted, 
however, that this colour test, which figured in 
the 1932 edition of the “British Pharma- 
eopceia ” has been discarded in the 1936 Adden- 
dum in favour of the spectrophotometric test.) 
For further details concerning these tests, and of 
the biological assay of vitamin-A, see “British 
Pharmacopoeia” Addendum, 1936. An interest- 
ing modification of the Carr-Price test, in which 
a less fugitive violet colour (A Iimr .=545 and 
475 mp) is obtained by the uso of guaiacol as 
reagent, is described by E. Rosenthal and Erdelyi 
(Biochem. Z. 1933, 267, 119 ; 1934, 271, 414; 
Biochem. J. 1935, 29, 2112; Rosenthal and 
Weltner, ibid. 1935, 29, 1036). 

The vitarain-A activity of cod-liver oil varies 
within wide limits according to the age and 
sexual condition of the fish, its place of origin, 
and its food; cases of oils containing from 210 
to 3,400 International Units (I.U.) per gram 
are reported by Chevallicr (Ann. Chim. Analyt. 
1936, (iii), 18, 93 ; cf. Chahre, Thesis, Paris, 
1936 ; cf. K. Kawai, J. Pharm. Soc. Japan, 1932, 
52, No. 10, 95 ; No. 12, 169) ; the“ British Phar- 
macopafia ” Addendum (1936) and the “United 
States Pharmacopoeia,” XI (1936), impose a 
minimalrequirementof 600 I.U. per g.ofoil. The 
figures of Chevallicr and Chahre, like thoso of 
Drummond and Hilditch (E.M.B., No. 35, l.c.) 
support the view that, on the whole, the oils 
from Newfoundland and Iceland are richer in 
vitamin-A than the Norwegian oils. On the 
other hand, the Norwegian (Lofoten) oils appear 
to bo richer in vitamin-D (cf. Poulsson, Nord. 
Med. Tidsk. 1933, 6, 886; Amer. J. Pharm. 
1934, 106, 102). The vitamin-D content of cod- 
liver oil also varies considerably, and is quite 
independent of the amount of vitamin-A present 
(cf. Coward, Dyer and Morgan, Analyst, 1932, 
57, 368; van Esveld, Nederl. Tijds. Geneesk. 
1935, 79, 2924; Kawai, J. Pharm. Soc. Japan, 
1934, 54, No. 5, 87). On the whole, the less 
the oil content of the cod liver; the greater 
is the concentration of vitamin-D in other 
words, the depletion of the fat reserves in the 
liver during spawning, fasting, or ageing of the 
cod-fish is not accompanied by a corresponding 
drain on the store of vitamin-D (cf. Poulsson, 
l.c. ; Kawai, l.c., 1934). 

According to K. Kawai (l.c.) the same tendency 
is observable in the case of vitamin-A and the 
blue (Carr-Price) chromogen, very high potencies, 
and especially high blue-values, being observed 
in the case of oils from livers which, owing to 
the age or condition of the cod, were very poor in 
oil. 

Before the anti-rachitic principle (vitamin-D) 
of cod-liver oil had been isolated it became 
clear from biological comparison of the relative 
therapeutic efficiencies in tests with different 
animals (rats and chicks) that the active agent in 
cod-liver oil was not identical with calciferol 
(vitamin-D 2 ), obtained by the irradiation of 
crgosterol (cf. Massengalc and Nussmeicr, 
J. Biol. Chem. 1930, 87, 415, 423; Stcenbock 
and others, ibid. 1932, 97, 249 ; Russell, Taylor, 


and Wilcox, ibid. 1934, 107, 735; J. Nutrition, 
1935, 9, 569; Bills, J. Biol. Chem. 1935, 108, 
323) ; and it has recently been shown by 
Zucker, Simons, Colman and Demarest (Natur- 
wiss. 1938, 26, 11) that the vitamin-D of 
cod-liver oil, like the vitamin-D which has been 
isolated (via the dinitrobenzoate) from tunny- 
liver and halibut-liver oils (Brockmann, Z. 
physiol. Chem. 1936, 241, 104; 1937, 245, 96; 
cf. Simons and Zucker, J. Amer. Chem. Soc. 
1936, 58, 2655), is in ah probability identical with 
“ vilamin-D 3 ” prepared artificially by the 
irradiation of 7-dehydrocholesteroI (Windaus, 
Schenk, and Wcrder, Z. physiol. Chem. 1936, 
241, 100; Grab., ibid. 1936, 243, 63; Folberth, 
Z. • linderheilk. 1937, 59, 329). Vitamin- 

D 3 has been obtained in the crystalline Btate 
(Schenck, Naturwiss. 1937, 25, 159) and it has 
been shown that, despite the difference in the 
chemical constitution (the side-chain of the 
molecule), vitamin-D 3 has the same antirachitic 
potency (40 million I.U. per g.) as calciferol 
when tested on rats (International method). 
Like the rat, the human subject appears to be 
equally sensitive to both forms of vitamin-D, 
that is to Bay, the administration of an equal 
number of units (as measured by the usual 
tests with rats) of calciferol, vitamin- D 3 , or cod- 
liver (or other active fish-liver) oil produces 
quantitatively the same therapeutic effect (cf 
Eliot, Nelson, Barnes, Browne and Jenss, 
J. Pediatrics, 1936, 9, 355, 761). The chick, on 
the other hand, discriminates between the 
different vitamins, for, whilst it readily utilizes 
vitamin-D 3 or the cod-liver oil vitamin, it is 
most inefficient in its use of calciferol, so that 
some fifty times as many (rat-)units (I.U.) of 
calciferol are needed to evoke the same response 
as any given number of units of cod-liver oil or 
vitamin-D 3 . The possibility that more than 
one form of vitamin-D may occur in fish- 
liver oils is mooted by Bills, el al. J. Amer. Med. 
Assoc. 1937, 108, 13; J. Nutrition, 1937, 13, 
435). 

The vitamin-D of cod -liver oil appears to be 
present partly in the free state and partly as 
esters (Hickman, Nature, 1936, 138, 881; Ind. 
Eng. Chem. 1937, 29, 1107). The amount in the 
oil is probably of the order of 2-8 parts per 
million, but up to the present only biological 
methods of comparing the potencies of different 
oils have been adopted (cf. suggested method in 
“British Pharmacopreia ” Addendum, 1936, 
Appendix XV, also article Vitamin-D) ; both the 
“British Pharmacopoeia” Addendum and the 
“United States Pharmacopoeia ” (1936) require 
a minimum potency of 85 I.U. per g. of oil. A 
photometric method for the assay of vitamin-D, 
which has been proposed by L. Fuchs and Beck 
(Pharm. Presse, Wiss.-Prakt. Heft, 1933, 38, 81, 
93) requires further investigation. 

The origin of the vitamins in cod-liver oil — 
whether they are merely ingested as such with 
the food of the fish and stored in the liver, or 
what part, if any, is played by the fish in the 
synthesis of either vitamin — is still obscure, and 
reference may be made to the following memoirs 
for further discussion of this issue ; Drummond, 
Biochem. J. 1922, 16, 518 ; Bills, J. Biol. Chem. 
1927, 72, 751 ; Wimpenny, Sci. Rep. Fisheries 
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Invest. Ser. 2, vol. II, No. 5, 1929, London; 
Drummond, Nature, 1930. 123, 398; Gunther, 
Collin, Drummond and Hdditch J. Expt. Biol. 
1934, 11, No. 2, 173; Copping, Biochem. J, 
1934, 28, 1516. 

The statements of Taylor and Nelson (Taylor, 
Iowa State Coll. J. 6a. 1931, 5, No. 4, 355; 
Nelson, Ind. Eng. Chem. 1927, 19, 840) that cod- 
hver oil also displays vitamin-£ activity is 
contrary to the observations of Sure (J. Biol. 
Chem. 1927, 74, 37, etc.) and require confirma- 
tion, especially since cod-hver oil figures as a 
regular constituent of satisfactory vitamm-i?- 
free diete for experimental work {Bachsrach, 
private comm ). 

According to Waterman and van Dijk (Proc. 
K. Akad. YYetensch. Amsterdam, 1931, 34, 
1200), cod-hver oil may bo hydrogenated at 
low temperatures under controlled conditions 
without impairing the vitamin activity. 

Whilst cod-hver oil itself is still largely used 
in medicine, its place has to some extent 
been taken by other fish-liver oils, 1 such as 
halibut-liver oils which have a much greater 
vitamin content and require a correspondingly 
smaller iloBage, or by more palatable con- 
centrates of the vitamins extracted from the 
oil. Various processes for the extraction 
of the unsapomfiable matter from cod-hver oil 
for this purpose have been patented; further, 
high-vacuum short path distillation (“ molecular 
distillation ”) of the oil has been proposed for 
tho separation of the active principles (ef. 
Waterman, van Dijk, and Imperial Chemical 
Industries, B P, 452442 ; Hickman and East- 
man Kodak Co , U.S P. 1925559). 

Concerning the alleged toxic effects of the 
administration of cod liver oil, rf. Agduhr, Z. 
Vitaminforsch 1934, 3, 09 ; UpHola LAkarc- 
foren Forh. 1933-4, 39. 307, 1034-5, 40, 183; 
Noma and Church, J. Biol. Chem. 1930, 89, 437 ; 
W. M. Cox, Jr , and Roos, Bull. Johns Hopkins 
Hosp. 1934, 44, No 6, 430; Bell, Gregory and 
Drummond, Z Vitaminforsch 1933, 2, 161; 
Thatcher, Lancet, 1930, 230, 20 , L. L. Madsen, 
el al. Cornell Univ. Agnc. Exp. Stat. Mem. 
1035, No. 17S ; Bunwk and Zimmerman, 
J. Nutrition. 1937. 14, 535. 

Concerning the use of cod liver oil as a healing 
dressing for bums and other wounds, see XV. 
L6hr, Zentr. Chirurgie, 1934, 61, 1680; rf. 
Lancet, 1934, 227. 367 . Steel, tbtd. 1935, 229, 
200 ; Stevenson, t6u£. 1376. 

Modem methods in the preparation of cod- 
hver oil emulsions are described by Rolhen- 
kirehen (Pharm.-Ztg. 1034, 79, 804). (Concern 
ing the stability of vitamin-A in cod liver oil 
emulsions, tec Griffiths, Hilditch and Rae, 
Analyst, 1933, 68, 65). 

Preparations of tho soaps of tho fatty acids 
{•• British Pharmaceutical Codex”), or of the 
unsaturated acids only, of cod liver oil are i 

l Vitamin active Ih rr oils are also obtained from 
the burbot (Lett *p ), a fresh- water flah allied to the 
codfe/.heiwn.ToUo and Jamleaon, IJ.S Hur ilshcrW, 
1 meat I gat lonal Kept . h o I A 1032 : Poulsson, >or«lc 
Mae Laegevldenskap. 1031, 92. 125), am) the tunny 
munnua tfyniUtf M. the latter oil being especially 
rich in vitamin D ( <7 brockmsim, !r : Schnddt- 
Melsen, Kgt. >orake Mdenakab. Sclak Korh. 1030, 3, 
407). 


in medicine (as a sclerosing agent in, for example, 
the treatment of varicose veins) under the name 
of sodium monhuait (e/. Haines, Lancet, 1933, 


(The author is indebted toMr. A. L. Bachsrach, 
M.A., F.I.C., of tho Glaxo Laboratories, Ltd., 
for helpful criticism and suggestions in con- 
nection with this article.) 

EL. 

CtELESTINE. A mineral, SrSO <t a source 
of strontium. 

CCELINBLAU, CCERULEUM e. Blue 
Cerulean; v . Cobalt. 

CCER KLEIN, Anthracene green ( v , Ali- 
zarin and Allied DrESTurrs. 

CO-ENZYMES, CO-ZYMASE. Following 
Buchner’s famous discovery of an agent in tho 
filtered liquid contonta of j-east cells, capable of 
fermenting sugar solutions in tho absence of 
living cells. Harden and Young (Proc. Chem. 
Soc. 1905, 21, 189) discovered that this agent 
could be separated by ultra filtration into a ther- 
mostable dialysable part — the co zymase— and 
a thermolabilo non-dtalysable part — now called 
apozymase. The addition of the boiled dialysate 
to the inactive apozymase restored its activity. 
This was in part due to the presence of inorganic 
phosphates and in part to an organic substance. 
In fact, Buchner’s zymase is a mixture of many 
enzymes and tho process of alcoholic fermenta- 
tion is a complicated series of reactions which 
have only recently been elucidated by Embden 
and by Meyerhof. 

In brief, tho sugar is phosphorylated before 
being decomposed, tho primary product of 
decomposition being the phosphoric ester of a 
tnose, probably glyccraldebydo, which by dis- 
mutation gives nso to a mixture of phospho- 
glyeenc acid and phosphoglycenne. 

In tho next stage the glyceric acid passes by 
loss of water under the mflueneo of on enzyme 
into pbosphopyruvic acid At this atago the 
co enzytno comes into action combining with the 
phosphoric acid group and forming free pyruvic 
acid The labile co-enzyme-phosphate then 
reacts with glucoso to form hexosophosphate 
and regenerated co enzyme. The pyruvic acid 
is decomposed by carboxylase to acetaldehyde 
and carbon dioxide, the former being subse- 
quently reduced to ethyl alcohol. Tho co- 
zymaso has been identified as a complex diphos- 
phodinucleotide containing nicotinic acid (pyn- 
dmcrarboxyamidc) and adenine. 

In the voluntary and heart muscles, a some- 
what similar senes of changes takes place, the 
essential difference being that the pyruvic acid 
is reduced to lactic acid. The co-enzymo is 
adenylic acid, tho system being 

adenyl pyrophosphate 

s — ► adenosine diphosphate 

■» — * adenosmc-5 phosphate 

(Meyerhof and Kiessling, Biochem Z. 1935, 283, 
63 ; Lohmann and Schuster, ibid. 1935, 282, 
104). 

Adenylic acid was found to be a nboside-5- 
phosphonc acid of adenino by Embden and 
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Schmidt (Z. physiol. Chem. 1929, 181, 130) ; 
Levetie and Jacobs (Ber. 1911, 44, 740); and 
Levene and Stiller (J. Biol. Chem. 1934, 104, 
299). Gulland and Holiday (J.C.S. 1930, 705) 
established its formula as adenine-9-riboside-5- 
phosphoric acid, 

N=C-NH 2 

CH C-N. 

II II >CH 

N-C-N^—- CH[CH0H] 2 -CHCH 2 P0 3 H 2 

I o 1 

Thus the co-enzymes of alcoholic fermentation, 
of lactic acid dehydrogenase, of muscle and of 
Warburg’s (Biochem. Z. 1935, 282, 1, 157) 
oxidation system are all closely related or 
identical (Adler, Euler, and Hellstrom, Nature, 
Dec. 5th, 1936, p. 968). 

Co-zymase is widely present in yeasts, in 
muscle, in various animal organs and tissues, 
particularly the liver, and in certain bacteria. 
It is rare in the higher plants and absent from 
certain races of bacteria, in which another 
form of sugar degradation must take place 
(Myrback and Euler, Ber. 1925, 57, 1073 ; 
Virtanen and Simola, Z. physiol. Chem. 1927, 
163, 284). 

It is obtained as a colourless, easily soluble 
powder (a recent summary' relating to co-zymase 
is given by Myrbiick, Ergebnisse der Enzym- 
forschung, 1933, 2, 139-168). 

There is evidence afforded by purification by 
means of copper (Euler, Albers and Schlenk, 
Z. physiol. Chem. 1935, 234, 1) or by heating 
(Euler and Vestin, Z. physiol. Chem. 1935, 237, 
1) that co-zymase is a molecule possessing groups 
whose powers of activating enzymic reactions 
are independent of each other. Andersson (Z. 
physiol. Chem. 1935, 235, 217) concludes that the 
substance has two independent reaction centres, 
one in an adenylic acid grouping concerned with 
phosphorylation and the other with oxidation 1 
reduction. 

E. F. A. 

COFFEE. The beverage known as “ coffee ” 
is prepared by infusion of the beans or seeds of 
CoJfea arabica, an evergreen shrub indigenous 
to North East Africa and Arabia. The use of 
coffee orginated in Abyssinia, whence it was 
introduced into the neighbouring Mohammedan 
countries, its physiological action in promoting 
sleeplessness being regarded as of advantage to 
thoso attending the prolonged religious cere- 
monies. In spite of objections by the priests 
on the ground that it was an intoxicating 
beverage, its popularity became firmly estab- 
lished there and has continued. The use of 
coffee was extended through Europe during the 
first half of the seventeenth century and in 
1652 it was introduced into England. Here it 
rapidly attained popular favour and during the 
following two centuries “ coffee houses ” played 
an important part in the social life of English 
cities. In 1847 the importation of coffee 
reached a maximum of nearly 17,000 tons, but 
Bmco then it has declined, owing, no doubt, to 
the greatly increased use of tea and also, in 
some measure, to the introduction of coffee sub- 


stitutes. For the past decade the clearances for 
home consumption have been as follows : 


Year 

Clearances, 

(ended 31st March). 

tons. 

1926-1927 . . 

.... 15,981 

1927-1928 . . 

.... 15,897 

1928-1929 . . 

.... 15,453 

1929-1930 . . 

.... 15,306 

1930-1931 . . 

. . . 16,709 

1931-1932 . . 

.... 16,340 

1932-1933 . . 

.... 15,521 

1933-1934 . . 

.... 14,782 

1934-1935 . . 

.... 14,763 

1935-1936 . . 

.... 15,052 


These quantities may be compared with the 
importations into the United States, which are 
over 700,000 tons per annum. 

The importations into the United Kingdom 
are almost equally from Empire and non- 
Empire sources, although since 1933 the balance 
has been slightly in favour of the former, which 
in 1935-1936 reached nearly 53% of the 
total. This trend in favour of the Empire 
products (which are chiefly from British East 
Africa and India) is probably due to in- 
creased imperial preference under the Ottawa 
agreement. 

The coffee tree belongs to the natural order 
Cinchonacem which embraces, according to 
Lindley and Paxton, two species, C. arabica and 
C. paniculata, but some botanists distinguish 
many other species. Four commercial types 
distinct from each other are now grown : 
(1 ) Arabian orMocha coffee, having short, upright 
branches with a brittle leaf, and seeds usually 
single in the berries. (2) Jamaica coffee, bearing 
longer and more pliable branches, a tougher leaf, 
and seeds almost always double in the berries. 
(3) East India or Bengal coffee, of which the 
leaf is smaller than that of the Jamaica variety 
and the berry very small. (4) Liberian coffee is 
taller and has larger leaves and fruit than the 
other varieties, but, owing to its coarse flavour, 
it was not until recently of much commercial 
use. It has, however, now attained importance, 
on account of its hardy habit and power of 
resistance to disease, and is largely cultivated by 
grafting on to its stem the more delicate and 
highly esteemed Arabian coffee. Trees growing 
wild in the Cingalese jungle attain a height of 
14 — 18 ft., but, under cultivation and subjection 
to systematic pruning, the plant rarely exceeds 
9 ft. and is usually less. 

Production. — Within the tropics the coffee 
tree thrives best at 1,200-3,000 ft. above sea 
level, but grows at a height of 6,000 ft. When 
the mean temperature is about 70° it may grow 
as far north as latitude 36°. It is cultivated in 
the West Indies, Mexico, Central America, 
Brazil and Cayenne ; in Western Africa, Egypt, 
Mozambique and Natal ; in Arabia, India, 
Ceylon, Siam, Sumatra, Java, Celebes and other 
parts of the Eastern Archipelago, Fiji and the 
islands of the Pacific. According to data ex- 
tracted from the “ International Year Book of 
Agricultural Statistics ” the total world pro- 
duction of coffee for the years 1930-1935 was as 
follows. 
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Production 
(thousands of ton*). 

. 2,365 
. 2.035 
. 2,330 
. 2,472 
. 2,078 


Of these totals Brazil produced, on the average, 
about 67%. Brazil is also the greatest exporter 
of coffee, a preponderance clearly demonstrated 
by the following data published by the Brazilian 
Government: 


Exports from Brazil — 

To Europe ... 353 344 368 337 

To United States . 483 490 489 470 

To southern ports .63 64 75 80 

Exports from other 
countries — ■ 

To Europe ... 263 294 271 323 

To United States . 220 205 244 278 

Although the exportation from Brazil has shown 
little variation, the production is restricted by the 
fact that the trees, after a year of heavy crops, 
require a season to recuperate. For commercial 
reasons much of the coffee produced in Brazil 
ha# been withheld from the market and to the 
end of 1935 over 2 million tons had been 
destroyed. According to data published by the 
Empire Marketing Board in 1932 the area under 
cultivation in the British Empire was about 
368,000 acres compared with about 10,000,000 
acres in foreign countries, whilst of the total world 
exportation 3% was from Empire countries. 

Cot.ttvaTIOn —The method of forming planta- 
tions vanes somewhat in different countries 
The surface soil should be good and the subsod 
not very heavy Trobably the best soil is that 
known w Brazil as “ terra roxa,” a top sod of 
red clay 3 or 4 ft, thick with a subsoil of gravel 
Virgin forest land is as a rule found to be very 
suitable. The sod should not be very wet and 
steep slopes are unsuitable owing to rain wash 1 
Tho loss due to this cause may be repaired by 
good manure — well rotted dung and ground | 
bones being tho best. According to Bcckley I 
(Kenya Colony Dept. Agric. Bull. 1932, 10) 
ground rock phosphate and bone meal form the 
most effective fertiliser. Shelter from wind » 
most important. The young plants may be 
reared from seeds in nurseries, whence they 
are transplanted to their permanent position, 
or they may be gathered out of the old planta* 
tions. The age at which this is done vanes. 
Thus in Brazil transplanting usually takes place 
when the plants arc 2 years old, whilst in the 
West Indies the plants are about 6 months old. 
Fruit is produced in the fourth year and con- 
tinues to be gathered for several years. The 
tree blossoms and bears fruit practically all 
the year round and the fruit takes about four 
months to ripen. There is thus in some cases an 
almost perpetual crop, but. as a rule, there are 
two principal han est seasons in tho year. Leaf 
and berry fall, caused by disease, has been the 
subject of considerable investigation, par- 
ticularly in Kenya (Dept. Agnc. Bull. 1932. 17, 
20 ; 1934, 3). The conclusions indicate that 


there is no relation between the incidence of 
the disease and the chemical composition of the 
soil, and the addition of lime and fertilisers does 
not protect trees predisposed to attack. Whilst 
it is stated that Bordeaux mixture is not in itself 
a satisfactory remedy, certain modifications of 
the mixture are suggested which will prevent 
germination of the fungus spores. According 
to Sladden (Bull. Agric Congo Beige, 1932, 23, 
329) infection of the harvested bean with 
Stepfianderea hampti can be corrected by fumi- 
gation with turpentine, which does not injure 
the germinative pow er of the beans. Layers of 
the beans are alternated with layers of cotton 
cloth soaked with 1 ml. of turpentine per 
100 sq cm. and allowed to stand in hermetically 
sealed containers for 3 days at 26°C. 

The coffee fruit consists of a bdobed berry 
somewhat resembling a small elongated cherry, 
by which term it is described commercially. 
As the fruit ripens the fleshy pericarp changes 
colour from green through yellow and red to a 
deep crimson When dried, it blackens and 
becomes hard and brittle, resembling a shell or 
husk. Beneath the skin of the pericarp is a 
saccharine and somewhat glutinous pulp con- 
taining the seeds, which are usually double, 
lying face to face, but sometimes "occurring 
singly Each seed ot bean is enclosed in two 
membranous coverings — an outer, 'onsistmg 
of tough buff-coloured tissue, technically known 
as “ parchment," which becomes loose and 
readily separates on drying ; and an inner film 
of tbm white tissue, closely adherent to the bean, 
and known as the silver skin. 

Harvesting —The principal methods in 
vogue for gathering and preparing the coffeo 
berries for commerce are as follows. In Arabia, 
Egypt, and the Antilles the berry is left on tho 
tree tiU completely dried, when it is easily shaken 
down and the dry outer envelope and tho 
“ parchment ” removed by pounding in a 
mortar, beating with a flail, or simply rubbing 
in the hands In other countries the berries 
are gathered by hand as soon as npo but not 
dry and are spread out on the ground in layers 
from 4 to C in. deep. These are exposed to the 
aun’a heat for 3 or 4 weeks with frequent 
turnings with a spade, when the bean becomes 
easily removable from tho fruit by gentle tri- 
turation. This process, however, sometimes 
imparts to the coffee a disagreeable flavour due 
to putrefactive changes in the pulp, and reeourso 
is therefore frequently had to artificial heat. 
The most modern method is to “ pulp " the 
bemes by crushing between rollers so as not to 
injure the beans, which are then subjected to a 
fermenting process in tanka, with or without 
the addition of water, after which they are 
separated from the pulp by " washing ” and 
dried, either by tho sun or by artificial means. 
Coffee beans m the form of “ cherry ” rarely 
enter into commerce but frequently retain tho 
parchment and inner skin, which, however, are 
removed by rolling and winnowing before the 
beans are roasted. The beans are then graded 
into different sizes by special machinery which 
also separates the round, or “ pca-Lemes," from 
the ordinary flat faced beans The following 
table will indicate the variations in size : 
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Fine brown Java 

No. of seeds in 
approx. 50 ml. 
187 

Fine Mysore .... 

198 

Fine Neilgherry 

203 

Costa Rica 

203 

Good ordinary gautemala . 

207 

Good La Guayra 

210 , 

Good average Santos . 

213 

Fine long berry Mocha . 

217 

Good ordinary Java 

223 

Fine Ceylon plantation . 

225 

Good average Rio . 

236 

Medium plantation (Ceylon) 

238 

Manila 

248 

Ordinary Mocha 

270 

West African .... 

313 


Roasting. — The object of roasting coffee is 
to develop its aroma and to destroy its toughness 
so that it may easily be reduced to powder. 
The process is conducted in cylinders heated 
by coke fires or gas. The cylinders are usually 
made of strong wire gauze to permit the escape 
of steam and other volatile products im- 
mediately they are formed. Great care is 
necessary to ensure an equable roasting of all 
the beans and to attain the exact point at which 
the process should cease. If, on the one hand, 
the process is not carried far enough, the flavour 
of the bean is not developed and the coffee is 
hard to grind. On the other hand, overheating 
causes carbonisation and the production of a 
strong empyreumatic flavour, which renders the 
coffee infusion nauseous. The loss in weight is 
from 15 to 18%, of which approximately one halt 
is due to moisture and the rest chiefly to volatile 
products derived from the fat and from the 
sugar during caramelisation. A certain small 
amount of caffeine is also lost. At the same 
time an oily substance caffeol (q.v.) is developed, 
which, although present only in very small 
proportion, imparts to roasted coffee much of its 
characteristic aroma. The most favourable 
temperature for developing the maximum aroma 
during roasting is a little above 200°C. After 
roasting it is most important that the beans 
should be cooled rapidly. This is effected by 
spreading them on a large sieve through the 
meshes of which they cannot pass, but through 
which air is forcibly drawn by means of a power- 
ful exhaust connected with a closed chamber 
immediately below the sieve. 

During the process of roasting various sub- 
stances are driven off. Bemheimer (Wien 
Akad. 1880, 81, (2), 1032) found that, after water 
vapour, there is a sudden evolution of carbon 
dioxide probably due to a process of destructive 
distillation accompanied by dehydration and 


polymerisation. Trigg (R.K.D. Bull. No. 3). 
In the interior of the. bean reducing 
conditions obtain whilst oxidation takes 
place on the exterior. Bemheimer (Monatsh. 
1880, 1, 456) found that 50 kg. of raw coffee 
beans roasted in a revolving drum yielded 
about 5 litres of liquid distillate with approxi- 
mately 680 g. of solid floating thereon. The 
filtered liquid was yellow in colour and had the 
fragrant odour of coffee. It was found to con- 
tain caffeine, caffeol, acetic acid, quinol, methyl- 
amine, and acetone. The solid portion was 
found to consist chiefly of palmitic acid. In 
contradiction to the above workers Hagen 
(Trop. Agric. 1922, 59, 269), whilst admitting 
that marked changes take place during normal 
roasting, considers that the constituents of the 
bean are not dissipated, there being a trans- 
formation into substances which contribute to 
the aroma of the roasted product. Erdmann 
(Ber. 1902, 35, 1846) attributed the aroma of 
roasted coffee to traces of acetic acid, furfural, 
valeric acid, an unstable nitrogenous compound, 
and a phenolic body resembling creosote, whilst 
.other workers have suggested that the main 
odoriferous principle is some unidentified nitro- 
gen compound. 

Deterioration after Roasting. — Since the 
essential oil rapidly escapes after the bean is 
broken up coffee should not be ground until 
required for infusion. Apart from this physical 
consideration, however, the bean undoubtedly 
gradually undergoes a process of deterioration 
due to chemical changes and known in the trade 
as “ staling.” Trigg (l.c.) suggests that this is 
due to hydrolysis and oxidation, causing altera- 
tion and volatilisation of the aromatic principles. 
Tunnett and Eddy (Food Ind. 1930,2,401) suggest 
that the taste of stale coffee is probably due to 
the oxidation of the oil. They found that stale- 
ness developed only slightly faster in ground 
than in unground coffee. Their work has been 
further developed by Bengis (Food Ind. 1935, 
7, 490), who states that roasted coffee contains 
about 15-16% of oil and fat, much of which is 
unsaturated. The oil extracted from freshly 
roasted coffee carries in it the aroma and flavour 
bearing substances which are easily oxidised. 
On the other hand, the oil extracted from stale 
coffee has a rancid, disagreeable flavour. It 
absorbs much less oxygen which, it is therefore 
suggested, plays an important part in the 
“ staling.” 

Chemical Composition. — Many investigators 
have published data relative to the chemical com- 
position of coffee. Levasic (Arch. Pharm. 
1876, [iii], 8, 294) found the following percentage 
values : 



Gummy 

matter. 

Caffeine. 

Pat. 

Tannic 

and 

Caffe* 

tannic 

acids. 

Cellu- 

lose. 

Ash. 

Potash. 

Phos- 

phoric 

acid. 

Finest Jamaica plantation 

25-3 

1-43 

14-76 

22-7 

33-8 

3-8 

1-87 

0-33 

Finest green Mocha 

22-6 

0-64 

21-79 

23-1 

29-9 

4-1 

2-13 

0-42 

Ceylon plantation . 

23-8 

1-53 

14-87 

20-9 

36-0 

.4-0 



0-27 

Washed Rio .... 

27-4 

1-14 

15-95 

20-9 

32-6 

4-5 



0-51 

Costa Rica 

20-6 

1-18 

21-12 

21-1 

33-0 

4-9 



0-46 

Malabar 

25-8 

0-88 

18-80 

20-7 

31-9 

4-3 



0-60 

East Indian .... 

24-4 

1-01 

17-00 

19-5 

36-4 


— 
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Coramaille (Mon. Sri. 1876, (3], 6, 779) found 
in undressed Mysore coffee : 

Fat 12 68 

Glucose 2 60 

Legumm-casein . . . 1*52 

Albumen 1 04 

Caffeine 042-131 

Ash 3 88 

Five different commercial types of Ceylon 
coffee gave the following results published by 
the Imperial Institute : 

Percentage 

Min Max Average 

Moisture ... 10 1 10 6 10 3 

Caffeine . . 2 1 2 4 2 3 

Crude proteins . 11*2 13 4 12 5 

Fat . . 61 7 8 6 9 

Carbohydrates . 49 3 52 1 60 7 

Crude fibre . . 13 5 15 3 14 4 

Ash . . 3 3 3 5 3 4 

It will be observed that these samples were un- 
usually rich m caffeine whilst the proportion of 
fat was low. Data publisned by the same 
authority for coffee grown in Sierra Leone were 
more normal, approximating closely to the 
values for Arabian coffee, tiz. moisture 8 2, 
caffeine 1-3, crude proteins 8 5, fat 101, mtro 
gen-free extract 50 0, crude fibre 17 8, and ash 
3 5%. Valenzuela (Philippine J Sci. 1929, 
40, 349) gave the average percentage compost- 
tion of seven varieties grown in the Philippines 
as follows i moisture 9 86, caffeine 1 87. fat 
8 71, reducing sugar 6 22, crude fibre 19 65, 
nitrogenous substances 12 95, and ash 4 10. 

Cajfnnf . — Of the substances which have been 
isolated from coffee that which has attracted 
most attention is caffeine. It is interesting that 
the two other popular beverages, tea and cocoa, 
contain respectively the alkaloids theme, 
identical with caffeine, and theobromine, which 
is closely related to it It has been suggested 
that the coffeJhe is present as caffetannate, whilst 
Oorter (Annalen, 1008, 358, 327) states that the 
caffeine occurs m coffee combined with potas- 
sium as potassium-caffeine chlorogenate, 

C 1 ,H 1 ,O,K(C,H, 0 N 4 O,) 1 . 

VoffiVff/t rise v/mnt. vn sa wj x/Aiw wnraob Am 
and the method of its determination has there- 
fore received considerable attention The per- 
centage of caffeine in coffee, and particularly in 
the bo called de-eaffemiacd coffee, is so low, 
however, that some methods suitable for general 
application are of little value in this connection 
and only those especially devised for coffee need 
be mentioned. Lendrieh and Nottbohm (Z 
Enters. Kahr.-Getmssm 4909, 17, 241) propose 
the extraction with carbon tetrachloride, and 
transference to solid paraffin which w then 
extracted with water. After clearing with 
potassium permanganate the aqueous solution is 
evaporated to dryness, the residue extracted with 
chloroform, dried, and weighed. Fcndler and 
Stiller (Z. Unters. Nahr.-Genussm. 1914, 28, 9) 
whilst confirming this method suggest efftain 
modifications which render the estimation more 
expeditious. Vautier (Mitt. Lebcnsm. Hyg. 1919, 
10, 272) suggests that at least 10 g. of the sample 


should bo taken and first extracted with ether. 
The crude caffeine should then bo extracted with 
chloroform, evaporated to dryness with sodium 
carbonate, again extracted with chloroform five 
or six times, the extracted caffeine then being 
dried and weighed. Bomfazi (Mitt. Lcbensm. 
Hyg. 1926, 17, 307) confirms Vautier’a method. 
Various modifications have been suggested. 
Thus Ugarte (Cberaia, 1930, 7, 490) proposed 
that before extraction the material should first 
be carbonised cautiously m a Kjcldahl flask, 
care being taken that none of the white vapour 
formed is allowed to escape. Bonn and Desgrez 
(Ann. Falsif 1931, 24, 646) propose that after 
extraction the residue from evaporation should 
be taken up m 10 ml of 5% HCI and an excess 
of sihcotungstic acid solution added. After 
heating and prolonged standing the precipitate is 
filtered off, ignited and « eighed, the weight of tho 
precipitate multiplied by 0 2236 representing 
the hydrated caffeine. Heiberg (Mitt. Lebcnsm. 
Hyg 1933, 24, 54) states that brat results are 
obtained if the powdered coffee u first rubbed 
with a mixture of lime and quartz sand. Hemdl- 
hofer (Mikrochem. 1932, 12, 227) proposed an 
interesting nephelometric method for measuring 
tho turbidity produced by adding aodium 
phosphotungstate to a caffeine solution The 
amount of caffeine in “ decaffemiscd ” coffee 
vanes considerably according to the nature of 
the original coffee and tho process employed. 
Guillaume and Lefranc (Bull Sci Pharmacol. 
1935, 42, 14) state that the quantity of soluble 
substance in “ caffeme.freo " coffee is only two- 
thirds of that in the untreated material and the 
caffeine may be ns low as 0 0094%. Braunsdorf 
(Z Untera. Lebensm 1933, 65, 460) found that in 
an infusion of 8-1 1 g. in 150 ml. “ caffeine poor ” 
coffee gave up to 22 mg. of caffeine, “ caffeine- 
free ” coffee gave up to 8 8 mg., and coffee gave 
up to 72 mg. Bomfazi (Mitt. Lebcnsm. Hyg. 
1926, 17, 307) found that 20 g. of deeaffeinised 
coffee usually contains about 8 4 mg. of caffeine. 
For the estimation Borgmann (Apoth.-Ztg. 1931, 
71, 56) proposes a method involving Soxhlet 
extraction, whilst Clifford (J. Assoc. Off. Agric. 
Chcm. 1931. 14, 553) supports a method based 
upon sublimation 

Cajftlantuc acid, which is said to bo present in 
vtfEvc, is •(iirtv.Vi.Wi Yfi iVs rtnxqiowA'itin utrL **try 
susceptible to change. According to Gorter 
(Annalen, 1908, 358, 327) it is associated with 
chlorogcnic acid, which is present in the pro- 
portion of 0 3-7 7% in the raw bean and 3 2- 
4 5% in the roasted coffee (Hoepfncr, Z. Unters. 
Lebensm 1933, 68, 238). The same worker 
(Chem.-Ztg. 1932, 56, 991) states that in tho 
presence of acetic acid, chlorogcnic acid gives a 
brilliant cannino coloration on the addition of 
NaOH. Hi* method has been modified by 
Plucker and Keilholz (Z. Unters. Lebcnsm. 1934, 
68, 97). Jurany [Z. anal. Chem. 1933, 94, 225) 
proposes a method involving extraction with 
alcohol and transfer through solid paraffin to an 
aqueous solution which is cleared with lead 
acetate, the optical rotation then giving a 
measure of the chlorogenic acid present. 
According to Jurany samples of raw coffee were 
found by this method to contain 8-9% of chloro- 
gemc acid, q v. 
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Sugar. — Herfeldt and Stutzer (Z. angew. 
Chem. 1895, 8, 469) state that sugar occurs in the 
raw bean only as a glucoside. This is in con- 
tradiction to the findings of other investigators. 
Thus Konig and Bell found from 5 to 9% in raw 
coffee. In support of this finding Bell points 
out that when the saccharine extract of the 
beans is boiled with a little dilute sulphuric acid 
a quantity of glucose is obtained nearly equiva- 
lent to the weight of dry extract operated upon, 
a result inconsistent with the presence of sugar 
as a glucoside. Bell considers that this sugar 
is not present as sucrose, but the chemists of the 
United States Department of Agriculture 
(Bulletin 13) have isolated cane sugar in con- 
siderable amount as pure, well-defined crystals. 
It is usually accompanied by some invert sugar 
probably formed during the process of extraction. 
It is generally admitted that there is practically 
no sugar in roasted coffee, that present in the 
raw bean being nearly all caramelised during 
roasting. 

Cellulose . — In coffee this is very hard and 
very difficult to define under the microscope, 
especially after roasting, although the chief 
characteristics of the cellular tissue are more 
or less retained. It is dissolved by an ammonia- 
cal solution of copper oxide and gives a blue 
colour with sulphuric acid and iodine. Rem- 
nants of the “ silver skin ” are always present 
even after roasting, and its structure, a thin 
membrane with adherent thick-walled, spindle- 
shaped and hollow cells, is quite peculiar to coffee 
and a useful means of identification. 

Fat v. Coffee Bean Oil. 

Protein, chiefly in the form of insoluble 
albuminoids, occurs in coffee, both raw and 
roasted, to the extent of from 10 to 14%, the 
soluble albuminoids constituting about 2%. 

Mineral Matter . — The total amount of ash 
varies from 3-5 to 4-0% in raw, and from 4-0 to 
5-0% in roasted coffee. The following percent- 
age compositions are given by the United States 
Department of Agriculture (Div. of Chem., Bull. 
13, 904). 

Mara- 

Moclia. calbo. Java. Bio. 


Sand .... 

1-44 

Silica (Si0 2 ) . . 

0-88 

Ferric oxide (Fe 2 0 3 ) 

0-89 

Lime (CaO) . . 

7-18 

Magnesia (MgO) . 

10-68 

Potash (K 2 0) . . 

59-84 

Soda(Na 2 0) . 
Phosphoric acid 

0-48 

(P s ° 6 ) . . . 

Sulphuric acid 

12-93 

(S0 3 ) - - - 

4-43 

Chlorine 

1-25 


0-72 

0-74 

1-34 

0-88 

0-91 

0-69 

0-89 

1-16 

1-77 

5-06 

4-84 

4-94 

11-30 

11-35 

10-60 

61-82 

62-08 

63-60 

0-44 

— 

0-17 

13-20 

14-09 

11-53 

5-10 

4-10 

4-88 

0-59 

0-73 

0-48 


Ludwig (Arch. Pharm. 1872, [iii], 1, 482) 
states that the silica increases from the root 
upwards to the leaves and pericarp of the fruit, 
after which it declines in the parchment skin 
and is nearly absent in the bean. 

Physiological. — The primary value of coffee 
as an article of human consumption is its 
stimulative property. Indeed, it can, when taken 
in a strong infusion, have such an exhilarating 
effect that, as already stated, attempts were 


made to prevent its use in Mohammedan countries 
on the ground that it was an intoxicant. 

According to Lehmann and Weil (Arch. hyg. 

1923, 92, 58) the action of coffee on the nervous 
system is to be attributed to the caffeine present. 
For the same reason coffee is a stimulant to 
gastric secretion (Haneborg, Acta. Med. Scand. 

1924, 61, 228; and Farrell, North Western Univ. 
Amer. J. Physiol. 1928, 85, 672) although 
Bandoin (Bull. Soc. hyg. aliment, 1920, 11, 655) 
found that coffee haB a decided retarding effect 
on peptic and pancreatic digestions which is 
proportionate to the tannin content. A strong 
infusion of coffee has a distinct diuretic effect 
which, probably owing to the action of lecithin, 
can be inhibited by the addition of milk or 
(more effectively) cream, Hitzenherger and 
Roller (Wien. Arch. inn. Med. 1935, 27, 133). 
Pietro di Mattei (Arch. Farm, sperim. 1923, 35, 
5) found by experiments on pigeons that roasted 
coffee had a marked curative effect in cases of 
polyneuritis, although raw coffee and pure 
caffeine were without effect. 

Adulteration. — Although the adulteration 
of coffee in this country is now practically non- 
existent, it is very common abroad and the 
number and variety of the adulterants are almost 
unlimited. Many of these are best detected by 
means of the microscope. Digestion with water 
affords a ready means of differentiating between 
the pale Boft-walled tissues of the cereals and 
roots, often used as adulterants, and the dark- 
coloured and hard-walled tissue of coffee. The 
cereals may readily be identified by their 
characteristic starch granules. The chemical 
differences between coffee and its adulterants are 
also strongly marked, as the sophisticated pro- 
ducts usually Bhow high' aqueous extract and 
sugar and low fat and caffeine contents. The 
density is also a useful factor in the preliminary 
examination, that of raw coffee varying between 
1-041 and 1-368 and that of roasted coffee 
between 0-500 and 0-635. In the Paris Municipal 
Laboratory, Regnault’s volumenometer, as 
modified by Dupre, is used for this purpose. 
Colouring matters are frequently employed to 
disguise damaged beans and give them the 
appearance of superior quality. Among the 
substances so used are chrome yellow, yellow 
ochre, indigo, Prussian-blue, azo-dyes, and 
soapstone for the raw bean ; and burnt umber, 
oxide of iron, and Venetian red for the roasted 
bean. The inorganic colouring matters are best 
sought in the ash or in the sediment obtained by 
shaking the beans in cold water ; indigo and 
Prussian blue by their usual reactions and other 
colouring matters by extraction with alcohol. 
Glazing is a process resorted to for the alleged 
purpose of preserving the roasted beans. The 
substances used, a mixture of egg albumen with 
glucose or gum, are said to have the effect of 
clarifying the infusion. The improved appear- 
ance of the beans and increased weight due to the 
retention of moisture, are probably also im- 
portant considerations. The latter result is 
sometimes attained by the addition of sugar 
before roasting or by steaming the beans and 
coating them with glycerine, palm oil or vaseline 
to prevent evaporation of moisture. Bertarelli 
(Z. Nahr. Genussm. 1900, 3, 681) describes the 
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ad alteration of roasted coffee beans with a 
solution of borax, which not only gives the beans 
a glossy appearance but also adds as much as 
12% to their weight. Shellac is occasionally 
used for glazing, and Nottbohm and Koch (Z. 
Nahr. Gennssm. 1911, 21, 288) draw attention 
to the fact that shellac is sometimes coloured 
by arsenic trisulphide. Coffee beans which had 
been glazed with arsenical shellac were found to 
be strongly contaminated with arsenic. Zur- 
bnggen and Scheurer (Mitt. Lebensra. Hyg. 
1931, 22, 377) found that many substances used 
as coatings for coffee can be identified by washing 
the grama with a suitable solvent, evaporating 
and comparing the fluorescence of the extract 
under a mercury lamp with that of pure sped 
mens of the substances suspected 
Although the addition of chicory (j.r.) to 
coffee is often regarded as a form of adulteration, 
public preference for thi3 admixture justifies 
the view that chicory 13 an adjunct to, rather 
than an adulterant of, coffee if its presence is 
disclosed at the time of sale. It would appear, 
however, that chicory is declining in favour, the 
consumption in the United Kingdom having 
steadily fallen from 3,200 tons in 1927 to 700 
tons m 1036. Chicory has little in common with 
coffee except a considerable proportion of 
sugar which is converted into caramel in the 
process of roasting and thus imparts to the 
infusion a deep colour, a bitter taste, and an 
aroma somewhat resembling that of coffee. 
Smith and Bartell (Univ. of Mich. Dept, of 
Eng. Research, Sept. 1924) show that, owing 
apparently to a process of chemical reaction 
between the caffeol of the coffee and the soluble 
constituents of the chicory, the aromatic caffeol 
is held in the infusion. An elaborate research 
into the nature of coffee and chicory with a view 
to the detection of adulteration was made at 
the instance of the Commissioners of Inland 
Revenue in 1 852 by some of the leading botanists 
and chemists of the day, and the results are of 
great practical value even at the present time. 
The following table, prepared during this in- 
vestigation, shows the sp gr. at 60°F, of solutions 
made by treating 1 part of each of the sub- 
stances named (roasted and finely ground) with 
10 parts of water (by weight), raising the mixture 
to boiling --point, for half a mu rate, then filtering 1 
and coolmg. 

Spent tan 1002'! 

Date stones 1002 9 

Lupin seed 1005 7 

Acorns 1007-3 

I'eaa 1007-3 

Mocha coffee ..... 1008 0 

Beans 1008 4 

Neilgheny coffee .... 1008 4 

Plantation Ceylon coffee . . 1008 7 

Java coffee 1008 7 

Jamaica coffee 1008 7 

Native Ceylon coffee . . . 1009 0 

Costa Rica coffee .... 1009 5 

Parsnips 1014 3 

Carrots . 1017-1 

Black malt 1021-2 

Turnips 1021-4 

Rye malt 1021 6 


English chicory 1021-7 

Dandelion root 1021-9 

Red beet 10221 

Foreign chicory .... 10220 

Guernsey chicory .... 1023 2 

Mangold wurzel .... 1023 5 

Roasted figs 1024 9 

Maize 1025 3 

Bread raspings 10263 

It will be seen from the above table that the 
low specific gravity of the coffee infusion dis- 
tinguishes it from roots and cereals, and w hen 
chicory is the only substance admixed with the 
coffee its percentage may be calculated with 
approximate accuracy by a comparison of the 
gravity of the infusion of the mixture with 
the average gravities of coffee and chicory given 
in the table. As an alternative method Savuii 
(Annah Chim. Appl 1923, 13, 217) suggests 
boiling 10 g. of the sample for 6 minutes with 
200 ml. of water. The infusion is then cooled, 
made up to 250 ml , and filtered ; 25 ml. of the 
filtrate are evaporated to dryness and the residue 
weighed. Variation from the normal figure for 
coffee indicates some form of adulteration. 
Bunco and Moitra (Analyst, 1932, 57, 708) 
state that the average extract obtained from 
Indian coffee is 28%, which is about 4% higher 
than is ordinarily assumed for coffee, and that 
therefore the origin of the coffee must be taken 
into account in applying the above methods 
The relative colouring powers of roasted coffeo 
and chicory afford a further simple test for the 
presence of chicory or other substances contain- 
ing caramel. A few grains of the sample are 
placed on the surface of cold water m a glass 
vessel, without stirring, when the particles of 
foreign substance each emit a brownish-coloured 
cloud, which is rapidly diffused m streaks 
through the water. Pure coffee affords no 
appreciable coloration under similar conditions. 
The chicory readily sinks, whilst nearly the 
whole of the coffee remains at the surface. If 
examined under the microscope the sediment 
of chicory which reaches the bottom of the vessel 
will be found to exhibit the characteristic large 
cells with dotted vessels and branching lacti- 
ferous ducts. Even to the touch of a needle there 
difference, lor whilst chicory under these 
conditions will feel soft, the coffee grams remain 
hard. Winter-Birth (“ Foods ; Their Com- 
position and Analysis,” p. 308) thus summarises 
the influence of chicory on the coffeo mixture s 
the respective proportions of gum, fatty matter, 
tannio and caffetanme acids, and caffeine are 
decreased, the proportion of sugar is increased, 
and the constitution of the ash is profoundly 
modified, especially in the proportion of silica, 
which is not found to any great extent in coffee 
ash. In amplification of the last point the 
following may be accepted as representing the 
principal differences in the composition of 
the respective ashes : 

Coffee. Chicory. 
Silica and sand . — 10-09-35 85 

Carbonic acid . . 14 92 1-78-3 19 

Sesquioxide of iron 0 44-0 98 3 13-532 

Chlorine . . . 0 20-1-11 3 28-4 93 
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There is a marked difference in the proportion 
of ash soluble in water, that from coffee being 
about 75-85% and from chicory 21-35%. 

“ Decaffeineised ” Coffee. — The public demand 
for “ decaffeineised ” coffee has resulted in 
considerable search for a method which, while 
removing some or all of the caffeine, will yield a 
product possessing unimpaired the flavour 
and aroma of the original bean. Many of the 
processes thus devised have been patented and 
it is possible that, at least in some cases, com- 
mercial considerations have, in part, formed the 
basis for the favourable claims advanced on their 
behalf. In any case the so-called “ decaffeine- 
ised ” coffee almost invariably contains some 
caffeine which may vary from a trace up to 
1%. The basic principle underlying nearly 
all the processes is some form of extraction 
but the solvents used and the treatment of 
the beans show wide variation. When an 
aqueous extraction is relied upon the water may 
be untreated, rendered alkaline, or loaded by 
the solution of sugar or other substances, in 
order to effect the selective removal of the 
caffeine from the beans. The organic solvents 
used include benzene, toluene, ketones, alcohols 
and chloroform. In some cases solvents are 
used in rotation whilst in others an emulsion of 
chloroform or benzene with water is used. The 
extraction sometimes takes place under pressure 
whilst in other methods the beans are crushed, 
rolled, or steam-heated before or during the 
extraction. It is a common practice to remove 
the last traces of the solvent by passing a 
current of hot air or steam over the beans at 
the end of the process. In some cases no 
attempt is made to conduct a selective extrac- 
tion. Conditions are imposed which result in 
substances other than caffeine being removed. 
The solution is subsequently treated with a 
solvent in which the caffeine is readily soluble 
and the residual extract returned to the beans by 
spraying before roasting. As an alternative to 
extraction by treatment of the beans with a 
solvent it is claimed that infusions of coffee can 
be “ decaffeineised ” by passing through char- 
coal or a layer of silica gel. 

Substitutes or Imitations, although not 
very common in the United Kingdom, are more 
prevalent in the coffee-drinking countries of 
Europe and America. They are prepared from 
a variety of different substances. In addition 
to chicory, these include acorns, beet refuse, 
bran, cereals (barley, maize, malt, oats, rye and 
wheat) caramel, carrots, dandelion root, figs, 
lupin seeds, mangolds, parsnips, peas, beans, 
coffee husks, cassia seeds, date stones, etc. In 
general theso may be identified by the methods 
proposed above. These preparations are some- 
times offered quite openly as substitutes, but 
imitation beans have been prepared by mixing 
any of the above with gum, molasses or other 
adhesive material and skilfully moulding the 
mixture into the form of coffee berries. The 
following are some of the imitations or sub- 
stitutes which have been placed on the market : 

Negro or Mogdad coffee made from the seeds 
of Cassia occidenialis. 

Massaendar coffee from the seeds of Gsertnera 
vaginata. 

Vol. III.— 17 


Kunst Kaffee from roasted roots or cereals. 

Pelotas coffee and Coffee surrogate from ground 
acoms. 

Date coffee from date stones or dried dates 
mixed with a small proportion of coffee. 

“ French Coffee ” is a description sometimes 
applied to a mixture of coffee with burnt sugar 
and a large proportion of chicory. As these 
ingredients readily absorb moisture on exposure 
to the air this mixture is usually preserved in 
tins. 

F. G. H. T. 

COFFEE BEAN OIL and WAX. 

Apart from a waxy coating on the outer surface 
of the bean, coffee beans contain from 5-12% 
of a fatty oil ; the wax-free oil has an iodine 
value of about 100, a hydroxyl value about 23, 
and saponification value about 195, and contains 
about 12’6% of unsaponifiable matter (Schuette, 
Cowley and. Chang, J. Amer. Chem. Soc. 1934, 
56, 2085 ; cf. Meyer and Eckert, Monatsh. 1910, 
31, 1227). The fatty acids consist chiefly of 
palmitic, linolic, and oleic acids, with smaller 
amounts of myristic, stearic, and araehidic acids ; 
higher fatty acids (tetracosoie acid, the “ car- 
naubic ” acid of some ■writers) are present in the 
wax from the outside of the bean and are, there- 
fore, found when the total ether-extract of the 
entire bean (saponification value 150-195, iodine 
value 80-100) is examined (cf. von Noel, 
Pharm. Zcntr. 1929, 70, 69 ; Heiduschka and 
Kuhn, J. pr. Chem. 1934, [ii], 139, 269 ; Bengis 
and Anderson, J. Biol. Chem. 1934, 105, 139 ; 
Bauer and Neu, Fette u. Seifen, 1938, 45, 229). 
A phytosterol, m.p. 138-139°, and a, substance, 
Ci 9 H S6 0 3 (m.p. 143-143-5°C.), termed 

“ kahweol ” (from the Arabic “ qahweh,” 
meaning coffee) have been separated from the 
unsaponifiable matter (Bengis and Anderson, J. 
Biol. Chem. 1932, 97, 99 ; Dillingham and 
Thompson, Univ. Hawaii, Occas. Papers, 1934, 
No. 19; Bauer and Neu, l.c.). The oil is also 
stated to possess antirachitic activity (cf. von 
Noel and Dannmeyer, Strahlentherap. 1929, 32, 
769), which, like the characteristics of the oil, 
is not affected by the roasting of the coffee 
prior to extraction of the oil. Coffee oil does 
not appear to possess much technical interest at 
present, although a certain amount of the crude 
fat (including the wax) can be recovered as 
a by-product from the extracts obtained in the 
decaffeising of coffee by the solvent process; 
the recovery of the oil from coffee scheduled 
for destruction in Brazil has also been proposed. 
It is stated that during the War of 1914—1918 
used coffee grounds were collected in Austria 
for the sake of the 12% of oil which was 
extracted therefrom (for soap-making ?) (cf. 
Fahrion, Z. angew. Chem. 1917, 30, 125; Munk, 
Allgem. Oel- u. Fett-Ztg. 1932, 29, 13), a 
practice which has recently been revived in 
Germany. 

E. L. 

COGNAC v. Brandy. 

“ COGWHEEL ORE ” v. Bouenonite. 

COHEN ITE v. Cementite. 

COHUNE NUT. The fruit of the cohune 
palm (Attalea Cohune Mart.), grown largely in 
Honduras. The nut is very similar in structure 
to the coconut, but is smaller. Its primary use 
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is for the production of oil utilised largely or cordage. The short fibre or tow is used in the 
for soap-boding. The flesh of the nuts contains form of curled fibre as a substitute for horse hair 
4 5% of water, 65-71% of oil, and approximately as a stuffing material in upholstery, and the dust 
20% of protein. The principal protein is a and refuse as a manure and for other gardening 
globulin which may be extracted with brine purposes. 

and precipitated by addition of ammonium Coir is composed of strong, elastic, reddish- 
sulphate. Jones and GersdorfF give the nitrogen brown filaments which are harsh to the touch 
distribution of the globulin as : and rather bnttle These filaments are thick 

% m the middle and gradually taper towards the 

Amide- N 7-5 ends, the diameter in the widest part varying 

Humin-N . .09 from 0 05 to 0 3 mm. ; they are from 15 to 

Cystine. N ... .0 5 32 cm. long, and either round or elliptical in 

Arginine- N . 30 8 cross-section. The fibre is very resistant to the 

Histidine- N ... 26 action of water and is so light as to float on it, 

Lysine-N 7 9 and it is therefore of special service for the 

Amino-N of filtrate . . 47 9 manufacture of ships' ropes. 

Non-amino- N of filtrate . 2 3 The filaments are composed of fibro- vascular 

tissue consisting chiefly of very short, irregularly 
Tryptophan (0 65%) has also been detected thickened fibres of uneven diameter; these 
(J. Biol. Chem. 1920, 45, 67 ; 1924, 62, 183) ultimate fibres are about 0 4-1-0 mm. long and 
A. G. Po. 12-20 n in diameter. 

COHUNE NUT OIL o. Coconut Oil The fibre substance consists ofa highly Lgmfied 
Group, (this vol. p. 243d.) form of cellulose On microchemical treatment 

COIR (or coconut fibre) is derived from the with iodino and sulphuric acid, it gives a 
fibrous husk (mesocarp) of the fruit of the golden yellow colour, and with aniline sulphate 
coconut palm [Cocoa nuctfera Linn ). This an intense yellow colour ; it is not attacked 
palm is distributed throughout the coastal by Schweitzer’s reagent 

regions of the tropics It is cultivated exten- E G 

sively in India, Ceylon and Malaya, and is COKE MANUFACTURE ANO THE 
largely grown in tho Philippine Islands and in RECOVERY OF BY-PRODUCTS. 

South American countries Some vancties of Introduction. — Previous to the early 

the palm are said to yield fibre of a finer quality nineties, practically the whole of British metal 
than others ; the quality is also influenced by lurgical coke was made in the old beehive oven, 
the situation of the plantation, the fibre yielded which, as will be seen from what follows, is a 
by palms grow ing near the sea being finer than semi-combustion process, involving the loss of 
that from inland trees. the whole of the gas and by products, together 

The fibrous material in its raw state consists with a portion of the possible coke yield. With 
of a mass of fibre strands of varying length the gradual disappearance of the old prejudices 
associated with corky and other non-fibrous against coke made in by-product ovens, the 
tissue. The best fibre is obtained from fnnta latter and much more economical process began 
that are gathered before they are quite npe ; to assert itself, and in 1898, 1-25 million tons of 
as the nuts ripen the fibre becomes coarser and a coal wero being carbonised in by product coke 
longer period of steeping or retting is necessary, ovens ; in 1005 the quantity of coal so treated 
with the result that the coir acquires a dark reached 3 31 million and in 1035 about 
colour. 17 million tons. Meanwhile, the number of 

In the preparation of coir by the native beehive ovens in operation had decreased from 
methods the husks are detached by sinking 16,037 in 10 10 to 692 in 1035. According to 
tho fruits on sharp spikes fixed firmly in the figures published by the Coal Conservation 
ground. Tho husks aw unmereed in pita Committee at the end of 1917, some 8,700 by- 
contsming bracJcub water, or lit cages or wicker- product ovens were in operation m Crest 
work enclosures in backwaters, and left for Britain (of which 8,000 were fitted with benzol 
several months. On modern estates the removal recovery arrangements) with a total carbonising 
of the busks is effected by machinery, and the capacity of 17-5 million tons of coal per annum, 
steeping is carried out in steam heated tanks. In 1017, 166,354 tons of ammonium sulphate 
When sufficiently softened, the husks are were produced in British coke oven plants. The 
withdrawn from the water and are then beaten practice of by-product recovery had become 
by hand with wooden mallets or passed through a universal in Germany years ago ; whilst w the 
crushing machine in order to free the fibres from United States the by-product plants, either 
the corky tissue. After leaving tho crushing building of in operation at the end of 1017, 
machine, the husk u passed into the extractor were capablo of producing 24 million tons of 
or breaking-down machine, in which it is com- coke per annum. In view of this rapid adoption 
pletcly disintegrated. The product is then of the by-product coking process in all these 
dried and treated by a " willowing ” machine countries, the following article will bo confined 
to remove dust and other debrn. The fibre to a description of modem coking methods 
is us ually sorted by a combing or hackling viewed chiefly from a by-product standpoint, 
process into grades of different lengths and with only a passing reference to tho wasteful 
qualities. The coarser and stiffer or “ brush ” beehive process. 

fibre is used as bristles for brush-making, History or the By-Product Cokino Pao- 
whikt the longer and finer " mat ” or spinning cess — Tho earliest reference which we c»n find 
fibre is employed for the manufacture of matting of any observation being made on coal as a 
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source of by-products is that contained in the 
memoirs of Johann Joachim Becher, dating 
about the end of the seventeenth century ; 
Becher states that he has found means for 
treating coal “ so that it no longer smoakes nor 
stinks,” and in doing so made a tar equal to the 
Swedish. 

The use of coke in iron smelting became 
general within 50 years of Becher’s discovery, 
and a French metallurgist, De Gensanne, de- 
scribes a process working at Sulzbach near 
Saarbrucken prior to 1768, where coal was 
coked for iron smelting, tar being recovered as a 
by-product ; Stahl is said to have been the 
inventor of this process, and he produced there- 
from an “ oil,” bitumen, sal-ammoniac, and 
lamp-black. 

In 1781 Archibald, Earl of Dundonald, was 
granted a patent for “ allowing coals to burn or 
ignite without flaming, so by their own heat to 
throw off the tar or oils that they contain.” 
Dundonald stated that the only method whereby 
tars could be obtained prior to his discovery 
was by a distillation in closed retorts, where 
the admission of external air was prevented 
and where other coals were required for heating 
besides the coal contained in the closed vessel. 
It is interesting to note that Dundonald was 
well aware of distillation in closed retorts, 
which is the basis of modem by-product 
coking methods, and it is also evident that 
his knowledge of closed retorts was 16 years 
previous to the introduction of coal gas for 
street and household illumination in 1797. 

In 1838 Frederick Neville obtained protection 
for an invention which consisted in heating 
ordinary gas retorts by the waste heat from 
beehive coke ovens, the distilled gases from the 
retorts being passed through condensing and 
scrubbing appliances. William Newton, in 1852, 
introduced the use of an aspirator or pump for 
withdrawing the gases from coke ovens through 
condensers and scrubbers. Newton likewise 
mentions the use of acids for removing the 
ammonia from the gases. In 1860 W. H. 
Kingston patented a coke oven provided with 
external furnace, from which the heat evolved 
by the combustion of an auxiliary supply of 
coal was conducted round the oven through a 
system of flues ; the evolved gases were passed 
through a series of pipes and condensing vessels 
for the recovery of the by-products. Kin gston’s 
patent is especially noteworthy, since he recog- 
nises that the true method for the recovery of 
by-products from coal lies in heating the coal in 
closed chambers, and not in chambers to which 
air is admitted. 

With regard to Continental practice, in 1850 
Pauwels and Dubouchet, and in 1862, Pemelot, 
introduced systems of carbonising coking 
coals in long rectangular chambers, heated 
from below by the regulated combustion of 
part of the gas in flues specially constructed 
under the floor, for the purposes of manu- 
facturing metallurgical coke and removing tars, 
oils and ammonia. The Pemelot system was 
tried in the north of England in 1870, but the 
coke produced was too soft for metallurgical 
purposes. 

In 1856 Knab erected a coal-distillation 


plant at Commentry, on the closed-retort 
system with bottom flues, but made no attempt 
to recover by-products. Later Knab was joined 
by Carves, who (1866-1873) introduced 
improved methods of heating by side flues in 
addition to the bottom flues, thus obtaining a 
more even distribution of temperature and a 
quicker rate of carbonisation. Carves likewise 
utilised the gases (from which the by-products 
had been extracted) in the side-wall flues, in 
addition to the auxiliary coal as employed by 
Knab. The Knab-Carvls ovens at Commentry 


gave the following results : 


Large coke .... 

% 

. . 70-00 

Breeze 

. . 1-50 

Dust 

. . 2-50 

Graphite 

. . 0-50 

Tar 

. . 4-00 

Ammoniacal liquor . 

. . 900 

Gas 

. . 10-58 

Loss 

. . 1-92 


100-00 


Further plant on the Carvfes system were 
erected at Bessiges and Terre-Noire, near St. 
Etienne, between the years 1866 and 1873, and 
were still further improved; the Carvfes ovens 
working at Bess&ges in 1880 were built with 
carbonising chambers only 24 in. wide, to 
facilitate rapid heat penetration and quick 
carbonisation. In 1881 H. Simon of Man- 
chester introduced a recuperator, whereby the 
air necessary for the combustion of the gas 
in the side-wall flues of the Carvfes oven was 
preheated by the waste gases escaping from the 
flues, and thus the rate of carbonisation was 
still further increased, the combined work of 
the two investigators resulting in the well- 
known Simon-Carvi;8 oven, which may be held 
to be the precursor of the modem by-product 
coking retort. 

Following on the success of the Simon- 
Carvfes process, other coke-oven patents were 
filed, viz. Semet-Solvay, 1880 ; Hiissener, 1881 ; 
Liirmann, 1882 ; Otto and Brunck, 1883 ; but 
although development was rapid on the Con- 
tinent, little was done in this country before 
the nineties, owing to the prejudice of iron 
smelters against by-product coke ; that this 
prejudice has now disappeared will be seen from 
the rapid adoption of the process, indicated by 
the figures at the beginning of this article. The 
by-product coking plant which have generally 
found acceptance in this country are the Otto- 
Hilgenstock, Simon-Carvis, Koppers, Semet- 
Solvay, Simplex, Coppee, and Hiissener. 

Non-By-Prodtjct and By-Product Ovens 
Compared. — Prior to the establishment of the 
by-product coking process, the type of oven 
universally employed was that known as the 
beehive. This oven (Fig. 1) consists of a fireclay 
chamber, beehive shape in elevation and circular 
in plan, provided with a loose brick charging door 
at ground level, and with an exit flue in its crown 
for carrying the waste gases to the chimney. 
The coal is charged into the oven by spades, 
through the charging door, to a height of 
2 ft. 6 in. to 3 ft., is then ignited, and the 
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charging door bricked up and plastered, a small 
hole 6 in. square being left for the admission 
of air. The upper layer of the coal burns and 
seta up distillation of the under layers, the 
evolved gases passing upwards and burning 
in the dome of the oven, with the air drawn in 
at the door. The dome is thus soon heated 
up to a high temperature, and by radiation 
powerfully assists in carbonising the charge of 
coal below. This operation of distillation, and 
immediate combustion proceeds until the whole 
of the volatile constituents of the coal have 
been evolved, which for a 10 ton charge occupies 
70 hours. The coke is then quenched with 
water and withdrawn by rakes. 

It will be seen that by this process, the whole 
of the volatile products, that is to say, volatile 
hydrocarbons and ammonia together with the 
permanent gases, are burned immediately 
they arc evolved within the coking chambers 
itself ; further that it is not possible so to 
regulate the combustion of these gases with- 
out burning a portion of the coke in addition , 
in actual practice, from 15 to 20% of the coke 
is burned to waste. For the reason, too, that 
the coke is quenched inside the oven, the 
temperature of the latter is lowered, so that 
before the next charge can be coked, considerable 
expenditure of heat is necessary to raise the 
to coking temperature. The removal of the 
coke by hand rakes is also tedious and expensive 

With the object of overcoming the main 
drawbacks of the beehive oven, Coppie intro 
duced a non by product retort of rectangular 
form, from which the coke could be discharged 
en bloc by a ramming machine and quenched 
outside the oven, thus expediting the operation 
and greatly increasing the yield. In CoppGe's 
oven (Fig, 2) the gases evolved from the coal 
are drawn into flues in the side walls where 
they are burned, and in this way com- 
bustion within the coking chamber and loss 
of coke, as occur in the beehive oven, 
avoided. 

The by-product retort (Fig. 3) is built on the 
same lines as the Copp^e, that is to say, it is 
a rectangular chamber heated by flues in tl 
side walls, and the coke is discharged by 
ramming machine ; the essential point > 
difference lies in the fact that in the Copp^e 
the whole of thegases containing the by-products 
are drawn immediately they are evolved into 
the side wall heating flues, where they are 
burned ; in tho by-product retort, the gases 
and products are drawn from the oven through 
cooling and washing plant for the recovery of 
the tars, ammonia, and benzol, and tho perma- 
nent gas only is burned in the flues after the 
said products have been extracted. In the 
Copp^e, the whole of the permanent gas is 
burned in the beating flues ; in the by-product 
oven, only one-half to two thirds of the gas is 
utilised in the flues, the remainder being avail- 
able for heating or power purposes. 

The diagrams (Figs. 1, 2, and 3) clearly 
illustrate the essential differences In the three 
types of oven discussed above, 

ft will be seen, therefore, that in addition to 
obtaining the theoretical coke yield, and a largo 
Output, the by-product retort yields valuable 



Fro. 2. — CorrfcE. Fio. 3. — By-product 

Retort. 

by-products and a considerable yield of poncr 
or heating gas. The average yields (calculated 
upon 100 parts of dry coal) of coke and by-pro- 
ducts obtainable from British coking coals of 
different origin bv the most up to-date methods, 
ore approximately as follows : 

Anhjd Crude Ammonium 
tar. bcutol sulphate. 

3 85 0 03 MG 

3 62 1-37 1 35 

3 50 1-20 1-25 

262 0 60 005 

3 25 0 70 1 00 


Origin Coke 
Durham . . 75 0 

South Yorkshire 70 0 
Lancashire . 70 0 
South Wales . 800 
Scotland . . 68 0 


Coke Oven Design and Construction, — 
A modem by-product coke oven is a rectangular 
chamber from 40 to 45 ft. long, 12 to 20 ft. high, 
and from ]4 to 20 ins. wide. It is closed 
at each end by a cast iron or steel door with 
firebrick lining, which is hfted by a small 
crane whenever the contents of the oven 
are to be discharged. There are three or four 
holes in the roof through which the coal is 
charged into the oven from an electrjeally- 
drivcn charging lorry which runs on rails along 
the battery of ovens. At one or both ends of 
the oven there is an iron “ ascension pipe,” 
through nhicb the gas and volatile matter 
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expelled from the coal during the carbonising 
period are led into the “ hydraulic main ” 
running along the whole battery of ovens, much 
as in gas-works practice. 

The ovens and heating flues are usually 
constructed of silica brick, consisting of silica 
92 to 96%, alumina 2 to 3%, lime 1-3 to 2-5% ; 
such bricks are more stable at high temperatures 
and have a higher heat conductivity than the 
more aluminous bricks formerly employed; 
consequently, higher flue temperatures can be 
carried, as a result of which the speed of coking 
is increased while the heat economy of the 
system is improved, leading to a decrease in the 
quantity of gas required to heat the ovens. 

The charge of such an oven is from 15 to 25 
tons, and the coking time from 12 to 22 hours, 
equivalent to a throughput of from 25 to 30 
tons of coal per day. 

Coke ovens are built in batteries of from 25 to 
160 units ; they are heated by gas which is 
burnt in flues between the ovens so that the 
charge is carbonised by being heated from 
either side. The design of the heating flues 
varies much, but practically all modern coke 
ovens have vertical heating flues, the underlying 
principles being to economise as far as possible 
the amount of gas required to effect the car- 
bonisation, and to enable the greatest possible 
area of oven wall to be uniformly heated. The 
gas used for heating may be either part of the 
coke-oven gas after it has been passed through 
the by-product plant for recovery of tar, 
ammonia, benzol, etc., or provision may be 
made for heating the ovens by low-grade fuels 
such as producer or blast-furnace gas. In any 
case, however, the air required for combustion 
is pre-heated before it enters the combustion 
flues at the expense of part of the sensible 
heat in the burnt gases passing from the ovens. 
Where producer or blast-furnace gas is used 
for heating, such gas is also pre-heated in the 
same way as the air. 

Generally, top charging is practised, cleaned 
slack coal being simply run in through the 
charging holes in the roof of the oven, the 
charge afterwards being levelled by means of a 
small ram above the main ram which is intro- 
duced through a hole near the top of one of the 
end doors of the oven. Where weakly caking 
coals are carbonised, the charge is sometimes 
“ stamped ” before being introduced into the 
oven. In such cases, the crushed coal is com- 
pressed by a mechanical stamping machine in a 
wrought steel box slightly less in size than the 
oven chamber, and pushed en bloc into the oven 
as a solid cartridge through the front doorway 
on the movable bottom of the box which forms 
the charging peel. At the end of the carbonising 
period the coke is discharged from the ovens 
by an electrically driven ram and either quenched 
by water as it emerges from the ovens or else 
at a remote quenching station such as will be 
described later. A good deal of attention 
has, of recent years, been devoted to dry-cooling 
of coke with a view to improving its quality 
and at the same time recovering part of the 
sensible heat, but wet cooling is still the general 
practice. 

As an example of modern coke-oven con- 


struction, a short description of the Becker oven 
is given. 

The Becker Coke Oven . — This oven, which is 
illustrated in Figs. 4 and 5, is of the vertical 
flue type and the heating system is arranged so 
that either lean (blast-furnace or producer) 
gas or rich (coke-oven) gas may be used. Each 
oven has a series of vertical flues on either side, 
under each of which two regenerators are 
built. 

When employing blast-furnace or producer 
gas for heating, air passes up one of the two 
regenerators and gas up the other. Both the 
air and the gas enter their respective regenerators 
from both sides of the oven at the same time ; 
on leaving the top of the regenerators they enter 
the bottom of the heating flues so that the air 
and gas come together with streamline effect 
and the combustion zone is evenly distributed 
throughout the length of the vertical flues. 
The products of combustion are collected 
from the top of each four or five vertical flues 
and carried over the top of the oven by means of 
cross-over flues (Fig. 4), of which there are six 
to each alternate oven, the intermediate ones 
not requiring any, as may be seen from the 
diagram. 

From these flues the waste gases are dis- 
tributed to an equal number of vertical flues on 
the other side of the oven exactly opposite the 
flues up which they have travelled. They then 
pass down these flues and into the regenerators 
immediately below, through which they pass to 
the waste gas flues, giving up a portion of 
their sensible heat to the chequer work in 
transit. 

At the end of a pre-determined period (from 
20 to 30 minutes) the direction of flow of gas 
and air is automatically reversed, so that the 
regenerators which have been heated by the 
waste gases are used to heat the air and fuel 
gas, while the relatively cool regenerators are 
heated up. The regenerators are so arranged 
that those in which gas is being heated are 
never adjacent to those in which waste gas is 
flowing, and leakage of fuel into waste gas is 
therefore impossible. 

When rich gas is employed as the heating 
medium, air passes up all the regenerators and 
cold coke-oven gas is delivered through a 
horizontal gas conduit carried in the brickwork 
between the top of the regenerators and the 
bottom of the heating flues. From these con- 
duits the gas passes by means of a calibrated 
nozzle and vertical duct into the bottom of 
each vertical flue where it mixes with the pre- 
heated air coming from the regenerators. 
The flow of gases from this point is the same 
as when blast-furnace gas is used. 

Quenching and Cooling the Coke. — 
A common system of quenching the coke is to 
spray it with water under pressure while it 
passes through a cage of pipes on emerging 
from the oven. The coke then falls on to an 
inclined coke wharf where it “ steams off ” and 
cools and where any hot spots are quenched by 
water from a hose. 

Where dry cooling is practised, the red hot 
coke is delivered into a firebrick chamber 
through which inert gases (derived from the air 
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Introduced with the coke) are circulated in {serving also as a chimney to cany away the 
closed circuit through the coke and over the large volume of steam produced), where a pre- 
tubes of a boiler, by which means it is claimed determined quantity of cold water (generally 
that some 1,0001b of steam (from and at 212°F.) about 3 tons per ton of coke) is sprayed under 
may be raised per ton of coke. pressure on the coke. The surplus water is 

The practice of remote quenching is now allowed to dram away into a settling pond, 
coming into favour ; in this process, the coke is while the coke, after draining, is allowed to slide 
discharged into a car which is slowly moved from the car on to the wharf where it steams off 
across the end of the oven, thus spreading and cools finally ; by this process uniformity 
the coke out as a thin layer. The car is rapidly of moisture content is secured, the final moisture 
pushed to the quenching station, usually a tower being maintained as low as 2%. 



(AyfourtMva/Jfr*»r» Woodall Ducll am . Ltd 
Fia. 4 . — -Tub Beckeb Coke Ovev. Showing the Cross Over Flue. 


Recovery or By-Products. — Three general 
systems are in operation, the Indirect, the Direct, 
and the Semi-Direct. The first of thews is 
similar to that employed in gasworks: tar and 
ammonia liquor are condensed, while the last 
traces of tar are scrubbed from the gas in a 
tar extractor, after which the residue of the 
ammonia is rented by washing the gas with 


water. Id this process all the ammonia is 
obtained in the form of an aqueous solution 
which must bo further treated in order to 
produce ammonium salts. 

In coke oven practice, direct and scrol-direct 
rccoi try •} stems are more frequently employed j 
they differ from tho indirect process in that 
the ammonia is either directly recovered as 
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ammonium sulphate without 
the condensation of liquor, 
or part of the ammonia is 
directly recovered oa sul- 
phate and part as an 
aqueous solution which must 
be distilled for recovery of 
the ammonia. 

The Olio Direct Recovery 
Process. — This process, which 
is represented diagram- 
maticftUy in Figs, 6 and 7, 
consists m extracting all the 
tar from the hot gas above 
its dew point, and then 
forcing the tar-frec gas, with- 
out any re-heating, through 
a saturator in the mam 
circuit containing dilute sul- 
phuric acid, under conditions 
such that the natural heat 
in the gas, aided by the ex- 
othermic interaction of the 
ammonia and sulphuric acid, 
keeps the volume of the ab- 
sorbing liquor constant and 
the separation of ammonium 
sulphate proceeds continu- 
ously. 

Such a method of “ direct 
recovery ” entirely dispenses 
with the use of water coolers, 
ammonia scrubbers, lime mixers, ammoniaeal 
liquor stills, and waste liquor tanks, reduces the 
loss of ammonia to a minimum, economises 
space and labour, and avoids the making of 
deleterious effluents which were formerly a 
serious source of trouble. 

The credo gas leaves the ovens by means of 
the usual ascension pipes and enters the hydraulic 
main through which tar is continuously cir- 
culated, in order to remove any heavy tars or 
pitchy matter deposited therein. From this 
point tho gas travels through a long horizontal 
overhead “ air cooler," the real function of which 
is to cool the hot gas to a temperature just a 
little above its dew-point, which vanes according 
to the amount of moisture which the gas cames 
over from the ovens The amount of cooling 
necessary therefore depends somewhat upon 
the nature of the coal, but chiefly upon its 
moisture content when charged into tho 
ovens. 

Recovery of Tor and Ammonium Chloride „ — 
After leaving the air cooler, the gas passes on to 
the “tar extractor." B. It is here met by a 
large volume of hot tar and liquor which is 
pumped into the apparatus and forced “ injector- 
wise ” through a narrow nozzle under high 
pressure, in such a manner that it is broken tip 
into a fine spray. The credo gas is drawn 
into the apparatus by this “ injector ** action, 
and the sprayed tar and liquor dash against the 
small tar resides contained in the gas. This 
mechanical spraying of the gas, together with 
the solvent action of the washing medium, 
results in the complete removal of tar, Including , 
tar fog, from the gas. which passes out of the 
extractor in a perfectly clean condition. Also, 
it should he noted that if a “ salty ” coal is 



Icing carbonised, so that the credo gas contain* 
ammonium chloride, the latter may be removed 
at the tar sprays as a fairiy strong aqueous 
solution. Indeed, ** fixed ammonia " generally 
may bo removed at this point provided tho 
temperature conditions are tuch as will allow 
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of the condensation of a small amount of liquor 
in the apparatus. From this the importance of 
a perfect control of the temperature of the gas, 
both in entering and leaving the apparatus, ■will 
be understood. The tar extracted from the 
gas overflows into the tar deposit tank, C, 
which also serves to recover any tars which 
separate in the long “ air cooler,” A, already 
referred to. 

Recovery of Ammonia . — The tar-free gas, 
which still contains the free ammonia, benzol, 
and nearly the whole of the naphthalene and 
water vapour, passes onward, at a temperature 
(say between 65° and 75°C.) so regulated 
as to be near to (but not below) its dew-point, 
into the large enclosed “ saturator,” D, contain- 
ing a hot saturated solution of ammonium 
sulphate plus an excess of sulphuric acid. In 
this apparatus, which is lead-lined and cased 
in a cast-iron framework, the gas is divided 
into a very large number of small streams, and, 
under the suction of an exhauster, K, applied at 
a point further along the system, it is drawn 
through the seal of the acid liquor, whereby all 
the ammonia is removed, and precipitated as 
sulphate in the coned bottom of the saturator. 
The exothermic reaction serves to keep the 
temperature of the gas above the dew-point, 
so that no condensation of steam occurs in the 
saturator. The salt is mechanically and con- 
tinuously ejected from the apparatus by means 
of compressed air, together with a certain 
amount of solution, into the cone-shaped 
receiver, E. The ammonium sulphate crystals 
settle to the bottom of this receiver, while the 
hot mother liquor overflows from the top and 
finds its way back into the saturator. When 
this cone-shaped receiver is full of the crystal- 
lised sulphate it is passed into a centrifugal 
dryer, F. 

In this machine the sulphate is made 
thoroughly dry in about three minutes, the 
mother liquor thus extracted mixing with the 
above-mentioned mother liquor and with it 
flows back into the saturator, while the dried 
sulphate of ammonia is dropped through the 
bottom of the centrifugal machine, sufficiently 
dry to be immediately bagged and shipped 
or put into stock, as shown at G in the 
diagram. 

Recovery of Naphthalene . — The gas from the 
saturator, which is now free from both ammonia 
and tar, but still contains the benzol, moisture, 
and naphthalene, passes through a lead-lined 
catch pot (seen as an enlargement in the gas 
main, whose function is to prevent any acid 
spray being carried over from the saturator) 
and on to the naphthalene extractor and spray 
cooling tower, H. This tower is quite devoid of 
any filling, but at the top there are several jets 
through which cold water is sprayed at high 
pressure. The action of this mass of finely- 
divided cold water beating suddenly on to the 
hot gas produces a rapid chill, which, together 
with the concussion brought about by the 
water, precipitates and washes out practically 
all the naphthalene, which flows away along 
with the water into a catch tank below. The 
naphthalene is filtered off while the water can be 
either allowed to flow away or re-cooled and used 


RECOVERY OF BY-PRODUCTS. 265 



over again continuously, as circumstances 
permit. This tower also serves to cool the 
gases. It is necessary to extract the 
naphthalene, otherwise it would pass on to the 
benzol scrubbers, where it would be dissolved 


Fro. 7. — Otto Direct Recovery Process. 
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by the wash oil, which would very soon become 
saturated with naphthalene and rendered useless 
for the purpose of collecting benzol. The 
naphthalene thus extracted is of a pale yellow 
colour, and is readily sold at a price which 
more than pays the cost of running this part of 
the plant. 

Recovery of Benzols - — The gaa now being cool, 
but still containing the benzol, passes through 
the exhauster, K, and a second water cooler, L, 
which takes out the last tracts of naphthalene, 
and thence to the benzol scrubbers, MM, which 
vary in number according to the size of the 
plant. These scrubbers are from about 50 ft. 
tr 70 ft. high, the lower portion forming a 


reservoir for the circulating benzol wash oil, 
and the remaining portion being filled with 
wooden grids. Benzol wash oil is constantly 
circulated downward over these grids, the gas 
having to pa«3 upward through them. By this 
means the gas is brought into very intimate 
contact with the oil, with the resulting absorp- 
tion of the benzol. After leaving these scrubbers 
the gas passes either wholly back to the ovens, 
or in the case of regenerative ovens, about 
one-half of it returns to the ovens, and the 
other half is used either for finng boilers, 
town lighting, operating gas engines, or other 
purpose. 

According to E. Bury (Trans. Inst. Min. Eng. 



1011, p. 537), the following temperatures were 
observed in a plant at New Brancopeth Colliery 
(Co. Durham) : 

•C. 

Hydraulic main . . . 225 

Before tar extraction . 88 
After tar extraction . . 68 
In saturator .... 67 
After saturator ... 68 

After exhauster ... 6® 

Distillation and Bectijication of Benzols . — The 
“ wash oil ” containing the benzols in solution 
is sent to the continuous crude benzol still, 
N (Fig. 7), where, after being pre-heated by the 
hot vapours coming away from {bp etui, it 


passes downward over a series of trays. Dry 
steam at about 100 lb. pressure, reduced, 
however, at the still to 10 lb. pressure, is 
delivered into the bottom of the apparatus, and 
passing upwards bubbles through the wash oil, 
liberating the benzol hydrocarbons which it 
tames over into the condenser, P. Hero the 
steam and benzols aro condensed, and the 
condensed water and oil separated. Tho crudo 
benzol then either passes into a storage tank, or 
(if its rectification la to be earned out) into the 
“ primary rectifying still," S. The debcnzolised 
“ wash oil " leaving the crude benzol atiil is 
passed through tho refrigerator. It, whence, 
after being cooled to tho ntmosphcnc tempera, 
ture. It is sent into the ** oil storage tank,’* T, 
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and from there it is used again in the benzol 
scrubbers. 

The crude benzol is first of all fractionally 
distilled in the primary rectifying still, S, 3,000 
to 6,000 gallons capacity and intermittent 
in its working, in which it is heated under 
reduced pressure by means of steam coils, and, 
with the aid of a long dephlegmating column, 
it is separated into : 

(1) Crude 90% Benzol. 

(2) Crude 90% Toluol. 

(3) Crude 90% Xylol. 

(4) Crude 90% Solvent Naphtha. 

Each of these fractions is separately condensed 
and pumped into a large vessel, V, termed the 
agitator, where it is successively treated with 
(a) pure strong sulphuric acid, and (b) a solution 
of caustic soda, in order to remove all resinous, 
basic, or acidic substances. Each of the 


“ washed ” fractions is finally refractionated 
under reduced pressure in the “ secondary 
rectifying still,” W, and the re-distilled resulting 
fractions, after condensation, are sent forward 
into their respective storage tanks, XYZ, ready 
for transport. 

Other firms (e.g., the Simon-Carves, the Collin, 
and the Simplex Companies) have also adopted 
efficient “ direct recovery ” processes, on much 
the same lines as the Otto process just described, 
the chief difference between them being in the 
precise mechanical arrangement for the removal 
of tar and tar fog from the hot gas before it 
enters the saturator where the ammonia is 
absorbed. 

The. Koppers' Semi-Direct Recovery Process . — 
In this process (illustrated in Fig. 8), the 
hot gases from the ovens are first cooled approxi- 
mately to air-temperature in the primary coolers, 
A, where the tar and water vapours are con- 



ACIDUUVTING .. 

Fiq. 9. — Diagram of Plant for the Refining of Benzol by Means of Silica Gel. 


densed. The gases are then drawn by the 
exhauster, C, through the tar-extractor, B, 
where the last traces of tar fog are mechanically 
removed. The tar-free gases are next heated 
to about 50° to 60°C., in the re-heater D, by means 
of exhaust steam obtained from the engines 
used in the recovery plant, and are then brought 
into contact with sulphuric acid in the saturator, 
F, where the ammonia is removed as ammonium 
sulphate. 

The tar and ammonia liquor which are 
extracted in the primary cooler and tar extractor 
are collected and delivered into the decantation 
tank, G, where separation takes place, the tar 
and liquor being separately run into the storage 
tanks H and J. The liquor is continuously 
pumped into the ammonia still, K, where the 
free and fixed ammonia are driven off by steam 
and lime. The vapours from the still are 
returned into the gas-stream and pass with it 
into the saturator. 

After leaving the saturator, the gases pass 
through the acid-separator, L, where any acid 
spray carried forward from the saturator is 


removed, and thence are conducted by the main, 
M, to the benzol-recovery plant which operates 
on the same general lines as that already 
described. 

As an alternative to the oil-washing process, 
the recovery and refining of benzol by solid 
adsorbents (silica gel or activated carbon) has 
been developed. For the use of activated 
charcoal for this purpose, see end of article. 
E. C. Williams (Proc. Chem. Eng. Group, 
S.C.I. 1924, 6, [A], 95-114) discussed the 
principles of the recovery of benzol by silica 
gel and described an experimental plant 
designed by the Silica Gel Corporation. This 
process does not yet appear to be operating on 
the large scale, the main difficulty being the 
serious wastage of the gel ; silica gel, however, 
is employed in the refining of benzol, and this 
process is dealt with below. 

Benzol Refining by Silica Oel . — The silica gel 
process for benzol refining is primarily catalytic, 
polymerisation of the gum-forming impurities 
being initiated by acid treatment, the gums are 
then deposited on the surface of silica gel, where 
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they act aa catalysts to polymerise the remain- 
ing unsaturated hydrocarbons. The erode 1 
benzol is pumped through a tubular steam heater 
{the “ acid ulation heater " in Fig. 9, p 261) to 
raise its temperature to about 40°C. Thence it t 
flows through two Venturi meters ; while passing 
the first, 0 1% of concentrated sulphuric acid is 
added to dry the benzol, and at the second 
meter, 02% to initiate polymerisation. After 
passing through two settling tanks where 
small amount of sludge is drayn off. the acidu- 
lated benzol passes through a coke filter, and 
then pumped ns a heat exchanger, where it _ 
heated by hot benzol from the silica gel perco- 
lator, and is afterwards filtered while hot 
through the “ hot coke filter.” After being 
heated to about 160°C. (under pressure sufficient 
to maintain it in liquid phase), the benzol passes 
upwards through the conical silica gel perco- 
lator where polymerisation and removal of 
gumming constituents arc completed, it passes 
through the heat exchanger counter-current to 
the benzol from the circulating pump, through 
a cooler, and flow meter, and finally, after treat 
ment with cauatio soda to remove acidity, to 
storage. After the silica gel percolator has 
been used to treat 1,500 times its own weight 
of benzol, it is removed for re activation, 
and replaced by a freshly re activated 
charge. 

In dealing with the subject of by-product 
recovery, mention should be made of the 
fact that the rapid development of the synthetic 
ammonia industry has led to a fall in the 
price of ammonium sulphate which has rendered 
ammonia recovery from coke oven gas so much 
less profitable than formerly that in some cases 
it has been abandoned. In Table I the pro- 
duction of ammonium sulphate and ammonia 
liquor at coke oven plants in the United 
Kingdom in 1924 and 1930 are compared. 

The quality of ammonium sulphate now 
marketed is higher than that before the War, 
the salt being neutralised and dried before being 

E laced in storage. The specification of the 
'ritish Sulphate of Ammonia Federation de- 
mands that the salt should fulfil the following 
requirements : Nitrogen content to be not less 
than. Cfl 60%-, (w vad.d.5 gain'd !atad ait 
HjSO*) not greater than 0 025% ; and moisture 
not over 0 20% (±0 05%). 

Table I. — Production or Ammonium Sul- 
phate and Ammonia Liquor at Core 
Oven Plants in the United Kingdom. 



Coke oven gas. 
Mixture of 8 
lorltshire and 
Derbyshire 
coals carbon- 
ised In Becker 
ovens 

Vertical retort 
gas Mitchell 
Halo, gas outs 
Carbonised In 
Glover- \V est 
vertical retort*. 

Percentage : 

CO t . 

22 

08 

CO 

C8 

7 4 

C„H m 

30 

2 2 

ch 4 

28 2 

29 05 

H, 

52 6 

62 0 

O* 

08 

06 

N. . 

C 4 

7 05 

Calortfic value 

(BTh.U.) per eu 
ft. (gross at 15°C ) 
and 760 mm. 

553 4 

554 0 



1021. 1 

1030. 

Total coal carbonised in by- 
product ovens, million 
tons 

1723 

16 51 

Ammonium sulphate pro- 
duced, tons .... 

180,200 

173,100 

Sulphate produced pet ton 
of coal, lb. .... . 

24 2 

23 5 

Ammonia liquor produced, 
tons 

12,700 

5,800 


The Utilisation or Coke-Oven Gas. — 
The similarity in composition of the gas 
obtained from a given coal when carbonised at 
high temperatures either in a coke-oven of the 
type already described or in a vertical gas-rctort 
(as illustrated in Table II) is BUch that the fields 
of utility of coal- and coke oven gases are likely 
to be the same. 

Table II. — Compositions or Coke-Oven and 
Vertical-Rktokt Gases before Benzol 
Recovery. 


Deftenzolised Gas — The amount of benzol 
vapours included among the unsaturated 
hydrocarbons, C n H m , in the above table would 
be approximately 1% in each case, and tho 
effect of removing them would be to reduce tho 
calorific value of the gas by from 6 to 10%. 
The average percentage composition of tho 
'* debenzolised ” gas from typical Durham and 
South Yorkshire coking coals is somewhat as 
follows : 

Calorific value* 
(irihU) 

i per cu ft at 

o o x . x - - 

u u u o l 2 700 mm 

Durham 250520 25 0 55 095 {405 5 net* 8 
S. Yorks 2 4 0 0 2 0 26 4 54 0 91 ® net** 

Amount oj Surplus Gas . — Taking the country 
as a whole, and assuming that the whole of the 
17*4 million tons of coal carbonised in 1935 for 
metallurgical coke was dealt with in regenera- 
tive ovens, tho net calorific value represented by 
the surplus gas (at 5,500 cu. ft per ton) available 
for outside purposes might have been about 
47,300 therms per hour, day and night, or 
sufficient to generate about 490,000 B ll.f, 
continuously in internal combustion engines. 

The most effective utilisation of such a bugo 
surplus of energy is a matter of the highest 
importance to tho nation, and there » no 
doubt that a good deal of the coke-oven gas 
available from existing plants la not being used 
to the best advantage. 

Tabic III, taken from the reports of the 
Secretary of Mines, shows the make of coke- 
oven ga* and how it was oclually used during 
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the period 1932 to 1935. In 1935 the average 
gas production was 10,870 cu. ft. per ton of 
coal, of which 59-5% was used for heating the 
ovens, while a further 23-5% was used for other 
purposes by the oven owners, for steam raising 


or on steel works where the ovens and steel 
works were under common management. About 
11% was sold to gas companies and 3-5% to 
other undertakings, leaving a balance of about 
2£% unaccounted for. 


Table III. — By-Product Coke-Oven Gas Production and Disposal. 


Year. 

1932. 

1933. 

1934. 

1935. 

Cu. ft. per 
ton of coal, 
1935. 


Million cu. ft. 


Total produced 

124,230 

137,492 

177,070 

185,558 

10,870 

Used by Oven Owners. 

For heating ovens 

For other purposes 

| 89,092 | 

81,269 

31,790 

106,519 

40,146 

110,236 

43,731 

6,460 

2,560 

Sold to 

Gas undertakings 

Other undertakings 

15,480 

15,994 

15,941 

6,240 

18,052 

8,276 

20,474 

6,327 

1,200 

370 

Balance 

3,732 

2,251 

4,078 

4,791 

280 


In normal times by far the greater part of the . 
coke manufactured outside gasworks is for 
metallurgical purposes, and chiefly for iron- 
smelting. In cases where blast furnaces are 
attached to steel-works, the utmost fuel 
economy may bo achieved by concentrating 
coke ovens, blast furnaces, steel-furnaces, and 
rolling mills as a self-contained plant on one site 
so that combined surpluses of coke-oven and 
blast-furnace gases may be utilised, thus making 
it possible to produce finished steel sections from 
the ore with no more fuel than the coal necessary 
to furnish the coke required in the blast furnace. 
In such cases there is usually no surplus coke- 
oven gas available for outside purposes except 
at week-ends, when the steel-works and rolling 
mills are shut down. 

Such considerations do not, however, apply 
to independent blast furnace plants producing 
foundry iron (e.g. in the Midlands) or to high- 
grade steel-works (e.g. the Sheffield area) un- 
attached to blast furnaces. In such areas the 
coke-oven plants are usually situated at the 
collieries, and large surpluses of gas are avail- 
able for outside purposes. Thus it has been 
estimated that in 1928 within the area com- 
prising South and West Yorkshire, Lancashire, 
Derbyshire, Cheshire, Notts, Lincolnshire, 
Staffordshire, Leicester and Warwickshire, there 
were available for “ outside " purposes about 
10,000 million cu. ft. of coke-oven gas of an 
average calorific value 500 B.Th.U. per cu. ft., 
of which about 4,200 million cu. ft. were sold 
to gas undertakings, and another 2,150 million 
cu. ft. to other undertakings. Moreover, with 
-new coking plants then contemplated, it was 
considered that the total available surplus gas 
within the area might soon amount to as much 
as about 22,500 million cu. ft. per annum. 
Such a prospect, being subject to fluctuations 
in the activity of the iron and steel industry, 
is therefore to some extent doubtful, which is 
a serious drawback from the point of view of 


public distribution to undertakings outside iron 
and steel works. 

Considerable developments have recently 
taken place in European countries, and par- 
ticularly Germany, in regard to the pooling and 
distribution over large areas of such surplus 
coke-oven gas ; and the question arises whether 
or not some such schemes would be equally 
practicable in certain areas of Great Britain, 
seeing that nowadays there would be no 
technical difficulties to overcome. Thus, for 
example, at the end of 1929 in Germany the 
Ruhr Gas A.-G. (established in 1926) owned 
286 miles of welded steel mains, with a further 
330 miles under construction or contemplated, 
and in 1930 distributed some 21,000 million 
cu. ft. of coke-oven gas ; moreover, in 1929, 
about one-third of the total gas consumed (i.e. 
from gasworks and coke ovens) in Germany was 
derived from the Ruhr coke ovens. The gas is 
guaranteed free from tar and H 2 S, the maximum 
permissible content of NH 3 being fixed at 
0-87 g. and of naphthalene at 4-37 g. per 
100 cu. ft. The price delivered to gas com- 
panies is usually based on a sliding scale accord- 
ing to the price of coal (e.g. to Hanover at the 
equivalent of 11 -6d. per 1,000 cu. ft. up to 
1,765 million cu. ft. per annum, and at 10-6L 
per 1,000 cu. ft. for consumption exceeding 
2,472 million cu. ft. per annum, when the 
price of coking coal is equivalent to 18s. 9 d. per 
ton), but to industrial establishments the price 
is equivalent to 10 d. per 1,000 cu. ft. , 

In 1930 a Departmental Committee of the 
Board of Trade was appointed to inquire into 
the technical and economic aspects of an area 
gas supply comprising the afore-mentioned 
counties in England, and, after hearing much 
evidence, reported that while circumstances 
would not warrant the construction of elaborate 
and expensive systems of trunk mains over the 
whole area, and are not yet favourable for such 
network either in Lancashire or West York- 
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shire, the iron ami steel industry around 
Sheffield and Rotherham offers a good market 
for all the surplus coke-OTen gas likely to be 
available m the near future if it could be Bupphed 
at an average price of 2 d per therm (=say 104. 
per 1,000 cu, ft.). Accordingly they recom- 
mended the adoption of a scheme for such 
restricted area embody mg the following con- 
ditions (inter aha); (i) To collect gas from 
19 coke oven plants and to take a maximum 
volume of 80 million cu. ft of gas per day, the 
flow of gas to he uniform throughout the 
24 hours of the day , (u) the gas to be purified 
at the coke ovens before delivery into the net- 
work ; (iii) the compressor plants to be in- 
stalled at the coke ovens and their cost and the 
cost of operation to be met by the coke-oven 
owners, such costs being covered by them in their 
price of gas ; (iv) the pressures to be used to 
vary from 2 7 lb to 8 2 lb per sq m , when the 
mains are carrying up to 40 million cu ft. per 
day, and from 4 9 lb to 22 lb , when they are 
carrying up to 80 million cu. ft. per day; 
(v) the length of the mams to be approximately 
73} miles, and to be of steel of medium weight 
varying from 6 in. to 30 in in diameter with 
hessian cloth and with bitumen coating, and 
laid in roads, receiving 3 ft. cover, at an 
estimated capital coat of approximately 
£537,000, (vi) the cost of distribution (ex- 
cluding compression) to vary from 1 33d. per 
1,000 cu ft. (0 25d. per therm) with a volume 
of 40 million cu. ft. per day to 0 064. per 
1,000 cu. ft (0 13d. pex therm) with a volume 
of 80 million cu ft per day 

It was further considered that the con- 
ditions of gas supply in Germany (where town’t 
gasworks production is less than half that m 
Great Britain, and the consumption per head of 
population about 1,800 cu. ft. per annum as 
compared with over 6,000 cu. ft. in Great 
Britain) “ are so dissimilar to those in this 
country that it does not follow that long- 
distance transmission of gas can be introduced 
into Great Britain on the German model.” 

Among other directions in which the surplus 
gases can he utilised to good advantage may be 
mentioned : 

for Steam Ratting and Potter Purpotet . — 
'Ey 'burning t'ho gases m the tubes ol a iionecourt’ 
Boiler, on the principle of “ surface combustion,” 
it is possible to transform 92% of the net heat 
of combustion into the energy of steam which 
can be either (a) converted into mechanical 
power by means of a steam turbine, or (6) used 
for evaporative purposes in connection with 
chemical operations. Or, power may be 
generated from the gases by means of large 
internal combustion engines, with a thermal 
efficiency of, say, from 20 to 25% (»e. from 
rut calorific value of the gas to B.H.P. at the 
engine). And by suitable combinations of 
either (c) boilers, turbines, and dynamos, or 
(d) gas engines and dynamos, electrical energy 1 
can be generated at a very low cost. Many 
collieries now generate from their surplus coke- 
oven gases (or waste heat) sufficient power to 
meet all the requirements of the mine. Others, 
again, sell their surplus gas (or waste heat) 
to a power company, which converts it into 


electric energy which is distributed for public 
consumption over a wide area, as in the North- 
East Coast Power Scheme. 

If no power company, or group of power usera, 
is at hand to purchase the surplus gas (or waste 
heat), it might with great advantage be utilised 
in an adjacent chemical factory. For there is no 
reason why the crude tare, benzols, and naphtha- 
lene produced on the coking plant should not 
be refined and transformed into other more 
valuable products in a chemical Factory on tho 
spot, the heat and power for which would bo 
wholly derived from the surplus gases. Or, 
alternatively, any chemical operations requiring 
cheap electric current might very well be carried 
out in factories erected in close proximity to 
by-product coking plants. 

At a Rato Material in the Chemical Industry . — 
Coke oven gas is an important Source of the 
hydrogen used in the synthetio ammonia 
industry. Thus Polhtt 1 stated that 15 8% of 
the total amount of hydrogen used throughout 
the world for ammonia synthesis in 1930-31 
was derived from coke oven gaa. According to 
PaUemaerts,* the relative costs of preparing 
hydrogen at a pioneer installation for tho manu- 
facture of synthetic ammonia at Ostend, were . 

(i) From water-gas (from coke at 19 64. per 
ton) 8 7 d. per 1,000 cu. ft , and (u) from coke- 
oven gas (at 6 45 d per 1,000 cu ft ) 9 274. per 
1,000 cu ft. 

The residual gaa, after removal of hydrogen, 
has a calorific value some 25% higher than that 
of the coke-oven gas, and could be delivered 
into the mains for industrial purposes. On the 
other hand, during the preparation of hydrogen 
from the gas, three fractions aro obtained, 
(0 a fraction containing about 18% of carbon 
monoxide and 73% of nitrogen, which is used 
on the Continent for the synthesis of methanol, 
(u) a fraction containing about 75% of methane, 
and having a calorific value of about 816 
B.Th U. per cu. ft., which would bo suitable 
as a raw material for synthetic reactions, and 
(in) a fraction containing approximately equal 
parts of ethylene, ethane, and methane, together 
with a little propylene and carbon monoxide, 
which is used at Bdthuno for production of ethyl 
and propyl alcohols 

"Literature — •Tf. A. Bono and O. TT. Tfimus, 
“ Coal, Its Constitution and Uses,” Chap. XXII, 
1930 ; and J. Roberts and A. Jenkncr, " Inter- 
national Coal Carbonisation,” 1034. 

W. A. B. and G. \V. II. 


This process for the recovery of benzol from 
coal gaa is described in detail on account of its 
importance in connection with motor fuel 
production. In this country some 33 million 
tons of coal are carbonised annually by the gas 
and coke-oven industries, and ui 1934 the 
annual total production of refined benzol 
from ail sources had reached just over 32 million 
gallons. This production could be more than 

World Power Conference, Peril n (1030) 

Second International Conference on Bituminous 
Coal, PltUburgh (1028). 
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doubled if all the coal gas made were submitted 
to treatment. In the carbonisation of 1 ton of 
coal about 3 gallons of benzol are formed. 
Part of the benzol is found in the tar, but the 
bulk of it accompanies the gas in which it is 
present at a partial pressure of 7 to 8 mm. 


Formerly the recovery of this benzol was im- 
practicable, but the adoption of by-product 
coke-ovens and the substitution of heating for 
illuminating standards in the gas industry have 
rendered possible the practice of extraction 
processes on a large scale. Prior to 1929 the 



only commercial method in this country was 
that of absorption by heavy oil, which is still 
most widely used. The active charcoal process 
was originated by the Bayer Company (G.P. 
310092, 1916 ; B.P. 166543, 1916 ; A. Engel- 
hardt, Gas-u. Wasserfach, 1921, 64, 205 ; 1922, 
65, 473) and is fairly well known on the Con- 
tinent. A disability of the process as first 
introduced was the short working life of the 


technical advantages over the oil process, and is 
likely to be more widely adopted in the future. 

Description of the Peooess. — Chemically 
activated charcoal of high volume activity and 
low retentivity is used in the form of short rods 
or pelleta 4 to 5 mm. in diameter. The gas to be 


adsorbent, but this difficulty has now been 
largely overcome (H. Hollmgs, S. Pexton and 
R. Chaplin, Trans. Inst. Chem. Eng. 1929, 7, 
102 ; Gas J. 1929, 188, 715). In 1929 the first 
commercial unit was installed by the Gas, 
Light & Coke Company at Harrow, and a few 
years later a large plant was erected at Beckton 
(H. Holhngs and S. Hay, J.S.C.I. 1934, 53, 
143). The active charcoal process has certain 


treated must he free from tar fog, hydrogen 
sulphide and naphthalene, and the charcoal 
plant is accordingly placed at a point in the 
stream where the gas is in this state. The 
process is shown diagrammatically in Fig. 1. 
Gas passes upward through adsorber Al, 


ADSORBER 


HOURS 



Fia. 2. 


^Reproduced by the courtesy of the J.S C.I, 
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containing active charcoal, which retains and cools the charcoal rapidly. After a short 
benzol and certain other constituents of the time cooling water is again circulated through 
gas (e.g. unsaturated hydrocarbons and carbon the coils and adsorption carried to completion, 
disulphide), cold water being circulated through The cycle of operations is thus repeated. The 
the coils at the same time. When the charcoal size and number of adsorbers required are 
in A1 is saturated the gas is diverted to adsorber determined by the volume of gas to be treated in 
A2, while A1 is regenerated. For this purpose unit time, but not less than two adsorbers can 
the cooling water is shut off and steam is passed be used if the adsorption process is to be 
through the coils in order to heat the charcoal, continuous {see time schedule, Fig. 2 on p. 271). 
At the same time direct steam is passed down- The Beckton Plant. — This installation 
wards through the charcoal bed to remove the deals with gas from horizontal retorts and coke 
adsorbed benzol. The mixture of steam and ovens and has a potential output of 20,000 
benzol vapour leaving the adsorber passes to the gallons of benzol per day, recovering 2-9 gallons 
condenser C, and the condensed liquids are from 10,000 cu. ft. of gas with an efficiency of 
separated in the gravity separator S, from which 92-95%. The layout of the plant is shown 
the benzol flows through the meter M to storage in Fig. 3. It is arranged in two halves which 
tanks, while the water runs to waste. When can be operated as a single unit or independently, 
steaming is completed gas is again admitted to Each half has its individual gas inlet main and 
the hot adsorber which removes excess moisture contains four adsorbers. The adsorbers (Fig. 4) 



_ [Reproduced by the courtesy of the J.S.C.I. 

Fig. 4. 


are cylindrical vessels, 9 ft. in diameter and provided for assembling and dismantling parts 
2 ' “• in length, and hold 7 tons (700 cu. ft.) of the plant. Each half of the plant is provided 
of active charcoal, which is supported on with a steam regenerator, a set of tubular 
hinged grids. The charcoal is packed about condensers, a set of preliminary separators, a 
pipe coils used for heating and cooling. The final separator, and a benzol meter. The 
charcoal is charged into the adsorbers from stripped gas is cooled by direct contact with 
closed containers which are run into position on water in three gas coolers which condense the 
overhead trucks. For discharging the charcoal water removed from the hot charcoal after 
the grids are lowered at the centre by means of steaming. Cooling water for all purposes is 
special gear and the spent material received supplied by electric pumps, but the water cir- 
mto similar containers placed underneath, culated through the adsorber coils is contained 
communication between the two levels is effected in a closed system charged with de-aerated, 
hy a hydraulic lift. Overhead cranes are condensed steam to minimise corrosion 
Vol. III.— 18 




274 COKE MANUFACTURE AND THE RECOVERY OF BY-PRODUCTS. 

Operation op Plant.— There ia considerable either in reserve or being recharged. Gag ; s 
latitude in the rate of passing gas -which may passed until the benzol “ breakpoint ” u 
vary from 300,000 to one million cu ft. per reached as indicated by flat flame burners fed 
hour per adsorber. The number of adsorbers at from the outlet stream. The stripped gas at 
work: is governed by the amount of gas being first bums with a practically non-Iuminous 
made and by the age, »«. activity, of the flame, but as little as 0 04 gallon of benzol 
charcoal in u 9 e. At full capacity five are under per 10,000 cu. ft. of filtered gas shows a* a 
gas, two under steam, and the remaining one luminous fringe in the flame. In steaming, the 



llteprodu'td ty the eourtiiV ojtheJ&C /. 


direct and indirect steam supplies are turned on cycle cooling water is not used for the first 
simultaneously. The adsorbed gatea first evolved 20 minutes, so that the charcoal may be 
contain benzol and are returned to the inlet •nfijciently dried by the rich gas. 
stream. After 5 or 6 minutes, at a temperature Steam Requirements — Direct steam is iised 
of 80°C., benzol commences to be evolved, at 2 to 3 lb. pressure and ia made up partly of 
Steaming is continued 30 to 40 minutes, accord- steam from high pressure mains and partly of 
lag to the ttgeof the charcoal, which ia finally steam produced in the steam regenerator (Fig. 0). 
raised to a temperature of 125°C., and contains Cheap exhaust steam may replace a considerable 
15% moisture. In the subsequent adsorption part of the high pressure steam when two 
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adsorbers are steamed simultaneously, as the 
table shows. Indirect or coil steam is taken 
from high pressure mains after reduction to 
80 lb. pressure, and de-superheating. Require- 
ments and distribution of process steam are 
shown in the following table. 



Steaming 

one 

adsorber. 

Steaming 
two adsorb- 
ers at once. 

Indirect, to coils . 

lb. 

1,000 

lb. 

2,000 

Direct steam : 

(a) High pressure 

steam .... 

6,000 

6,000 

(/>) Regenerator steam 

4,500 

5,000 

(c) Exhaust steam . 

— 

10,000 


11,500 

23,000 


About 6% only of the total heat requirements 
of the process are accounted for by the latent and 
sensible heats of rhe benzol. The rest is used in 
raising the temperature of the adsorber and 
contents. The average overall steam consump- 
tion is about 34 lb. per gallon of benzol. 

The Steam Regenerators. — These are an 
important feature of the plant and supply 32% 
of the heat contained in the distillate leaving 
the adsorbers. A regenerator is shown diagram - 
matically in Fig. 5. Distillation vapours 
from the adsorbers pass between a nest of 
tubes between two header plates before entering 
the condensers. A Do Laval steam ejector in 
communication with the top of the chamber 
produces a partial vacuum and lowers the 
boiling-point of the water in the tubes so that 
heat is transferred from tho vapours to the 
steam produced which is entrained by the 
high pressure steam in the ejector. The feed 
water consists of condensate from the adsorber 
coils augmented by softened water from outside 
sources and is maintained at constant level by a 
float valve. The two regenerators supply 
between them 4,500 lb. of steam per cycle. 

Practical Aspects of the Process. — Tho 
adsorptive capacity of the charcoal varies but 
slightly with changes in benzol concentration 
in the gas, e.g. an increase from 2-13 to 2-85 
gallons per 10,000 cu. ft. only increases the 
capacity from 32 to 33% by weight of adsorbent. 
Since the “ slip ” of benzol is unaltered the 
recovery efficiency is also increased. The 
adsorptive capacity is considerably lowered 
by the presence of moisture in the charcoal or 
in the gas. It is therefore an advantage to have 
the gas as dry as possible. 

The efficiency of recovery of benzol increases 
by about 1-2% per degree C. fall in temperature ; 
hence one reason for cooling the charcoal during 
adsorption. The heat of adsorption of benzol 
(340 B.Th.U. per lb.) is sufficient to raise the 
charcoal temperature to 140°C., but this is 
dissipated at such a rate by the coil water, 
effluent gas, etc., that the adsorption tempera- 
ture remains in the region of 20°C. The most 
effective cooling is provided by evaporation of 
residual moisture in the adsorbent which lowers 


the temperature from 120°C. to 60°C. in 20 
minutes, and is of great importance in prolonging 
the working life of the adsorbent. 

The last traces of benzol are difficult to 
remove from the charcoal and practically 
desorption is at an end when the ratio of direct 
steam to recovered benzol is 10 : 1, i.e. after 
about 20 minutes. At this point, however, tho 
charcoal temperature is too low for efficient 
drying, so that steaming is continued for a 
further 10 to 20 minutes (the newer, i.e. the 
more active, the adsorbent, the greater is the 
amount of steam required). 

Depreciation of the Adsorbent. — Hydro- 
carbons of high molecular weight and certain 
unsaturated hydrocarbons adsorbed from the 
gas are preferentially retained by the charcoal 
after steaming. These accumulate in the 
charcoal and gradually impair its activity 
towards benzol. The unsaturated hydrocarbons 
are particularly troublesome in this respect 
because when the charcoal is heated they 
polymerise into gummy substances for which 
the adsorbent has a high capacity, and which 
can only be removed by oxidation at high 
temperatures. The rapid deterioration of the 
adsorbent proved to be a serious disability of the 
active charcoal process which was at first 
uneconomic through this cause (H. Hollings, 
S. Pexton and R. Chaplin, l.c.). Operative 
procedure has now been so much improved 
that the adsorbent can be used from 
1,500 to 1,900 times, and made to recover 
about 175 times its own weight of benzol 
before needing replacement. The following 
practices are mainly responsible for this im- 
provement : 

(i) the passage of steam countercurrent to 

gas; 

(ii) tho simultaneous use of direct and 

indirect steam at high rate, which limits 
the heating period ; 

(iii) the adjustment of a critical moisture 
content in the charcoal after steaming so 
that it cools rapidly in contact with rich 
gas. 

In this connection the employment of charcoal 
of low retentivity, i.e. of low capacity under the 
desorption conditions of the process, is obviously 
important. 

Spent charcoal contains about 33% of fouling 
material, but may contain as much as 45%. 
A more or less complete regeneration may be 
brought about by the action of air or of steam 
with air at 500-600 c> C. (B.P. 313154 and 
338500, 1929). In these processes the fouling 
matter is carbonised and burnt away but a 
certain loss of adsorbent is inevitable. A 
recent process based on hydrogenation of the 
fouling material under pressure, and which 
entails no loss of adsorbent, is described under 
B.P. 374597, 1932. 

Sulphur Removal. — In adsorbing benzol 
active charcoal also removes sulphur compounds 
from the gas. Practically all the carbon 
disulphide and thiophen are removed in the 
early stages, but as the benzol breakpoint is 
approached some carbon disulphide and 
other volatile sulphur compounds are dis- 
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placed into the filtered gas. Fig. 6 shows in a 
typical manner the variation of total sulphur 
content of the outlet gas from a 1-ton adsorber 
up to the benzol breakpoint. At this point the 
average sulphur content of the filtered gas 
corresponds with a purification efficiency of 


75-80%, which compares favourably with 
processes specifically devised for sulphur 
removal. Higher purification efficiencies could 
be obtained by reducing the ratio of gas to 
charcoal, but such reduction would loner the 
benzol output of the plant and increase the 



consumption of steam per unit of benzol 
recovered. 

Points in favour of the active charcoal process 
are; 

(i) high recovery efficiency ; 

(u) low steam, water, and power consump- 
tion; 

fm) purification of the gas from sulphur. 

From the economic point of view there seems 
little to choose between the active charcoal and 
oil processes (o. Adsorption, Vol. I. p. 150a) 

R.C. 

COLAM INE c. Choune. 

COLCHICEINE r. Colcotcum. 

COLCHICINE v. CoLcmcoi. 

COLCHICIN 1C ACID e. Colciucum. 

COLCH1CUM and COLCHICINE. Col- 
thiriim autumnal* Linn. (Fam. Liliace*), Meadow 
saffron (Fr. Colchiqut, Ger. Uerbstzextlose) ; the 
plant is found in meadows and pastures through- 
out Europe, where its crocus like flowers, usually 
of a blac hue, occur in September and October. 

The Brussels conference agreed that the seeds 
only should be used ; in the “British Pharmaco- 
peia," 1032. the seeds and corms are official; in , 
the “ United States Pharmacopoeia,” 1936, the 
seeds and the alkaloid colchicine are official. 
The alkaloidal content of the plant vanes greatly, j 
mostly from 0-2 to 0*8% m the seeds (“ Bntish 
Pharmacopoeia”; 1932, not less than 03%; 
“ United States Pharmacopoeia,” 1938, not less 
than 045%), from 0-1 to 0-5 in the corms 
(“ British Pharmacopoeia,” 1932, not less than 
0-25%). Colchicine occurs to a slight extent 
also in the flowers. 

Colchicine is present in other species of the 
same genus and also in the large tubers of 


Qloriosa superba (Fam. Dili ace*) common in 
India and Ceylon (0 3% of '* gloriosine,” 
Clcwer, Green and Tutin, J C.8. 1915, t07, 
839). Klein and Pollauf (A. 1931, 778) found 
colchicine in considerable quantities in tho 
following Lihace* : Bulbocodium, Tofieldta, 
Veratmm anthericum, Ilemtrocalhs, Ormtho- 
ffalum, Tvlipa; tj. also Albo (J.C.S. 1901, 80, 
II, 679). Fourment and Roques (Amer. Chem. 
Abstr. 1927, 21, 2166) isolated colchicine from 
Mertndera Bulbocodium (Fam. Liliaee*) 

Extraction of Colchicine. — The alkaloid occurs 
as free base in the plants ; all preparations of 
colchicine are baaed on its removal from acid 
or neutral solution by CHCI,. Chemmtius (J.pr. 
Chem. 1928, (uj, 11B, 29) proceeds as follows : 
Ground seeds are exhausted with hot 80% 
EtOH and tho solvent evaporated. Fat and 
resins axo removed by addition of molten 
paraffin wax to the still warm concentrated 
solution, which when solidified can be removed 
mechanically. Water is added to precipitate 
further amounts of tarry material. From the 
aqueous solution tho base is then shaken into 
CHCI,, this solvent evaporated and last traces 
removed by distillation with absolute El OH. 
The chloroform. free alcoholic solution is filtered 
and the alkaloid precipitated with four times its 
volume of Et,0, when a slightly yellow serai- 
crystaUwe powder melting between 135* and 
145* is obtained. The salicylate is then usually 
prepared. 

For accurate assay of the seeds, see “ British 
Pbarmscopceb," 1932, p. 131 ; and “United 
States Pharmacopeia," 1036, p. 127, Further 
references, see Self and Corfield (B. 1932, 1135). 
Hooper and King (Pbarro. J. 1923, 111, 161), 
Grier (ibid. 87). 
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For mieroehemical identification of colchicine 
with platinirhodanide, see Klein and Pollauf (l.c. 
1931), colour reactions of colchicine, see Ekkert 
(A, 1926, 533 ; ibid. 1929, 86), estimation of 
colchicine with phosphotimgstic acid, see Davies 
(Amer. Chem. Abstr. 1921, 15, 3894). 

Colchicine (I), C 22 H 25 0 6 N, [a]™' 5 -120-6° 
(in CHClj) and —429° (in H 2 0), m.p- 
155-157°, soft pale yellow needles from 
CH 3 -C0 2 Et (Clewer, Green and Tutin, l.c. 
1915). The alkaloid is usually seen as a yellow 
anhydrous varnish, m.p. 142°-147° ; Zeisel first 
crystallised it from CHCI S with two molecules 
of CHClj of crystallisation ; according to 
Merck (Pharm. Zentr. 1916, 57, 619) there are 
two such compounds, B-CHCI 3 and B 2 -CHC1 3 . 
The crystalline colchicine is mostly the latter 
compound in which 14-16% CHCI 3 is retained 
tenaciously, and is only given off slowly at 100°. 
According to Merck, pure (I), dissolved in 3 
parts of H,0, slowly crystallises as the hydrate 
B 2 -3H 2 <p. 

(I) dissolves slowly but abundantly in 
H 2 0, readily in dilute EtOH, CHCI 3 , and 
hot benzene, less readily in hot H 2 0 (12%) or 
absolute EtOH, hardly at all in Et 2 0. 

Being an acid amide, (I) is a very feeble base 
and one of the few alkaloids which can be ex- 
tracted from acid solution by CHCI 3 . No salts 


are formed except an aurichloride, m.p. 209°. 
Dilute mineral acids and alkalis colour col- 
chicine solutions intense yellow. HNO a 
(d 1-4) colours the solid alkaloid a deep violet, 
changing to yellow and finally to green (char- 
acteristic). Tannic acid, phosphomolybdic 
acid, potassium triiodide, and bismuth potassium 
iodide are the most sensitive precipitants. For 
dissociation of (I), see Kolthoff (Biochem. Z. 
1925, 162, 348) ; for absorption-spectrum of (I), 
see Purvis (J.C.S. 1927, 2715). 

Constitution of Colchicine. — Early work on the 
constitution of (I) is due to Zeisel and co- 
workers (Monatsh. 1883, 4, 162 ; 1886, 7, 557 ; 
1888, 9, 865 ; 1913, 34, 1327, 1339), but only 
the brilliant research of Windaus and co-workers 
gave definite information (J.C.S. 1911, 100, 
I, 904 ; 1915, 108, I, 708 ; 1924, 126, I, 72 ; 
Annalen, 1924, 439, 59 ; Ber. 1924, 57, [B], 
1871, 1875). 

(1) contains a N-acetyl and four MeO -groups; 
if it is heated for a short time with 0-5% H Cl or 
weak alkali, colchice'ine (II) is formed with loss 
of one MeO-group. Contrary to (I), which is 
a practically neutral substance, (II), 

C 21 H 23 0 6 N,iH 2 0, 

has weakly acidic properties ; m.p. 139°, or 
anhydrous m.p. 172° ; it gives a green 


O O OH 
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coloration with ferric chloride characteristic for 
an enohc form of a fl-keto aldehyde (heto 
hydroxy-methylene grouping, tautomeric with 
an o hydroxy-aldehyde). 

By methylation (II) la transformed back to 
colchicine and A’-metby 1 colchicine. By the 
action of bypoiodite the enolic aldehyde group 
in (II) is replaced by iodine, a transformation 
characteristic of o- and p hydroxy aldehydes, 
the resulting compound is called If acetyl- 
lodocolchtnol, CjaHjjOjNl (III). 

If (I) is heated with 15% HCI the N acetyl 
group is removed as well as one MeO-group 
and frimriAyfcofcAieinic acid, C n H«0 } N (IV), 
results The latter compound yields salts with 
alkalis and acids. By treating (IV) with hydro- 
iodic acid, the remaining threo MeO groups are 
removed and colcfitcinic acid results. 

By oxidation of (1), (II). (Ill), or (IV) with 
permanganate 3 4.5 tnmethoxyphthahe (from 
ring 1) and euccimc acids are obtained. By 
potash fusion and subsequent permanganate 
oxidation terephthahe and tnmellihc (V) 
(l:2.4-bcnzcnetncarboxylic) acids are obtained, 
indicating the presence of a second six-membercd 
ring (ring 2 ) 

A’-acctyl lodocolchtnol (see above) haa a 
phenolic OH group aril can easily be methyl 
ated. If this methyl ether is oxidised first with 
nitric acid and then with permanganate, rings 
1 and 2 are destroyed and todo m ethoxy -phthahe 
acid (VI) is isolated from the oxidation mixture 
This latter acid originates from the tlurd six- 
membered ring present in (I). 

The mcthylcther of (III) (tee above) can be 
reduced (elimination of iodine) and hydrolysed 
(elimination of acetyl group) to colchmol- 
methylethcr, C„H t 3 OjN; this compound 
is then submitted to a Hofmann degradation, 
which eliminates NH, and generates a 
double bond in the central ring, forming 
2:3:4 : 6 - tetramethoxy - 9 • methyiphenanthrene 
(VIII). This compound was further trans 
formed into 9 mcthjlphcnanthrcne, which was 
identical with a synthetic product. 

(II is the only known alkaloid which does not 
contain a heterocyclic A’-atora yet is highly 
poisonous This may be connected with tho fact 
that Colchicum autumnale belongs to the mono- 
cotyledons usually devoid of any alkaloidal 
constituents. 

For tctrahydrocoIchicine.mD.R. P.2799 99, for 
octnhydroeolchicme, C I 1 H 31 O l N, tee Windaus 
(Annalen, 1924, 439, 74). (II) docs not occur 
naturally; if obtained by extraction of col- 
cbicum, it is a secondary degradation product. 

Phyttologtcal Action of Colchicum — Colchicum 
is employed in medicine chiefly as a remedy in 
gout and rheumatism, and colchicine itself, 
mostly as the salicylate, ha* been similarly used 
The alkaloid Is highly poisonous ami not more 
than 3-4 mg of crystalline (I) per diem should 
be given ; lethal dose for rabbits 4 rag., for 
mice 3 mg , for dogs and cata 1 mg. ikt kg. of 
body-weight. (I) is a slow poison winch only 
acts after an incubation penod, very similar to 
the one of bacterial toxms. Owing to its slow 
absorption (possibly by the gradual formation 
of an oxidation derivative) into the central 
nervous system, no symptoms arc shown for 


several hours after its administration. It first 
excites and then paralyses the nerve endings 
(I) causes acute intestinal pain with nausea and 
diarrhtEa, and in mammals poisoned with (I) the 
alimentary canal shows all the symptoms of 
acute gastro-enteritis. 

Cf. Winterstein, “ Die Alkaloide,” Berlin, 
1927, p. 147 ; and Henry, “Plant Alkaloids," 
2nd ed., p. 391. 

Schi. 

COLCOTHAR (sym. Caput mortuum). The 
reddish-brown residue of ferric oxide formerly 
obtained in the manufacture of fuming oil of 
vitriol from iron sulphate. 

COLEMANITE.Ahy drated calcium borate, 
Ca.B 4 Ojj. 6 HjO, containing 60 9% boron tri- 
oxide. It is found in California at Death Valley 
in Inyo Co., and in the Calico district in San 
Bernardino Co. ; and although not discovered 
until 1882 and 1883, is now of some importance 
as a material for the preparation of borax and 
boracic acid. Cavities in the massive, white 
material aro lined with beautiful, water-clear 
crystals with a profusion of brilliant facets . 
these aro monoclmic, with a perfect, pearly 
cleavage parallel to tho piano of symmetry. 
They are considerably harder (H. 4—1}) than 
borax , sp gr. 2 42. The mineral forms, to- 
gether with other borates and borosilicatcs, a 
bed 7 to 10 ft. in thickness in sandstones and 
clays. 

The compact minerals, pnteile from Oregon 
and pandermile from Asia Minor, havo very 
nearly tho same composition 

(CagBj,0 X j,9Hj0), 

and they have been regarded as impure, masaivo 
varieties of colemamte. E. S. Larsen (1917) 
bos, however, by an exammation of the optical 
characters established the identity of priceite 
and pandermite, and proved them to bo tnebme 
and distinct from colemamte. These also aro 
mined ns borates. 

L. J. S 

COLLARGOL. Colloidal compound of al- 
bumen and silver, containing 70% or more Ag 

COLLIDINES. Tnmethylpyridines are so- 
called, e g. 1:3.5 and 1:3.4. 

COLLI N . A preparation made by licatmgan 
extract of hide pow dei or gelatine solution with 
caustic soda and neutralising with acetic acid. 
Used in tho analysis of tannin and tanning 
materials (Parker and Pay e, J.S C.I 1901, 23, 
G48; Wood and Trotraan, 16 id. 1071) 

COLLIRON. Colloidal iron, 10%, with a 
trace of copper, used for treatment of nrumms 
(Etaaa Sont, Letcher, and II 'ebb, Liverpool) 
II P.C. 

COLLODION (syn. Collodin ra) 0 . Celluloid 
Plastics 

COLLODION COTTON r. Cellulose 
Lacqulks. 

COLLOIDS. As by far tho greater part of 
matter, both organic and inorganic, with which 
man is normally familiar is in the colloid state, 
there is hardly a branch of science or technology 
where colloid concepts have not been applied, 
and hence the literature of tho subject is both 
voluminous and diverse. The development of 
colloid science still continues to be veiy rapid. 
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and several journals are devoted to it alone, 
while papers on colloid Bcience appear in all 
the general journals of pure and applied 
chemistry. 

Colloidal sols of gold, ferric hydroxide, etc., 
were known by the middle of the last century, 
and Faraday with characteristic perspicacity 
attributed the properties of a gold sol prepared 
by him to the metal being in an exceedingly 
fine state of subdivision. In 1861 Graham 
showed that substances which are normally 
easy to crystallise are characterised by a high 
rate of diffusion and by the power to pass 
through certain animal or vegetable membranes ; 
such substances, which included the common 
electrolytes as well as sugars, etc., he termed 
crystalloid s. A further class of materials, in- 
cluding starch, soaps, many dyes, gums, pro- 
teins, etc., which are difficult to obtain in a 
crystalline form, were found to be characterised 
by a low rate of diffusion and inability to pass 
through membranes ; these substances were 
termed colloids. This separation of colloids 
from crystalloids by dialysis, a process depending 
on the inability of the former to pass through 
parchment or collodion membranes, is still 
widely used. 

The term colloid is now employed in quite a 
different sense from that in which Graham used 
it, and it is to be considered as referring not to a 
special class of chemical compounds (although 
proteins, many dyes, etc., normally form col- 
loids spontaneously) but to a state in which all 
compounds and elements are capable of existing. 
From our present standpoint colloids are treated 
as special examples of two-component systems 
in which one substance (the disperse phase) is 
distributed uniformly in the other (dispersion 
medium or continuous phase). Such dispersed 
systems can bo classified into three types accord- 
ing to the fineness of division or degree of dis- 
persion of the disperse phase : (a) mechanical 
suspensions, (6) colloidal solutions, (c) molecular 
solutions. 

The smallest particles which are visible under 
the microscope are of the order of about 0-1 y, 
while the average molecular size is about 
01 my. Between these limits lies the region 
of colloidal particles, a substance thus being 
strictly defined as being in the colloidal state if 
its particles of size 1-100 my. are distributed 
in a continuous medium. It should be realised 
that there is no clearly defined line of demar- 
cation between the three groups of disperse 
systems, the colloids being differentiated for 
practical purposes by their physical properties 
form a continuously graded series. 

The colloidal state is characterised by the pre- 
dominating influence of surface. The enormous 
increase in surface area on subdivision of a cube 
of unit dimensions is given in the table at the 
top of next column (Wo. Ostwald). 

As subdivision increases to molecular dimen- 
sions, intermoleoular and interionic forces become 
of primary importance, so that the effect of 
surface and hence of adsorption is greatest in the 
middle of the colloidal range, in the so-called 
“ zone of maximum colloidality.” The term 
colloid should be extended to include all sub- 
stances (such as charcoal, silica gel, pyrophoric 
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metals) whose surface properties predominate 
over those due to chemical constitution. 


The complete list of possible two- component 
disperse systems is given below, the dispersion 
medium being placed first, followed by the dis- 
perse phase : 


(1) Solid-f solid (ruby glass, alloys). 

(2) Solid+liquid (solid emulsions, minerals 

with sealed liquids). 

(3) Solid-f gas (solid foams, porous solids). 

(4) Liquid-f solid (suspensions). 

(5) Liquid+liquid (emulsions). 

(6) Liquid-f gas (foams and froths). 

(7) Gas-fsolid (smoke, cosmic dust). 

(8) Gas-f liquid (mist, clouds). 


Although it is possible to obtain all the above 
in colloidal dimensions, Nos. 4 and 5 have 
received by far the greater portion of study and 
will alone be considered here. Colloidal sus- 
pensions whether of solid particles or liquid 
droplets are termed sols. 

Classification of Colloids.— Colloidal sols 
differ widely in properties but fall into two 
broad classes, of which colloidal gold and gelatine 
respectively are prototypes. The chief differ- 
ences which serve to classify the two groups of 
colloids are as follows : 

Gold sol type. Gelatine sol type. 


Artificial inorganic col- 
loids. 

Viscosity almost the 
same as that of 
water. 

Concentration always 
low. 

Sensitive to small con- 
centration of elec- 
trolytes. 

Do not swell, un- 
solvated. 

Coagulate to form 
coarse granules, irre- 
versible. 


Natural complex sub- 
stances. 

High viscosity. 


High concentration 
possible. 

“ Salted out ” only by 
high electrolyte con- 
centration. 

Highly solvated, con- 
siderable swelling. 

Coagulate to jelly, 
generally reversible. 


It must be reahsed that the ideal examples of 
the two types are extreme cases of the diversity 
of colloid properties and that there exist 
numerous colloids (e.g. the hydrous oxides and 
hydroxides) whose properties are intermediate. 
The most prevalent usage at the moment terms 
the two classes of colloids hydrophobic and 
hydrophilic according to whether they “ hate ” 
or “ love ” the dispersion medium — water — or 
lyophobic and lyophilic when the classification is 
generalised to include all kinds of dispersion 



media. Gold forms a hydrophobic eol since it 
does not disperse spontaneously and is easily 
separated [eg. by electrolytes) from the dis- 
persion medium. Gelatine, on the other hand, 
is hydrophilic as it disperses spontaneously, is 
stable and, at the same time, becomes highly 
hydrated. Another type of classification terms 
the first class of colloids svspensoid, the dispersed 
particles being eobd, and the second class 
emulsoid, it being assumed, chiefly by analogy 
with coarser emulsions and from viscosity con- 
siderations, that gelatine and other similar 
substances exist in the form of hquid droplets 
when dispersed in water. There is much to be 
said for this theory, but it should be pointed out 
that mercury and certain other emulsoid sols 
[e g. dilute oil emulsions) are of the gold type, 
and that in any case the distinction betw eon solid 
and liquid tends to disappear in the colloidal 
range where surface tension effects become all- 
I important. The chief distinction between the 
two mam classes of colloids is almost certainly 
due to solvation. 

Colloids and tub Ultra microscope — The 
heterogeneity of colloidal sols is clearly shown 
by the Tyndall effect, for though the sol may 
appear to be perfectly clear by transmitted light, 
when a atroDg beam of light is concentrated in 
the sol, its path is marked by an opalescence 
and the resulting light is polarised. This effect 
is caused by the scattering of light by the dis- 
persed particles of the sol. It should be pointed 
out here that solutions of crystalloids (« g. sugar) 
also give a faint Tyndall cone, especially when 
examined by ultra-violet light, and that even 
the purest water is not completely optically void. 
When the Tyndall cone is brought to a focus 
within the sol and the small volume, thus 
brilliantly illuminated, examined through a 
microscope from above, the light scattered 
vertically by the sol particles is observed in the 
microscope. This is the principle of the original 
slit ultramicroscopo of Zsigmondy and Siedcn- 
topf (Ann. Physique, 1903, [iv), 10, 1), the 
optical arrangements of which are shown below 
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Since no direct bght enters the microscope, 
the scattering particles appear as a number 
of bright spots of light against a dark back- 
ground; it is, of course, not possible to see 
the actual colloid particles by the ultra- 
microscope, but only the halo of light scattered 
by each particle. The lower limit of the ultra- 
microscope is 5-10 mp, so that highly dispersed 
sols of definitely colloidal characteristics appear 
homogeneous when examined by this means. 
The intensity of the scattered light depends on 


the difference of refractive index between the 
two phases of the disperse system, and so 
highly solvated colloids such as gelatine in water 
are difficult to examine by this method. Despite 
these limitations the ultra microscope has proved 
to be one of the most powerful weapons of the 
colloid chemist. Many optical modifications of 
the ultramicroscope have been introduced 

The most striking feature of the ultra- 
microscope image is the rapid and unceasing 
motion of the particles — a phenomenon similar 
to the Brownian movement exhibited by email 
particles such as pollen grains, gamboge, oil 
droplets, etc , in water, which is visible m the 
ordinary microscope (R Brown, Phil. Mag. 
1828, 4, 161 ; 1829, 6, 161 ; Edm New Phil. 
Journ. 1828, 5, 358, 1830, 8, 41) It was soon 
realised that this movement was due to the im- 
pact of molecules on the colloidal particles, 
impacts on all sides not cancelling instan 
tancously, and that a visual representation of 
molecular motion in liquids as pictured by the 
kinetic theory was thus obtained. Tho fre- 
quency of motion increases with degree of dis- 
persion. It has been deduced theoretically by 
Einstein and Smoluchowski and demonstrated 
experimentally by Svedberg that colloid particles 
possess the same kinetic energy as gas or dis 
solved molecules, and are subject to the same 
laws (sec osmotic pressure, below) From the 
Brownian movement, calculations of the rate of 
movement of molecular particles have been 
made which are in good agreement with the 
value as deduced from the kmetie theory , the 
value of the Avogadro constant N has also been 
calculated by Pemn, who obtained the value 
N-=6 5x 10** for gum mastic particle* of radius 
6 5/i 

The Preparation op Colloids — As the 
colloidal state is intermediate between mechani- 
cal suspiensions and molecular solutions, col- 
loidal sols may be prepared either by dispersion 
of the former or condensation of the latter. Of 
dispersion method s the simplest is the spontaneous 
dispersion of natural colloids, such as gelatine or 
soap in water, cotton in cuprammomum 
hydroxide and the formation of organosols of 
nitro- or acetyl cellulose, rubber, resins, etc. in 
organic liquids. Mechanical dispersion has re- 
savws) J gsesd riejJ xif Audi \rlriai jflsslScm 
especially since the advent of the colloid mill. 
In one of the commonest types of mill the sub- /■ 
stance to be dispersed, mixed with tho dis- 
persion medium, is made to pass between two 
metal discs, placed close to one another and 
rotating at very high speeds in opposite direc- 
tions (or between a stator and a rotor). In this 
process the coarse suspension particles are torn so 
as to yield particles approaching colloid dimen- 
Sions. It is generally necessary to hai e a dis- 
persing agent present m the initial mixture, other- 
wise tho fine suspension coagulates spon- 
taneously. Owing to the high cost of running and 
maintenance, colloid mills are not an unqualified 
commercial succcs3. For a detailed account of 
colloid mills, see P. M. Travis, “Mechano- 
chemiatry," New York, 1028, where tho practical 
applications of fine suspensions arc discussed. 
Liquid-liquid systems can bo easily dispersed 
mechanically, hut, except where very dilute 
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emulsions are required, an emulsifying agent 
has to be added. Electrodispersion was first 
introduced by Bredig (Z. Elektrochem. 1898, 
4, 514) who prepared metallic sols by arcing 
wires of the metal beneath the surface of the dis- 
persion medium. Svedberg has modified this 
method by enclosing the wires in a silica tube 
which has a hole bored in front of the arc. The 
metal vapour produced in the arc is blown out 
by a stream of inert gas and condenses to a sol 
in the dispersion medium, which is thus not 
subjected to the decomposing influence of the 
arc. The high frequency oscillatory arc has 
also been used with great success to produce 
highly dispersed sols of practically all the metals 
and by a modification of the method ether sols 
of the alkali metals were prepared. Dispersions 
of solids in gases can be produced explosively by 
condensing the gas under pressure in the pores 
of a solid and then releasing the pressure (see 
Sata, Bull. Chem. Soc. Japan, 1936, 11, 443). 
Volcanic dust is produced in this way. One 
of the most important dispersion methods is 
that of peplisation, in which a coarse suspension 
is dispersed to a sol by the action of an elec- 
trolyte ; simple examples are the peptisation 
of arsenic sulphide by hydrogen sulphide and 
of ferric hydroxide by a small quantity of ferric 
chloride. 

Condensation methods of dispersion are more 
numerous. Amongst the simpler methods may 
be mentioned solubility reduction on cooling 
(e.g. sulphur in alcohol) and the effect of solvent 
change {e.g. by dropping an alcoholic solution 
of gum mastic into water), while the formation 
of organosols may be accomplished by the 
simultaneous condensation of a metal vapour 
with that of its organic dispersion medium 
(Boginski and Schalmkov, Kolloid-Z. 1927, 43, 
67) the applications of this method are limited 
by the fact that the metal must be capable 
of subliming at a temperature at which the 
liquid does not char. Another interesting 
method makes use of the silent electric discharge 
(Miyamoto, J. Chem. Soc. Japan, 1934, 55, 
1273) whereby colloidal arsenic can be prepared 
from arsine and hydrogen. By far the most 
important condensation method of colloid 
formation is that of carefully controlled chemical 
reaction. It has been established by von 
Weimam that precipitation from either very 
dilute or very concentrated solution yields a 
colloidal product, whereas at medium con- 
centrations normal precipitates are obtained ; 
excellent examples are afforded by the precipi- 
tation of barium sulphate and of Prussian blue. 
The formation of colloidal materials at high 
concentrations is at first sight unexpected, but 
the explanation is presumably that, formed in 
such close proximity, the molecules have no time 
to arrange themselves into a regular crystalline 
lattice, but remain in an amorphous condition. 
This is borne out by the fact that these amor- 
phous, high concentration sols are unstable and 
ago with the formation of normal crystalline 
aggregates. Nearly every type of reaction in 
solution can thus be made to produce colloidal 
sols, amongst the most useful may be mentioned 
the following : reduction (preparation of 
metallic sols by hydrogen, carbon monoxide. 


and numerous organic reducing agents), oxida- 
tion {e.g. oxidation of hydrogen sulphide to give 
a sulphur sol), hydrolysis (formation of Fe(OH) 3 
sol by hydrolysis of FeCl 3 ; silica gel), double 
decomposition (formation of sols of acids, bases, 
and salts), polymerisation (vinyl esters, styrene, 
etc., Staudinger, Ber. 1926, 59 [B] 3019). To show 
the wide range of possible reactions, mention 
may be made of the formation of colloidal 
sodium chloride by double decomposition of 
thionyl chloride and sodium salicylate and the 
production of colloidal palladium hydride by 
the adsorption of hydrogen by a palladium sol 
(prepared by reduction) ; the hydride sol is an 
excellent catalytic reducing agent. For practical 
details of colloid preparation, see Svedberg, 
“Formation of Colloids” (1921); Holmes, 
“ Laboratory Manual of Colloid Chemistry ” 
(1927) ; Reitstotter, “ Die Herstellung kolloider 
Losungen anorganischer Stoffe ” (1927). 

The Rukification of Colloids. — Dialysis, 
the classical method of separating sols from 
electrolytes is still widely used, dialysers of 
parchment or collodion, which are constructed 
so as to have as large a surface as possible, being 
the most efficient. As this process, depending 
entirely on diffusion, is somewhat slow, the 
method of electrodialysis has been introduced, 
in which the electrolyte ions are made to 
migrate away from the sol on the passage of an 
electric current. The apparatus for electro- 
dialysis is shown schematically below : 
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The sol is enclosed in the compartment A,' 
separated from Ba and Be by the dialysis mem- 
branes M, and M 2 , close to which the elec- 
trodes (dotted lines) are placed. The anode 
should be of platinum, the cathode may be of 
copper or any other suitable metal. There are 
three effects contributing to the separation of 
ions from the colloid : (a) as in the case of 
ordinary dialysis, diffusion, (6) migration of ions 
through the membranes to the electrodes, 
(c) electro-osmotic streaming of the liquid. In 
order that the third cause should be effective, 
the anode membrane should be positively 
charged (prepared from albuminoid materials) 
and the cathode membrane negatively charged 
(collodion or parchment). 

Substances in colloidal suspension pass readily 
through filter papers, but, if the close relation- 
ship between colloids and mechanical suspen- 
sions is borne in mind, it will be realised that 
if the pore size is sufficiently reduced, it ought 
to be possible to retain colloids by filtration. 
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while allowing water as well as dissolved ions 
and molecules to pass through. This has been 
successfully carried out by using gelatinous 
materials, the pores of which are of colloidal 
dimensions and can be varied in size by modifi- 
cations in the methods of preparation. The 
greatest degree of success has been attained by 
ullrafUitrs of collodion supported in the pores of 
filter paper. As the concentration of the im- 
pregnating material is increased, the per- 
meability of the filter decreases, so that a senes 
of graded filters can be prepared which may be 
employed not only to purify colloids, hut to 
sort out the particles according to their sizes 
(Beehhotd, Z. phyeikal. Chera. 1907, 60, 257). 
The pore size of ultrafilters may be calculated 
from the volume of water forced through unit 
filter area in unit time by a given pressure. 
It may be stated that ultrafiltration depends 
riot only on the sieve action of the ultrapores 
but also on the charge on the filter. Collodion 
filters are negatively charged in presence 
of water and allow the passage of negative 
particles more readily than of positive ones. 
This renders determination of absolute size by 
ultrafiltration somewhat doubtful. Electro- 
ultrafiltration is a device to speed up ultra- 
filtration in the same way that electro dialysis 
quickens dialysis. The relative rates of separa- 
tion of electrolytes and non electrolytes by 
the four methods are given m the following 
table (E. Heymann, Z. physikal. Chem. 1925, 
118, 65), a potential gradient of 40 v./cm. being 
used in the electncal processes : 

Process N»Cl Cane iragsr. 

Dialysis 1 0 3 

Electrodialysis .... 168 2 (?) 

Ultrafiltration .... 14 14 

Electro-ultrafiltration . . 182 14 

(For a review of the literature on ultrafiltration 
and an account of the separation of single pro- 
teins, rubber latex, acetone collodion, etc , by 
this means, see Feny, Chem. Bev., June, 1936.) 

Adsorption. — The enormous surface of con- 
tact between disperse phase and dispersion 
medium possessed by substances dispersed 
colloidally has already been stressed. This is 
chiefly important because of the ions or mole- 
cules which can he attached at the interface hy 
adsorption and thus modify the stability and 
properties of the system. Tho term adsorption 
is here used to indicate a concentration or 
attachment of some substances at the interface. 
In a two-phaso system where one of the phases 
is a liquid it follows on thermodynamical 
grounds from surface tension considerations 
that the most stable relation between the two 
phases is the one characterised by a minimum 
surface tension, lienee. If there is present in the 
liquid a substance which lowers its surface 
tension, this substance will accumulate in the 
surface layer. The relationship as strictly 
deduced by Gibbeis D—— where tf is the 
excess of substance at the interface, G its con- 
centration in the bulk of the liquid, o the surface 
tension, B the gas constant, and T the absolute 
temperature. It is seen that when increasing 


concentration reduces the surface tension, 0 
becomes positive ; when it increases the surface 
tension V is negative, indicating a concentration 
in the bulk of the liquid away from the surface. 
This negative adsorption should obviously be 
of a much lesser magnitude than normal adsorp- 
tion, which is in accord with the experimental 
facts. On the other hand, a relatively minute 
quantity of a surface or capillary active com- 
pound will reduce the surface tension enormously 
The fatty acids which are particularly effective 
in reducing the surface tension show an in- 
creasing activity with increasing number of 
carbon atoms in the homologous series (Traube’s 
rule). It is interesting to note also that adsorp- 
tion of these substances on charcoal increases 
m the same order. Capillary activo substances 
(eg. the soaps) abo act often aa emulsifying 
agents in liquid-liquid dispersion j this property 
is closely connected with the fact that there is 
a definite molecular orientation in the adsorbed 
surface layer. 

Gibb's isotherm cannot bo applied directly to 
solid surfaces where dajdC cannot be measured. 
The solid surface is always very complicated 
even with apparently plane crystalline surfaces 
of metals or salts, there are numerous deep 
fissures (Smeckal cracks) between the blocks 
of crystals, as well aa peaka and valleys on tbe 
surface. Atoms on peaks or edges are less 
strongly attached to tho body of the material 
and are consequently very active for adsorption 
and catalysis. Much evidence on active centres 
has recently been obtained by the study of 
differential catalyst poisoning which conclusively 
demonstrates the existence of different types of 
surface atoms. Active centres, which are often 
capable of fixing ions or molecular groups 
chemically, are of fundamental importance in 
colloidal behaviour. For solid surfaces, the 
empirical sorption isotherm of Freundhch, 

— *"10 (where aria the amount adsorbed, tn the 
weight of adsorbent, C tho equilibrium concen- 
tration, and i and n constants), is generally 
appbcablo (see, however, J. W. McBain, “ Tho 
Sorption of Gases and Vapours by Solids," 
London, 1D32, p. 5). 

When an adsorbing surface is placed in con- 
tact with an electrolyte solution it can generally 
he shown that the electrolyte is not adsorbed 
as a whole, but that one ion is moro strongly 
adsorbed than tbe other. If, for example, a 
colloid adsorbs the anion preferentially, the 
excess of cations will arrange themselves as an 
outer ionic atmosphere, the complete formation 
of adsorbed and outer ions constituting an 
electncal double layer. The colloid surface and 
nature of the double layer is well illustrated by 
tbe precipitation of tbe silver halides. In the 
space lattice of silver bromide, of which a two 
dimensional representation is given on Fig. 3a, 
each interior silver or bromide ion is surrounded 
by six equidistant ions of the opposite sign. 
Tho silver ions on the surface, however, are only 
surrounded by five equidistant bromido ions 
(three in tbe plane of the paper, one in front 
and one behind), and similarly each surface 
bromido Ion is surrounded by only five silver 
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ions ; each surface ion thus lacks one ion of the 
opposite sign to saturate its affinity. When the 
particle is present in a solution of potassium 
bromide, bromide ions are preferentially ad- 
sorbed from solution on to surface silver ions ; 
as the added bromide ions are already balanced 
by corresponding potassium ions, a second but 
more mobile adsorbed layer (of potassium ions) 
is formed all over the surface, with the result 
that an electrical double layer is formed and the 
particle becomes a stable negative colloid (see 
Fig. 36). 
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At the point where equivalent amounts of potas- 
sium bromide and silver nitrate are present the 
particles are coagulated as a normal uncharged 
precipitate, but if an excess of silver nitrate is 
present a positive sol results, according to the 
scheme in Fig. 3c. It will be observed that the 
facts outlined above give an explanation based 
on adsorption of the phenomenon of peptisation 
already mentioned; it is seldom, however, that 
peptisation adsorption is quite as simple as the 
case cited here. Further reference to this type 
of adsorption will be found in the following 
sections. 

Electrical Properties of Colloids. — It has 
already been mentioned that the particles of a 
colloidal so] are electrically charged, a property 
which they share with suspensions and other 
surfaces. A qualitative determination of the 
sign of the charge of a colloid may be made by 
a simple adsorption experiment, positive colloids 
being adsorbed by negative adsorbents such as 


silica gel, and negative colloids by positive 
adsorbents such as aluminium hydroxide. The 
sign of the charge, however, is not usually 
dependent on the physical nature of the com- 
pound which forms the sol but, as will be 
evident from the case of silver bromide already 
discussed, is influenced by such quantities of 
electrolytes as may be adsorbed from the 
solution. 

If a direct current is passed through a colloidal 
sol, the charged particles move towards one or 
other of the electrodes ; this movement is 
known as calaphoresis and can be measured by 
the moving boundary method, the boundaiy 
being seen by means of a Tyndall cone ; if the 
colloid is colourless ultra-violet light may be 
used. The Hittorf transport method can also 
be applied to cataphoresis, but by far the most 
satisfactory and convenient measurements are 
made by observing the movement of the actual 
particles across the field of the ult-ramicroscope. 
When the moving particles are discharged at 
the electrodes, they coagulate, an observation 
which suggests a close relationship between 
electrical charge and stability, a matter which 
will be discussed in the next section. The 
effect of small quantities of electrolyte on the 
eataphoretic velocity is particularly marked, 
the influence of the ion of charge opposite to 
that of the colloid increasing very greatly with 
valency. If, instead of allowing the particles 
to move in the electric field, they are held 
stationary in the form of a diaphragm, the 
potential difference between disperse phase and 
dispersion medium manifests itself by a move- 
ment of the dispersion medium towards one or 
other of the electrodes, the direction being the 
opposite of that in which the diaphragm would 
move if free. This effect, which is known as 
electrical endosmose or electro-osmosis, is in- 
fluenced by the presence of electrolytes, etc., in 
the same way as cataphoresis. Two other 
related electrokinetic phenomena have been 
investigated, namely the streaming potential 
developed by forcing a liquid through a dia- 
phragm, and the converse sedimentation potential 
produced by the passage of solid particles 
through a liquid under gravity. The electro- 
kinetic potential (t) is related to the eataphoretic 
velocity ( u ) by the following equation : 

4mj 

where D is the dielectric constant of the 
medium, -rj its viscosity, and x the potential 
gradient. The velocity of migration of colloidal 
particles is of the same order as that of ions. 

The origin of the electric charge on colloidal 
particles has been much discussed, one school 
maintaining that it is due to the adsorption of 
ions from solution, the other that the charges 
are produced from the ionogenic substance 
which forms the disperse phase (see below). It 
is now almost certain that both causes operate 
simultaneously in most cases, one or the other 
predominating with different types of colloid. 
It is clear also that the charge on the colloid 
particle is compensated by an equal and 
opposite (ionic) charge in the liquid in immediate 
contact with it, the system as a whole being 
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(like an electrolyte solution) uncharged. The 
whale system of colloid particle plus compen- 
sating double layer {gegememt) is often termed 
a micelle. On passing an electric current, the 
two parts of the double layer tend to move m 
opposite directions, thus setting up an opposing 
e m.f. The inlermiceUar liquid which is a con- 
ductor tends to compensate this, bo that there 
is a net movement of the micelle towards the 
electrode. With organosols, where the liquid is 
a non-conductor, the disturbances must be 
electronic rather than ionic, but it should be 
pointed out that the presence of a very small 
trace of water plays an important part here. 

The classical theory of Helmholtz assumed the 
double layer to be compact, there being an 
abrupt potential gradient between the two 
phases. This concept has been modified by the 
diffuse double layer theory mainly due to Gouy 
(J. Phya. Radium 1910, 9, 457), and it is now con- 
sidered that although the inner layer is probably 
rigid, the gegemon layer is diffuse and extends 
outwards a distance of a few mp The propar 
lion of posit n c gegemons (in a negative sol) 
decreases and that of negative ions m the outer 
layer increases with increasing distance from the 
interface The presence of electrolyte in the 
interroicellar liquid influences the diffuse layer, 
the thickness of which decreases With increasing 
concentration of electrolyte. 

Some confusion existed as to the relationship 
between the Nemst electrochemical potential 
(t) and the electrokinetic potential ((), but 
Freundlich has succeeded in measuring both 
potentials for the system glass water, and it is 
now realised that they do not necessarily bear 
any relationship to one another. The electro- 
chemical potential represents tbo total potential 
drop between the disperse phase and the body 
of the dispersion medium and is little affected 
by the presence of ions in the latter. The 
electrokinetic potential, on the other hand, is 
the potential between the interior, rigid portion 
of the double layer and the body of the liquid, 
and « thus only a constituent part of the 
electrochemical potential ; it will be smaller 
than the latter, but its magnitude and sign 
depend on the ions which are present. The 
electrokinetic potential thus represents the 
potential across the plane of shear. 

Tbo actual chemical nature of the double layer 
must now be discussed m more detail. It was 
early assumed that a neutral substance when 
placed in water would become negatively 
charged owing to a preferential adsorption of 
the hydroxyl ion ; a basic substance such as 
ferric oxide would in the same way adsorb the 
hydrogen ion preferentially and so become 
positively charged, the compensating hydroxyl 
ions forming the diffuse lay er. With electrolyte 
solutions a particle will become charged by 
preferential adsorption of one of the ions in the 
manner which has already been illustrated by 
silver bromide. 

The concept of ionogenic substances forming 
the double Lay cr develops directly from a study 
of soap solutions. The sodium salts of the 
lower fatty acids behave as normal binary 
electrolytes, but in the case of the higher mem- 
bets it becomes obvious that association is 


taking place and that colloidal character is 
being assumed. The anion is no longer a dis- 
crete fatty acid anion in solution, but an 
aggregate of fatty acid ions together with 
undissociated salt molecules ; the colloidal 
aggregate is really a giant polyvalent ion dis- 
sociated at the surface and compensated by an 
equivalent number of sodium ions in solution 
in close proximity to the giant ion. When an 
electnc current is passed, the outer sodium ions 
move to the cathode, the giant ions to the anode. 
Since the latter contain a large number of undis- 
sociated soap molecules m the interior, it follows 
that some of the sodium migrates to the anode. 
This and other work by JIcBain on soap micelles 
indicates that, in the case of such definite 
colloidal electrolytes at least, cataphoresis is a 
special instance of electrolysis Similar con- 
siderations apply to sols of most dyes and to 
many other organic colloids An attempt has 
been made, chiefly by Pauli and his co workers, 
to extend the idea of colloidal electrolytes to 
ordinary sols In the case of a positive hy droxtde 
sol prepared by hydrolysis of ferric chloride, 
the micelle is represented as 


aFe,O s + 

— zFeO -f *CI 

6FeOCl cH 2 0 


The positive charge is contributed by certain 
active centres of FeO on the surface, the 
negative charge of the diffuse layer consisting 
of an equivalent number of Cl ions Part 
of the Cl is enclosed within the sol particle 
(as FeO Cl) and thus has little influence on the 
properties of the sol Such colloidal ions may 
carry several thousand unit charges ; the 
number of chemical molecules (excluding those 
of the water) per unit charge is termed the 
colloid equivalent. The classical and modem 
theories of electrochemistry are being applied 
with some success to colloids, regarded as com- 
plex electrolytes. McBam and Thomas (J. 
Physical Cbem 1930, 40, 997) hive shown that 
the transport numbers of ferric oxido sols as 
well as of the true colloid electrolytes (soaps, 
etc.) can be measured by means of the normal 
{eg Hittorf analytical and moving boundary) 
methdds. But it is difficult to see how the iono- 
genic theory can be extended to cov alent organic 
substances in which the formation of ionic double 
layers is improbable but which still display 
electrokinetic properties. 

Electrokinetic measurements on proteins, 
viruses, bacteria spermatazoa, etc , are yielding 
valuable results. For a full account of this 
typo of work as well as for the theory of electro- 
kinetic phenomena, tee Abrabarason, “ Electro- 
kinetic Phenomena ” (1934). See also the Fara- 
day Society discussion on colloidal electrolytes 
(Trans. Faraday Soc. 1935, 31, 1) and a useful 
chapter on the electrical properties of colloidal 
systems by E. Heymann in Bechhold’s “Em* 
fUhrung in die Lehre von den KoUoiden.” 

Colloid Stability. — The essential character- 
istics of a particle in colloid suspension are its 
fine state of division, with which is associated 
the Brownian movement, and the electric charge 
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which it carries. On subdivision of a solid, as I Although H and OH - ions are particularly 
surface area increases, so does surface energy, potent in this connection, the effectiveness of the 


and thus, according to thermodynamic principles, 
colloid particles should have a tendency to aggre- 
gation. The rate at which a particle of given 
size should settle in a liquid under the influence 
of gravity is given by Stoke’s law : 

2 r 2 (d t -d 2 )g , 

9 V 

where d T and d 2 are the densities of disperse 
phase and dispersion medium respectively, V 
the velocity of the particle of radius r in liquid 
of viscosity ij. The application of Stoke’s law 
to particles of colloid dimensions shows, for 
example, that a gold particle of size 10 m/i should 
fall through 1 cm. of water in 29 days, while a 
benzene sphere of the same size would take 
about 12 years. Convection and other dis- 
turbing influences would normally mask this 
small rate of settling, so that colloidal solutions 
in the absence of special influences which 
encourage coagulation are indefinitely stable. 
The Brownian movement is manifested as a 
small diffusion effect superimposed on the 
external forces of gravity, etc. The Brownian 
movement, bringing about as it does collisions 
of the suspended particles, favours aggregation 
when the impinging particles are uncharged. 
It is the electric charges on the particles which, 
by producing mutual repulsion, condition the 
stability of the sol ; uncharged particles of 
colloidal dimensions, unless protected, coagulate 
immediately. It has been shown in the case of 
dilute oil suspensions, that a slow coagulation 
takes place even when the globules are still 
feebly charged, indicating that under these 
conditions only a proportion of the total 
number of collisions results in coalescence. 
Coagulation is purely an aggregation effect 
which is followed by precipitation due to gravity 
according to Stoke’s law ; the initially amor- 
phous precipitate may then gradually become 
crystalline. 

Coagulation of Hydrophobic Sols. — The 
effect of electrolytes on the cataphoretic velocity 
of normal hydrophobic sols has already been 
mentioned. These systems are influenced by 
minute amounts of ions, the particles moving 
more and more slowly as the electrolyte con- 
centration increases until, when the velocity is 
zero, the sol coagulates, only to be peptised and 
the particles made to move in the opposite 
direction if electrolyte addition is continued. 

When the colloidal particle is uncharged and 
does not move in the electric field it is said to 
be at the isoelectric point, which condition is 
usually marked by a p n value characteristic 
of the system. The effect of electrolytes and 
consequent coagulation of a colloid is an 
adsorption effect which is due to the antagonistic 
influence of the separate ions ; ions having the 
same sign as those conditioning the charge of the 
colloidal particle, tend to increase the electro- 
kinetic potential, those of opposite sign to 
decrease it or change the sign. The ions which 
bring about coagulation are thus those of 
opposite sign to that of the colloid, and in an 
electrolyte solution it is those ions which 
generally have the predominating influence. 


ion in inducing coagulation increases rapidly 
with valency, metal ions of the same valency 
all exerting approximately the same effect. 
The flocculation values (in millimols. per litre), 
representing the minimum concentration of 
various electrolytes necessary to coagulate a 
negative arsenic sulphide sol, have been shown 
by I'reundlich to be : 

NaCl=51 SrCl 2 =0-63 

KCI=50 ZnCI 2 =0-68 

KNO 3 =50 A1C1 3 =0'093 

MgSO 4 =0-81 Ce(N0 3 ) 3 = 0-080 

CaCl 2 =0-65 

The anion has obviously little influence in the 
coagulation of the negative sol and the floccu- 
lation value varies very considerably with the 
cation valency. When a positiveferrichydroxido 
sol is investigated, the cation has little effect and 
the anion valency becomes the predominating 
factor. Some minimum flocculation concentra- 
tions in this case are : 

KN0 2 =12 K 2 SO 4 =0-26 

KC1=9 MgSO 4 =0-22 

£BaCI 2 =9-6 K 2 Cr 2 O 7 =0-14 

I'reundlich (Z. physikal. Chem. 1910, 73, 385) 
has explained these facts by assuming ions 
of the same valency to be adsorbed by the 
colloid to an approximately equal extent. 
Equal concentrations of any ion of a given 
valency will thus be required to reduce the 
eleetrokinetic potential to zero, and consequently 
the flocculation value will be the same for all 
such ions. These concentrations being small, 
they will appear in the initial part of the 
adsorption isotherm where the amount adsorbed 
increases very rapidly with concentration. Sup- 
posing that the amount of a univalent ion which 
has to be adsorbed in order to bring about 
coagulation is double that of a divalent ion and 
three times that of a trivalent ion, the steep rise 
in the adsorption isotherm makes it clear that the 
actual concentration of salts required to produce 
this effect is not in the simple ratio 
but in the ratio indicated by the experimental 
results, trivalent ions having a dispropor- 
tionately large effect. Many ions, especially 
of the heavy metals and of organic complexes, 
can be shown by analysis to be more strongly 
adsorbed than those of the simple ions discussed 
here, and thus have lower flocculation values 
than those tabulated above. According to the 
“ chemical ” theory of colloidal electrolytes, 
coagulation is to be regarded as a type of double 
decomposition ; when a ferric hydroxide sol 
with chlorine as gegenion is coagulated by 
sodium sulphate, for example, sodium and 
chlorine ions remain in solution while the sul- 
phate ion is attached to the precipitate. 

Although the adsorption theory of coagulation 
proposed by I’reundlich has proved to be a 
useful working hypothesis, it fails to explain 
many aspects of the coagulation of hydrophobic 
colloids. For a complete understanding of this 
problem the influence of the coagulating ions on 
the sol double layer has to be studied. The 
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modem point of view is clearly given by Vera ey 
in “Hydrophobic Colloids,” a report of a 
symposium held in Utrecht, 1937 {Centen, 
Amsterdam). 

When two colloidal sols of the same charge 
are mixed, there is little notable effect, but when 
the charges are of different sign coagulation 
may take place if there is roughly the same 
amount of each present, otherwise the one which 
is in excess in part remains dissolved. 

The stability of colloidal sols generally 
decreases with temperature increase, a smaller 
concentration of electrolyte being necessary to 
induce coagulation at higher temperatures. 
Although this effect may often be due to solution 
of electrolytes from the walls of the containing 
vessel, results of Reid and Burton (J. Physical 
Chem. 1028, 32, 425) show that in some cases 
heat alone may bring about coagulation. 
Amongst other coagulating influences may be 
mentioned mechanical agitation and the effect 
of radiation of various sorts (ultra-violet light, 
X -radiations, radioactive rays). The latter 
effects may often be explained by a photo- 
chemical action on protective colloids, peptismg 
electrolytes, etc. Bacterial suspensions may be 
coagulated by electrolytes in the same way as 
ordinary sols. 

It is interesting to note that concentrated 
solutions of electrolytes, and especially of strong 
acids, differ so much from dilute solutions that 
colloids, far from being coagulated, are main- 
tamed in Btable suspension in them. Voet 
(J. Physical Chem. 1930, 40, 307) has prepared 
sols of inorganic compounds in strong aulphunc 
and phosphoric acids and in certain concentrated 
salt solutions. 

From what has already been said, it is obvious 
that peptisation is due to adsorption effects of a 
similar nature to those which cause coagulation 
of already peptised systems, namely preferential 
adsorption of positive or of negative ions. 
Sata (Kolloid-Z. 1935, 73, 60) claims to have 
peptised ferric hydroxide by means of ultra- 
sonic waves, even m the absence of electrolytes. 

Stability or Hydrophilic Colloids. — 
Hydrophilic colloids are on the whole much 
more stable than are hydrophobic colloids, 
although the stability is more dependent on 
chemical constitution, i small amounts of 
protein decomposition products produced by 
hydrolysis on heating may influence the 
properties of the sol considerably. Hydrophilic 
colloids at once differentiate themselves from 
hydrophobic sols by their greater inertness 
towards* electrolytes. The former type is 
indeed precipitated by a large concentration of 
electrolyte, but the amount is so much greater 
that the term “ salting out " is used to distin- 
guish the effect from ordinary hydroohobtc 
coagulation. Hydrophilic particles are charged 
in the normal way, the charges being capable of 
progressive neutralisation by adsorption of 
ions to an iso-electnc point. Hydrophibe 
colloids do not, however, coagulate at the iso- 
electric point, although this is their point of 
minimum stability. This increased stability as 
compared with hydrophobic colloids is due to 
hydration, the sol particles being covered by a 
water layer like truly dissolved substances. 


Coagulation in this instance can thus bo brought 
about by simultaneous discharge of the stabilising 
charge and removal of the stabilising water 
sheath. An important senes of observations on 
this subject was made by Kruyt (Kolloid-Beih. 
1928, 28, 1), who showed that a negatively 
charged agar sol became discharged on the 
addition of small quantities of electrolyte but 
was still stable owing to its water sheath. If a 
dehydrating substance such as alcohol or acetone 
were now added, the colloid coagulated. On the 
other hand, if a similar amount of dehydrating 
agent were added before the addition of electro- 
lyte, the water sheath was destroyed but the sol 
remained stable owing to its negative charge. 
Such a dehydrated hydrophilic sol behaved 
exactly like a normal hydrophobic colloid, being 
flocculated by small amounts of electrolyte, the 
concentration and valency effects of which were 
exactly the same as with a negative arsenic 
sulphide sol. 

In view of what has just been said it becomes 
clear that the “ salting out ” effect of electrolytes 
on hydrophilic colloids is due to their dehydrat- 
ing action as well as to their power of neutralising 
the charge. As the former effect demands a 
much larger concentration of electrolyte than 
the latter, it is apparent that the minimum con- 
centration required to bring about coagulation 
will depend essentially on the dehydrating power 
of the salts, there is thus little noticeable 
valency effect, in contrast to that of hydrophobio 
coagulation. When a number of sodium salts 
are arranged in order of *' salting out ” 
efficiency, tho following sequence 13 obtained : 
citrate > tartrate > sulphate > acetate 

> chloride > nitrate > chlorate > iodide 

> thiocyanate. This is the so-called 1 Fofmeistcr 
or lyotropic senes and ia the same as that which 
represents the power of these electrolytes in 

, “ salting out ” organic compounds from their 
solutions and of reducing the solubility of gases 
in water ; in the Hofmeiater senes, therefore, 
the salts are arranged in order of their hydration. 
In practice sulphates of sodium or magnesium 
are used for the salting out of colloids becauso 
of their high solubility as well as position in the 
senes. Salts at the end of the Hofmeiater series 
such as iodides and thiocyanates are not capable 
even in saturated solution of coagulating hydro- 
philic colloids j on the contrary, they have a high 
dispersive power, being able to " dissolve " 
cellulose and other normally insoluble sub- 
stances. 

The proteins are the most important of tho 
naturally occurring hydrophilic colloids ; the 
behaviour of these substances the elcctrokinetic 
properties of which are greatly influenced by H ^ 
and OH - and little by other ions, is best in- 
terpreted by considering them to be amphoteric 
electrolytes similar to but much more com- 
plicated than the amino acids. 

\cOOH/ b \ \cOO‘j» 

{«) W 

As the proteins contain both acid and basic 
groups, they form salts both with bases and 
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acids. In alkaline solution ( e.g . NaOH) the 
acid groups are active and a sodium salt is 
formed which dissociates to some extent to 
produce sodium ions and a negative anion. 
In alkaline solution, therefore, proteins are 
generally negatively charged and wander to the 
anode. In the presence of excess acid (e.g. HC1) 
the basic groups form chloride derivatives which 
dissociate to form protein cations and chloride 
gegenions ; the protein is positively charged 
in these circumstances and wanders to the 
cathode. There must obviously be some 
hydrogen ion concentration at which the 
particles are uncharged or at any rate acidic 
and basic to an equal extent ; this isoelectric 
point depends on the relative strength of the acid 
and basic groups and is thus not necessarily 
at p n ~7- The isoelectric point is readily 
determined by cataphoresis, for here the mobility 
is zero ; it can also be measured by precipita- 
tion, viscosity, potentiometric titration, etc. 
There is evidence that at the isoelectric point 
proteins exist as “ zwitterions ” (formula 6) 
rather than as neutral molecules (a). The iso- 
electric point is a specific property of each 
individual protein and is usually well on the 
acid side of neutrality, but the isoelectric point 
of haemoglobin is at p H =7. Proteins behave 
normally in having their minimum stability at 
the isoelectric point. 

Sensitisation and Protection. — When 
minute amounts of a hydrophilic colloid such as 
gelatine are added to a hydrophobic sol, the 
stability and cataphoretic velocity of the latter 
are reduced although actual coagulation may 
not occur. This effect is probably due to the 
normal adsorption of the sensitising particles 
which behave as colloidal electrolytes ; the 
charge on the hydrophobic sol is thus reduced 
and unstability results. It is found that sensitisa- 
tion only occurs when the protein film is 
incomplete, and the ingenious idea has been put 
forward that it may thus be due to simultaneous 
adsorption of the hydrophilic colloid particle by 
two or more hydrophobic particles which are 
thus brought into close contact. When sufficient 
gelatine (or other hydrophilic colloid) is present 
to form a complete coating on the hydrophobic 
particles, the latter take on a typical hydro- 
philic character and are inert to small concentra- 
tions of electrolytes ; such a system is termed 
a protected sol. 

A gold sol or an oil emulsion may be floccu- 
lated by 0003% gelatine, although larger, and 
much larger amounts stabilise. 

The protection of sols is of great importance 
and has been practised empirically since ancient 
times. Zsigmondy showed that the sharp colour 
change from red to blue displayed by gold sols 
under the influence of electrolytes could be used 
as a means of obtaining a quantitative com- 
parison of the protective action of different 
colloids. The colour change supposed to be 
due to aggregation is inhibited by protection. 
He defined the gold numbor of a protective 
colloid as the number of milligrams which 
are just sufficient to prevent such a colour 
change on the addition of 1 c.c. of 10% sodium 
chloride solution to 10 c.c. of a standard gold sol. 
The greater the efficiency of the protector, there- 


fore, the smaller the gold number. An alterna- 
tive method of measurement is by the rub in 
number of Wo. Ostwald, in which the weight 
of colloid in 100 c.c. of solution which will just 
prevent change of colour in a Congo-rubin sol 
similar to that of the gold sol is the criterion. 
The gold and rubin numbers of a few protective 
colloids are shown in the table : 

Colloid. Gold number. Rubin number. 


Gelatine and glue . 0'005-0'01 0-025 

Isinglass . . . 0-01-0-02 - — • 

Sodium caseinate . 0-01 0-004 

Haemoglobin . . 0-03—0*07 0-008 

Albu min . . . 0-1— 0-2 0-020 

Sodium oleate . . 0-4-1-0 — 

Dextrin . . . 6-20 — 

Potato starch . . c. 25 c. 0-2 

Silica sol <x> 05 


In many biological systems double or multiple 
protection is effective ; thus in milk, which is 
essentially an emulsion of fat droplets in water, 
some workers consider the oil-water interface 
to he protected by casein which in turn is pro- 
tected by the more efficient lactalbumin. The 
proportion of lactalbumin to casein in cow’s, 
human and aBs’s milk is 0-175, 1-2, and 3-31 
respectively. Of the three varieties, cow’s 
milk is much the most readily coagulated by 
acids and by rennin, the function of the latter 
seems to be to convert lactalbumin by enzyme 
action to a coagulant. In agreement with the 
figures quoted the coagulum of cow’s milk is 
much coarser than that of the others. Cow’s 
milk is thus much less digestible for an infant 
than is human or ass’s milk but may bo protected 
by the addition of gelatine, dextrin, Irish moBS, 
and other protectors and even by sodium 
citrate or tartrate, which also possess general 
protective action. 

Protection is essentially an adsorption 
phenomenon ; this is demonstrated by the fact 
that a finite time interval must elapse after the 
addition of gelatine to a hydrophobic sol, before 
protection is complete ; further, although the 
degree of protection is determined by the con- 
centration of protective colloid used, once a 
hydrophobic sol is protected, dilution does not 
diminish this effect. It is generally most con- 
venient to assume that the particles of the 
protected sol are covered by a complete layer of 
protector or that, at any rate, its active centres 
are thus shielded, but Zsigmondy has demon- 
strated ultramicroscopically that, when the 
particles of hydrophobic sol are small compared 
with those of the protector, one particle of the 
latter may adsorb several of the former with the 
usual protective effects. There is, however, no 
relationship between the sign of the charge 
of the hydrophobic colloid and protective 
action, proteins, for example, being capable of 
protecting both positive and negative sols. 
The protected sol assumes the electrical pro- 
perties of its protector ; a quartz suspension 
protected by gelatine will possess the cata- 
phoretic velocity and isoelectric point of gelatine. 

Protective colloids have considerable in- 
dustrial importance and there is an extensive 
patent literature. As an example may be 
mentioned the dispersion of colloidal graphite 
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in water (Aquadag) or oil [Oildag) in the 
presence of the protective tannic acid; such 
preparations have valuable lubricating pro- 
perties. This process, invented by Acheson 
(J. Franklin Inst. 1907, 164, 375), explains also 
the ancient Egyptian method of improving bricks 
by means of infusions of straw, as mentioned 
in Exodus, v. (Acheson, J.S C.1. 1910, 29, 246.) 

A further important application is the pre- 
paration of reversible metal sols by means of 
protalbic and lysalbic acids, two albumin 
decomposition products (Paal and Amberger, 
Ber. 1904, 37, 124; 1907, 40. 1392). The 
resulting sols may, in contrast to normal un- 
protected hydrophobic sols, contain high con- 
centrations of disperse phase, and on evapora- 
tion the protected solid is left as a brittle, 
lustrous dark-coloured mass which disperses 
spontaneously in water to reform the metallic sol 
Protected metal sols such as collargol are now 
used as tmld antiseptics either externally or for 
intravenous injection. 

Osmotic Pressure or Colloids. — Since 
there is experimental justification for assuming 
that the gas laws can he applied to colloidal 
systems, it should be possible to calculate osmotic 
pressure from the normal equation P^RT^, 
where n is the number of disperse particles per 
unit volume and N Avogadro’s number. As the 
factor n is inversely proportional to the size of 
the particles, it is obvious that the osmotic 
pressure of a sol should increase with degree of 
dispersion. With hydrophobic sols N is large 
compared with n and the value of the osmotic 
pressure correspondingly small ; thus with a 
typical, dialysed gold sol the osmotic pressure 
may be only a few mm. or cm. of water and the 
corresponding freezing-point depression or rais- 
ing of boiling-point undetectable. Calculations 
of the apparent molecular weights of colloid 
particles by this means are rarely practicable. 
Osmotic pressure measurements on hydrophobic 
sols are further invalidated by the relatively 
large influence of foreign substances and 
especially of active electrolytes, as the value of n 
in the equation above represents the sum total of 
particles (ionic, molecular, or colloidal) present. 
According to the micellar theory which we have 
already discussed, ions are a necessary factor for 
the stability of colloid systems and so even when 
all impurities are removed by dialysis the osmotic 
effect is not due entirely to the colloid particles. 
Where allowance has been made for the ionic 
part of the micelle, reproducible results ha\e 
been obtained in some cases. The most im- 
portant work on this subj'ect is thst of W. Blitz 
(Z. physikal. Chem. 1910, 68, 357) and of 
Duclaux (J, Chim. phys. 1909, 7, 403), who 
was one of the early champions of the micelle 
theory. In the dialysis of hydrophobic sols the 
osmotic effect is often noticeable as an absorp. 
tion of water w ithin the dialyser although here 
again the effect may bo due to electrolytes. In 
hydrophilic sols, the particles are usually of 
smaller size than those of hydrophobic sols, 
hence n is larger and the osmotic pressure 
generally measurable although _ still too small 
to make freezing-point depressions significant. 
The chief difficulties and inaccuracies in the 


interpretation of osmotic pressure results with 
hy d roph il ic colloids av© the effect of clectrol j tes, 
the preseme of decomposition products (of 
proteins, etc ), a swelling pressure due to 
solvation and a lack of knowledge as to the 
degree and uniformity of dispersion. Except 
in a few special cases there is no reason for sup- 
posing that the sol particles are all of the same 
magnitude and hence the “ physical ” molecular 
weight calculated from osmotic pressure data ss 
only an average value. 

If, as is generally the case, osmotic pressure is 
measured by means of a Bemi-permeabie mem- 
brane, yet another complication may bo intro- 
duced by the so-called Donnan equilibrium 
effects, due to uneven electrolyte distribution. 
This membrano equilibrium phenomenon was 
worked out m the first instance for true colloidal 
electrolytes such as congo red, one of whose ions 
can penetrate the membrane while the other 
cannot, but, as the micellar hypothesis suggests, 
the treatment can be extended to colloidal sols 
m general. If Congo red sol bo regarded as 
consisting of giant colloidal ions which are 
incapable of diffusing through negative congo 
red membrane and of equal numbers of mobile 
N a + ion9, then if there is pure water on the other 
side of the membrane, each. Na + ion which pene- 
trates will cause a molecule of water to dissociate 
so as to provide a compensating OH“ ion, the 
corresponding H + ion tending to diffuse through 
the membrane, thus replacing the original Na + 
ion of the congo red. This phenomenon is known 
as membrane hydrolysis. If there is a solution of 
sodium chloride on the other side of the mem- 
brane from the congo red sol, some of tbo salt 
will diffuse through to the sol, but the concentra- 
tion of sodium chlonde will be less there than 
outside. The actual concentrations on either 
side of the membrane can be calculated by 
thermodynamical reasoning, it being assumed 
that the activities of the diffusiblo components 
are the same on both sides of the membrane. 
This unequal electrolyte distribution gives rise 
to a potential difference — the membrano 
potential— and there w an osmotic pressure 
difference between the two compartments. A 
considerable number of measurements of mem- 
brane potentials have been made which agreo 
fairly well with the calculated results. For a 
full discussion of this subject, tee Eolam, "The 
Donnan Equilibria," 1932. 

The Size and Shape op Colloidal Par- 
ticles. — It is not possible to measure the size 
of a colloidal particle directly in the ultra- 
microscope, but an approximate measure may 
be made by counting the number of particles 
present at a given time in tho field. The 
volume of this small portion of sol can be cal- 
culated and, knowing the concentration of the 
sol, it is a simple matter to determine the average 
size of the particles assuming that they are 
spherical or possess some other simple shape 
and that tha density of the dispersed substance 
is the same as in the solid state. When the sot 
particles are too small to be seen in the ultra- 
microscope. Zsigmondy's nuclear method (Z. 
pbysiVaL Chem. 1906, 56, 65) may sometimes 
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be applied. In this method advantage is taken 
of the fact that in the preparation of, for example, 
a gold sol, formation of the dispersed particles 
by reduction requires a finite time during which 
the solution is supersaturated with regard to 
gold. If a number of amicroscopic gold particles 
are added, the gold is deposited only on these 
nuclei, which thereby grow to a size sufficiently 
large to be counted in the ultramicroscope. 
Knowing the concentration of gold in the 
amicroscopic sol, it is thus possible to calculate 
the size of the original particles. A rough 
indication of the size of colloidal particles is also 
obtained by the use of a series of ultrafilters of 
different pore dimensions as already described. 
Many other methods have been attempted though 
generally with little success, but Wo. Ostwald 
and Quast (Kolloid-Z. 1929, 48, 83, 156) have 
succeeded in calculating the size of particles 
of dye suspensions by a diffusion method. They 
were able to demonstrate the variation of particle 
size with the solvents used. 

The normally prepared colloidal sol contains 
dispersed particles of widely varying size and 
is thus termed polydisperse, in contrast to 
isodisperse sols possessing particles of uniform 
size. Although the former is by far the most 
important type in practice, it is often important 
to prepare isodispersions for theoretical investi- 
gation. Here differential ultrafiltration is of 
considerable use and Zsigmondy’s nuclear 
method can also be used in specific cases. A 
further method due to Oden, makes use of the 
fact that the greater the size of the particles 
the smaller is their stability and the more 
sensitive are they to coagulating influences. 
On addition of a quantity of electrolyte in- 
sufficient to coagulate the whole sol, therefore, 
only the larger particles are removed. By 
preferential coagulation Oden was able to pre- 
pare a series of sulphur sols of different particle 
size and properties. Perrin succeeded in 
separating a gum mastic sol into a number of 
isodispersions by centrifuging at different speeds, 
and in the hands of Oden and T. Svedberg, 
Sedimentation has become by far the most 
important method of determining particle size 
and weight of colloid aggregate. This is dis- 
cussed in the next section. 

The shape of colloidal particles has received 
a good deal of study by Freundlich and his 
school, who find that they can generally be as- 
signed to one of three classes, namely approxi- 
mately spherical (all axes of same 
length), disc-shaped (platelets) (one axis much 
shorter than the other two), and rod-shaped 
(2 axes much shorter than the third). The 
last two types of particles are double refracting, 
possessing an anisotropy due to shape rather 
than an intrinsic molecular anisotropy. Such 
a particle only produces diffraction in the ultra- 
microscope if its length lies in the plane of 
vision at right angles to the incident light ; 
otherwise it is invisible. As the sol particles 
are in motion the result is visible as a peculiar 
twinkling effect. Normally the particles are 
distributed irregularly throughout the liquid, 
but on stirring they arrange themselves with 
their long axes parallel to the stream lines so that 
streaks appear. This type of behaviour is 
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shown by many dye suspensions, by vanadium 
pentoxide sol, proteins, etc. Rod and disc 
particles can be distinguished by means of 
polarised light. 

Several interesting observations have been 
made as regards the shape of sol particles, one 
of which is the change of shape which often 
takes place on keeping ; thus the particles of a 
freshly precipitated ferric oxide sol are spherical, 
but age to discs with a corresponding change in 
optical and other properties ; the micelles of 
many other sols change from spherical to the 
rod shape on standing. Another property 
which has been explained on this basis is that 
of red gold sols to turn to blue during coagula- 
tion. This was at one time ascribed to aggre- 
gation, an explanation which became untenable 
when it was discovered that gold particles of 
widely different size all turned blue, although 
the final blue particles of one sol could be much 
smaller than the initial red ones of another. 
It has now been found that the particles of red 
gola sol are approximately spherical while 
those of the blue sol are disc-like. 

There are several other properties closely 
connected with the shape and orientation of sol 
particles, amongst which may be mentioned the 
phenomenon of stream double refraction. 
Freshly prepared vanadium pentoxide sol con- 
taining spherical particles does not exhibit the 
property, but after a few days the liquid which 
gives no image when at rest between crossed 
Nicols, shows a bright field when stirred ; this 
is known as stream double refraction. The rod- 
like particles of a vanadium pentoxide sol may 
also be orientated by an electric current or a 
magnetic field, the rods arranging themselves 
in the direction of the current or of the lines of 
magnetic force. 

X-ray diffraction methods have been applied 
to colloidal systems with some success. It was 
early found that a reversible protected gold sol 
when evaporated to dryness yielded a powder 
which was essentially crystalline, exhibiting the 
normal gold pattern, and later many actual 
sols were shown to consist of crystalline particles. 
It has already been stated that sols prepared 
by the interaction of concentrated solutions are 
initially amorphous, but age to crystalline, 
precipitates. This is a general effect, it having 
been shown that amorphous particles tend 
to result whenever formation has been very 
rapid or temperature, and hence molecular 
mobility, low. In general the disorderly 
arrangement of molecules which characterises 
truly amorphous material (in contrast to the 
many pseudo-amorphous or microcrystalline 
materials, such as charcoal) tends to disappear 
and is replaced by a regular crystalline lattice. 
Thus, most freshly precipitated metal hydroxides 
are truly amorphous and exhibit no X-ray 
diffraction pattern, but on standing for a few 
hours at room temperature or for a few minutes 
in boiling water, a characteristic pattern is 
developed. In fact just as solids can be 
crystalline or truly amorphous, so can the 
molecules of liquids be distributed at random, 
as is normally the case, or regularly orientated, 
as with liquid crystals. 

It has been shown that many substances 
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normally considered amorphous such as rubber that of helix ha?mocyanin being 5,000,000, The 
give characteristic X-ray diagrams when ultra centrifugal method has b«n extended to 
stretched. There is a critical temperature above sols which are on the borderline of true solutions, 
which this change will not take place and which that of sodium eosinate, for example, which just 
rises with the degree of stretching. Set Weiser, begins to exhibit colloidal properties, having a 
“ The Hydrous Oxides," 1936 ; Faraday Society molecular weight of 1,380, and even the heavy ions 
discussion on liquid crystals (Trans. Faraday of casium can he made to form a sediment. The 
Soc. 1933, 29, 881) ultracentnfuge will certainly find increasing nso 

SzMME’tTATiOK a\d the Ultracentrifuoe. in the future in spite of the high cost of installa- 
— According to Stokes’ law, all particles of a tion. Its biological applications are important, 
given size in a well mixed suspension should fall it being found that viruses, etc., possess remark- 
at the same rate under the influence of gravity, ably well defined ultramicroscopicsize and shape. 
Thus each size-group is deposited at a uniform Some Properties op Hydrophilio Sols — 
rate and each decrease in the total rate of aedt- A great deal of information has been obtained 
mentation indicates that some si 2 e group has from the study of the viscosity-concentration 
just completed its deposition. If the velocity relationship in disperse systems Einstein 
of sedimentation in a liquid of known viscosity deduced the following expression : 

Is measured, a determination of tho si 2 e of the _ - ... 

suspended particles may be made, and mforma- ’l*— ’7o( I +* 

tion obtained as to the heterogeneity of the where tj, is the viscosity of the system, i] 0 of 
system. Oden (Proc. Roy. Soc. Edin 1916, 32, the continuous phase, and ^ the proportion by 
219) used an automatic device to measure the volume of the disperse phase. The viscosity 
accumulation of a sedimenting suspension on should thus vary linearly with the concentration 
the pan of an accurate balance immersed in the of the so] and be independent of particle size, 
system (see also Svedberg, J Amer. Chem Soc For mechanical suspensions, Einstein’s law 19 
1923, 45, 943). obeyed fairly well, but for hydrophobic sols 

As sedimentation proceeds, the accumulation the rise m viscosity is greater than that which 
of particles on the bottom produces a local the equation predicts, probably indicating that 
Increase in osmotic pressure, resulting in a the factor <j> has, owing to hydration, adsorption, 
tendency to upward diffusion of the particles etc , a higher value than the volume of the actual 
so that an equilibrium state is eventually set substance dispersed The viscosity of hydro 
up with a gradually decreasing concentration philic sols is much greater than that of the hydro- 
upwards in the absence of disturbing factors phobic sols If Einstein’s law is to hold, the 
such as convection currents, as was shown volume of the disperse phase m such a system 
experimentally by Perm for gamboge and must be enormously greater than that of the dry 
mastic suspensions. This is similar to the mole- colloid. This is one of the strongest arguments 
cular distribution of the earth's atmosphere, in favour of the solvation theory of lyopbilic 
which becomes less dense at high altitudes colloids which has already been discussed. 

These gravity observations are only apphcablo When the diy lyophihc colloid is placed in the 
to coarse suspensions, but tho method has been dispersion medium (e g. gelatine in water) it 
extended to highly dispersed colloidal sols by commences to swell to several times its original 
the development of Sved berg’s ultracentnfuge volume by taking up water. Such a swollen 
(see numerous papers by Svedberg in J. Amer. gel then disperses directly in water if the 
Chem. Soc, also KoUoid Z. 1930, 51, 10). temperature is raised, the viscosity of the sol 
Refined centrifugal methods with high speeds generally increasing for some time afterwards, 
of rotation enable the force applied to the indicating that solvation is still taking place, 
particles to be vaned so that at the maximum ot To account for these facts it is assumed that 
44,000 r.pm. it is 110,000 times the force of the total volume of disperse phase has increased 
gravity. Owing to the persistence of vision, an many, and m some cases several hundred, times ; 
apparently continuous view of the sedimentation many substances (e g. agar) in concentrations of 
can be obtained and the process followed visually leas than 1% can take up the whole of the disper- 
or photographically. Only a few c c. of liquid sion medium to form pseudo-solid gels. This 
are required for a determination, and equilibrium hydration is not entirely due to direct attach- 
is established rapidly, ment by the colloid molecules ; a large part 

The apparent molecular weight of a Faraday of it consists m the entrainment and imraobmsa- 
gold sol has been shown to bo about 1,300,000. tion of molecules of dispersion medium by 
Siuch smaller particles may be measured by intertwining crystals and filaments of the 
means of the ultracentnfuge, and the most gel substance. On the addition of electrolytes 
interesting results are those obtained for the to hydrophilic sols, the first small amounts 
proteins, a surprisingly large number of which, which also neutralise the charge decrease the 
including egg and serum albumin, serum viscosity considerably ; further quantities have 
globulin, legumin, hamocyamns, etc., are iso- little effect. The surface tension of water is 
disperse. I’olj disperse proteins include gelatin, generally lowered by the dispersion in it of 
casern, lactalbumin, fibrinogen, ovoglobulm, hydrophilic colloids. 

etc., all of which are unstable and show varying Hydrophilic colloids may, under certain 
dispersity with time. Egg albumin has a mole- circumstances, be induced to separate into two 
cular weight of 34,500 and other proteins have immiscible liquid pluses, each of which contains 
molecular weights that are multiples of this a different concentration of disperse phase — a 
amount (Svedberg, Nature, 1929, 123, 871). The phenomenon discovered by de Jong and Kruyt 
hssmocy anins have x ery high molecular weights, (KoUoid Z. 1930, 50. 39) and termed by them 
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coacervation. This happens, for example, on mechanically retained. Further evidence against 
the addition of alcohol or other organic or the one-phase gel theory comes from the ultra- 
inorganic liquids to protein sols at 50°. As in the microscopic resolution of many such systems, 
case of flocculation, a decrease in charge and in The results of modem research tend to the 
hydration is necessary to effect coacervation ; the conclusion that the gel substance consists of 
phenomenon is not readily treated from phase submicroscopie fibrils or threads -winch may bo 
rule considerations. Coacervation has con- either solid or viscous liquid, amorphous or 
siderable biological significance. See Bunen- crystalline in structure, and which are formed 
berg de Jong, “ La Coacervation, les Coacervates by partial coalescence of the highly solvated 
et leur Importance en Biologie,” Actualites hydrophilic particles which thereby enmesh 
scientifiques et industrielles, Paris, 1936. relatively large amounts of the dispersion 

Sol-Gel Tkansfokmation. — In the broadest medium. According to this viewpoint thero is 
sense, a gel is a substance formed by coagulation no phase reversal on gelation, the dispersion 
of a sol, but the term is often restricted to the medium remaining the continuous phase and the 
transparent or opalescent continuous jellies fact that electrolytes diffuse in dilute gels as 
which are formed by the cooling or evaporation readily aB in pure water becomes easily under- 
of substances such as agar or gelatine, dis- standable. 

continuous gelatinous precipitates such as those Some interesting work by de J ong (Z. physikal. 

of the metallic hydroxides being termed coagels. Chem. 1927, 130, 205) supports the flocculation 
It is probable that the distinction between the theory of gelation but shows that the electric 
two types is not fundamental and that in the charge and hydration of anagargelarepractically 
latter case gelation is initially uniform, for by the same as that of the sol. The hypothesis 
choosing the correct conditions, uniform jellies has been developed that charge and hydration 
of ferric hydroxide, manganese dioxide, etc., can are not uniformly distributed on the surface of 
be prepared which, like silica gel, are produced by the dispersed material, but are collected in 
coagulation of the sol. strongly protected or hydrophilic regions. 

The hydrophilic colloids behave in very vary- leaving unprotected or hydrophobic centres at 
ing fashion as regards gelation. Thus gelatine which coagulation takes place. Protected por- 
and agar, which are chemically very different tions of the surface are thus left to form the 
(the former being a protein, the latter a complex wails of the capillaries of the resulting 
carbohydrate), both set to gels on cooling ; porous aggregates. It is also postulated that 
albumin sols do not do this, yet they are irre- on lowering the temperatures of a sol, a 
versibly coagulated on heating to 60° (cooking surface re-arrangement takes place, which 
of eggs). Still another type of behaviour is results in an increased number of hydrophobic 
shown by a dispersion of cellulose nitrate in centres. 

benzene and amyl acetate, which sets to a Gelation is a partial coagulation ; the process 
reversible gel when the temperature is raised to normally continues in the gel, the spongy walls 
70°. In the gelation of hydrophilic colloids of adhering to one another at an increasingly large 
the gelatine type, the temperatures of setting number of spots, the gel thereby shrinking and 
and melting may be widely separated ; this squeezing out the water enmeshed in the capil- 
hysleresis in the case of agar is as much as 45°. laries. This spontaneous shrinkage of a gel 
Melting and setting temperatures tend to accompanied by exudation of liquid was noted 
approach one another when increasing time is by Graham and termed by him syneresis. Some 
allowed for gelation. Gelation is usually pre- gels such as silica gel show increased syneresis 
ceded by a great increase in the viscosity of with rising concentration, while others (gelatine, 
the sol and, as there is no break in the viscosity agar, dyes, etc.) behave in the opposite manner, 
curve, it is generally assumed that the process, It has already been stated that when a 
unlike crystallisation, is continuous. It may hydrophilic substance is placed in water, it 
be, however, that the normal increase in vis- swells owing to hydration. The phenomenon 
cosity with temperature decrease, combined with of swelling has been erroneously describe;! as the 
the elastic effects which come into play as the reverse of syneresis, but the former is due 
gel is formed, may mask any discontinuity. An to the taking up of bound water, the latter to 
experimental indication of discontinuity has the liberation of mechanically held water. While 
been noticed by Hatschek (Kolloid-Z. 1929, 49, in syneresis the volume of gel+water remains 
244) who found that gas bubbles in a setting sol, constant, swelling is accompanied by a decrease 
which aro originally spherical, suddenly become in total volume, probably due to orientation of 
lenticular. the adsorbed water molecules resulting in a 

There has been an attempt to explain the closer packing than the random distribution in 
properties of gels on the assumption of their the normal liquid state. During the swelling of a 
being homogeneous, one-phase systems ; this hydrophilic colloid considerable pressure is pro- 
hypothesis has the support of Loeb, Pauli, and duced ; this is probably an important factor in 
Porter, but is not wholly satisfactory. In a the growth of plants. 

recent paper, Hatschek (Trans. Faraday Soo. The effect of electrolytes on the swelling of 
1936, 32, 787) has shown that the colour of hydrogels is very marked, different salts bo- 
gelatine gels containing cobalt chloride changes having according to the position of the anion in 
from pink to blue on drying, when the water the lyotropic series ; thus citrates, tartrates, 
content of the gel is still 30%. Gels containing and sulphates lessen the amount of swelling of 
this amount of water or less form no ice on gelatine while thiocyanates and iodides increase 
freezing, so it may be concluded that this it to such an extent that the gel disperses readily 
percentage of water is chemically held, the rest at room temperature. Swelling is usually at a 
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minimum at the isoelectric poipt, both hydroxyl 
and hydrogen ions favouring the effect. 

Gels are often classified as elastic or rigid, 
gelatine being a representative of the former 
and silica gel of the latter type. The distinction 
is really one of degree, for although gelatine is 
distinctly more elastic than silica, the latter 
vibrates to give a musical note when the 
taining vessel is struck. 

A peculiar gel-sol transformation which has 
been much studied of late years by Freundlich 
and his collaborators, and termed by him 
thixotropy, is the “ liquefaction ” of gels by 
vigorous shaking, agitation, ultrasonic waves, 
etc. On laying the sol aside, gelation occurs 
once more, when the thixotropic effect can be 
repeated by shaking, etc. The rate of thixo- 
tropic solidification of gels can be increased by 
suitable gentle movement which induces 
mechanical coagulation of the particles , this 
is termed rheopexy. The solidification of 
k rheopectic substances is accelerated by ultra- 
j Soules of the typo which coagulate suspensions. 
Thixotropy was first demonstrated with a 
feme hydroxide gel and is shown also by pro- 
teins (e g. gelatine, although the effect is 
difficult to demonstrate m this system owing to 
rapid re-gelation), clays, paints, emulsions and 
protoplasm. Even sihea gel may bo thixotropic 
under certain conditions These effects seem 
to be due to the type of packing of the sol or gel 
particles, the shape of which plays an important 
part. Thixotropic sludges are much used as 
drilling fluids in petroleum boring, and Freund- 
lich has demonstrated that the properties of 
quicksands are due to a similar effect, all the 
quicksands examined containing finite quantities 
of thixotropic clays. 

The action of ultrasonic waves on dispereo 
systems has recently received a good deal of 
study. Weak ultrasonics seem first to orientate 
the particles of suspensions or sols if these are 
rod- or plate-shaped. Secondly, coagulation of 
the coarser particles of any shapo takes place 
by accumulation at nodes or antinodes Higher 
energy ultrasonics may have dispersing effects 
and are capable of emulsifying liquids, liquefying 
thixotropic gels, etc. ; this is ascribed to the 
collapse of cavitation in the liquids. 

Tin: Disperse Phase Rule. — A great deal 
of work "has "been devoted recently to t'ne study 1 
of equilibria between gels and other colloidal 
solids and the dispersion medium. Although 
the solubility of a crystalloid in water is inde- 
pendent of the total amount present, this is not 
true of the dispersion of colloidal substances. 
In general the amount of solid substance dis- 
persed or peptised vanes with the amount of 
solid phase present, reaching a maximum for 
medium quantities. This relationship was 
termed by Wo. Ostwald the BodenkCr- 
penegel,” generally translated as solid-phase 
rule, but as it is applicable also to disperse 
systems where the discontinuous phase is not 
solid, disperse-phaso rule Is a more suitable name. 

Excellent obedience of this rule is shown by 
many dyes { cf. acid dyes and the sobd-phaso 
rule. Wo. Ostwald, Kolloid-2. 1936. 76, 291). the 
“ solubility " of which increases to a maximum 
with increasing amount of dye to a constant 


amount of water and then falls again as the total 
amount of solid still further increases. 

The full significance of the disperse phase rule 
is not yet realised. Several explanations in 
terms of adsorption have been proposed, but 
none are sufficiently broad to cover all the 
phenomena of the type. Investigation of the 
effect of the total amount of gelatine present 
on its specific swelling and spontaneous dis- 
solution in pure water show s that variation is 
due to soluble impurities in the gel which dis- 
solve in water to form a solution, the concentra- 
tion of which depends on the total amount of 
solid present ; such solutions, as above stated, 
have a great influence on the degree of swelling 
and may explain the disperse-phase effect 
in this case. Although with quite pure sub- 
stances it may not always hold, the disperse- 
phase rule is of great practical significance with 
the ordinary materials of industry. 

Descnptions of researches on diapers e-phasa 
equilibrium will be found m the Kolloid Zeit- 
schnft from 1927 onwards ; amongst the most 
important investigations of systems in which 
the rule holds, the following may be mentioned : 

(а) The “ dispersion " or peptisation of gels, 

spontaneously dispersing colloids, coarse 
suspensions (e g. BaS0 4 red lead, 
charcoal, CaCOj in ammonia, etc.) 

(б) The stabilisation and cataphoretic velocity 

of suspensions (e g. the migration 
velocity of charcoal particles increases 
with increasing electrolyte concentration 
for a given amount of charcoal, and with 
increasing amount of charcoal for a 
constant electrolyte concentration). 

(c) Emulsification of oils (the amount of oil 

emulsified by a given amount of alkali 
in a given volume of aqueous phase is 
maximum for medium amounts of oil). 

(d) Swelling of gels. 

The Effect or Hydrofiiilic Colloids ox 
Solubility, Crystallisation, and Chemical 
Reaction, — It has been stated above that a pro- 
tective colloid such as gelatine prevents the 
coagulation of hydrophobic colloids — preserves 
a high degree of dispersion. Gelatine might be 
expected to have » similar retarding effect on the 
aggregation of ions or molecules to form solid 
precipitates or crystals. In laet auloproteet ion is 
the inhibiting effect of hydrophilic sola on their 
own crystallisation, with the result that a more 
or less colloidal solid mass is formed ; good 
exsmples of this are given by the soap com- 
pounds and many biochemicals. It is some, 
times possible, under special conditions, to obtain 
these substances in a cry stallme form. 1 

Gelatine and other hydrophilic sols may pre- 
vent the aggregation of molecules or dispersed 
particles of normally insoluble substances, thus 
producing an abnormally great euperaaturation. 
This effect haa been studied by Hedges and 
Henley, J.C.8. 1928, 2718) with lead iodide, 
and many examples have been noticed by the 
present author. Whether the supersaturation is 
due to the prevention of aggregation of mole- 
cules, or whether a large number of colloidal 
particles bave been formed but not allowed to 
grow, is not yet clear. It Is certain, however, 
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that the solubility of substances in hydrophilic 
sols and gels is often abnormal. 

The work of Tamman and his pupils has shown 
that crystallisation is essentially controlled by 
two factors, first the rate of aggregation and 
orientation of a few ions or molecules to form 
crystal nuclei, and secondly the rate of growth 
of these nuclei at the expense of the material 
still in solution. If the former process is quicker 
than the latter, the result is a mass of small 
crystals ; if rate of crystal growth is greater than 
that of nuclei formation, a few large crystals are 
produced. 

The presence of a hydrophilic sol or gel may 
modify either or both of these factors. First, 
the protective influence of the colloid may 
prevent growth, and result in the deposition of 
a mass of microscopic or colloidal crystals, or 
even in supersaturation. On the other hand, 
in a gel the crystallising solution is free from 
mechanical and convection disturbances and so 
each growing nucleus comes into contact with 
fresh solution slowly and regularly by means of 
diffusion only. In the absence of the protection 
effect it would be expected to find large, well- 
formed crystals. This is the case in silica gel 
which has no protecting properties, Hatschek 
has produced large crystals of gold by 
reduction of gold chloride in this medium, and 
Holmes has grown crystals of copper, lead 
iodide, etc., of considerable size. This type of 
crystals growth in gels has probably played a con- 
siderable part in the formation of large mineral 
crystals in silica rocks. Crystallisation in gels 
usually has the further effect of modifying the 
crystal habit of the substance. Very often tree- 
like growths, characteristic of the crystallisation 
of thin films, are produced. Such, for example, 
are the numerous varieties of lead trees and 
spiral crystals described by King and Stuart 
(J.C.S. 1938, 642). There may also he a 
tendency towards spherulite formation. This 
rounding of crystal contours is made use of in 
the addition of small quantities of gelatine to 
ice cream with the result that no sharp crystals 
of ice are formed and the product is smooth to 
the palate. The protective action of glue on 
crystal growth is illustrated in practice by the 
action of this substance as a retarder in the 
setting of plaster. 

A great many observations have been made on 
the precipitation of insoluble substances by 
reaction in gels. It is usual to carry out such 
experiments by mixing in a test tube a dilute 
solution of one of the reactants with the gel 
before solidification, and afterwards placing a 
more concentrated solution of the second re- 
actant above the gel. The substance in more 
concentrated solution diffuses into the gel where 
double decomposition takes place. It might 
be assumed that such a method of carrying 
out a precipitation in the absence of mechanical 
and convection disturbances, where the reacting 
substances mix only by diffusion and the 
insoluble product remains v here it is pre- 
cipitated, would be ideal for quantitative study, 
but we have, unfortunately, no means of 
determining in what way, if at all, the gel 
modifies the course of the precipitation. It is 
found, lion ever, that precipitation reactions in 


capillar^ tubes and in porous solids are similar 
to those in gels, and as chemical reaction in 
gels is the rule in biological systems the matter 
is of considerable importance. 

The precipitate formed by reaction in a gel 
may consist of an apparently continuous mass, a 
limited number of large and discrete particles, a 
cellular structure, or a series of bands or discs of 
precipitate separated by clear spaces. Precipi- 
tates of the last type, known as Liesegang rings, 
have been widely studied and are difficult to 
explain by means of any one theory. For an 
authoritative account and bibliography of this 
phenomenon, see Hedges, “ Liesegang Bings 
and other Periodic Structures ” (1932). 

Industrial Applications. — With the rapid 
growth and increasing understanding of colloid 
chemistry, applications of its principles are to 
be found in practically every branch of science 
and industry. As all plant and animal organ- 
isms are colloidal in character, biological, 
medical, and nutritional sciences have to take 
account of the discoveries of the colloid chemist. 
The colloidal properties of humus, clays, zeolites, 
etc., enable them, by base exchange, to hold 
soluble salts which would otherwise bo washed 
out of the soil and unavailable to plants. All 
fibres are of organic colloid origin, and thus the 
textile industries are colloid industries; especially 
so is the manufacture of artificial silk, in which 
nature’s colloids have to be imitated. Pre- 
dominantly colloidal materials are also used or 
prepared in the manufacture of soaps, detergents 
and wetting agents ; dyestuffs, films, cellophane 
and plastics ; synthetic resins, rubber, adhesives, , 
leather, tars, bitumen and asphalt ; lubricants, 
horticultural sprays, paper, paints, bread, 
butter and margarine; glass, ceramics and 
cements; absorbents, decolorising media, etc., 
etc. 

Bibliography. — Wo. Ostwald’s “ Theoretical 
and Applied Colloid Chemistry ” (Wiley) 
is a stimulating, general introduction to the 
subject. Hatschek, “ Colloids ” (Churchill) is 
more detailed, and Hedges, “ Colloids ” 
(Arnold, 1931) gives a non-mathematical treat- 
ment of the subject on modem lines. Von 
Buzagh, “ Kolloidik ” (Steinkopff, Leipzig, 
1936) gives a brief, systematic treatment, 
Bechhold, “ Einfuhrung in die Lehre von den 
Kolloiden ” (Steinkopff, 1934) is a collection of 
clearly- written articles by different authors, and 
Taylor, “ Physical Chemistry,” Vol. 2 (Macmil- 
lan, 1931) contains a useful section with exten- 
sive references. More comprehensive mono- 
graphs include Jerome Alexander, “ Colloid 
Chemistry, Theoretical and Applied ” (1926- 
1935), Freundlicb, “ Kapillarchemie ” (Akad. 
Verlag, Leipzig), Zsigmondy, “ Kolloidchemie ” 
(Spamer, Leipzig). Keference should also be 
made to the “ Colloid Symposium Monographs,” 
edited by H. B. Weiser, whose “ Inorganic 
Colloid Chemistry,” Vols. I, II and III, 1938, and 
to reports of the Faraday Society discussions on 
colloidal subjects (e.g. “ Colloidal Electrolytes,” 
Trans. Faraday Soc. 1935, 31, 1 ; “ Fogs, Smokes, 
etc.,” ibid. 1936, 32, 1042 ; “Polymerisation,” 
ibid. 1936, 32, 3; “Colloid Aspects of Textiles,” 
ibid. 1933, 29, 1. 
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COLLOPHAN ITE. A colloidal hydrated 
phosphate and carbonate of calcium forming an 
important constituent of phosphorites and rock- 
phosphates. It is amorphous and optically ' 
isotropic, and forms concretionary masses 
resembling opal or gum in appearance, with a 
vitreous to resinous lustre and a conchoidal 
fracture. The material may be opaque or 
translucent to nearly transparent, and the 
colour ranges through colourless, white, yellow, 
brown, and reddish. An earthy variety is 
known as momte. Sp gr. 2 69-2 77 (of morute 
2-1 ) ; hardness -1 J ; refractive index 1-569- 
1-612. A. Lacroix (1910} gives the formula as 

*[Caj(P0 4 )j]-f-yCaC0j-f2H t 0 
xKCaFJjCagfPO^jHyCaCOj+rHjO 
which includes also the variety called fluocollo- 
phamte. W T Schaller (1911) gives the formula 
as 9CaO 3P,O a CaO C0 t H,0+nH,0. The 
mineral is found in three classes of uepoeits • 
in guano deposits, having been first recognised 
in the guano of Sombrero, West Indies , in 
pockets of phosphorites ; and in the pbosphatic 
nodules and coprohtes of sedimentary rocks 
ranging in age from the Eocene to the Silurian. 
Material of the last of these modes of occur- 
rence frequently contains fluorine in addition 
to carbonate and phosphate, and is distinguished 
as fluoeollophnmte. 

L.J S. 

COLLORESIN v Cellulose Plastics 

COLOCYNTH. Bitter apple. Coloeynthia, 
“British Pharmacopoeia” ; deleted from 
“United States Pharmacopoeia,” XI, 1930. 
(Fr. Coloqmnte ; Get. Koloqumte.) 

The dtied pulp of the fruit, freed from seeds. 
otCftrulIus Coloeynthia Schrader (Fam Cucurbi- 
tace®), a prostrate perennial of the gourd family, 
inhabiting the warm, dry districts of the Old 
World — India, Persia, Arabia, Syria, and the 
African and European shores of the Mediter- 
ranean. It is cultivated in Spam and Cyprus. 
{Cf. Bentl. a Trim. 114) 

Tbo “British Pharmacopoeia” demands that 
not more than 3% of fixed oil be extracted by 
petroleum spirit, and that the ash bo not more 
than 8% 1 he t« o chief varieties imported are 

Turkey and Spanish colocynth, of which the 
former is the v, hitcT, the ncheT in pulp and the 
more esteemed. 

Colocynth was well known to Greek, Roman, 
and Arabian medicine, and in the form of solid 
extract enters into many of the purgative pills 
of modem pharmacy. It is a drastic purgative, 
rarely used alone. Small quantities of the 
extract have sometimes proved fatal ; the 
powdered drug irritates mucous membranes. 
The purgative action is said to depend on two 
substances, ono of which is alkaloidal ; neither 
has been isolated. For inactive constituents, 
see Power and Moore (J C S. 1910, 97, 99). 

O.B. 

COLOGNE YELLOW r. CimointTM. 

COLOPHONY. Colophony, or common 
rosin, usually termed simply roain, is the 
residue obtained by the removal of the essential 
oil from the oleo resin deriv cd from various 
species of pine, chiefly Pinna austral!*, P. t&da, 
P. pinaater, ami P. laneio. The principal source 


of supply is the United States, a certain amount 
coming from France and Russia. There are 
vast areas of pine trees in India, and there are 
great possibilities of development of the rosin 
industry there. As the trees are exhausted 
without equivalent afforestation in the United 
States, the gathering grounds spread further 
afield, and fresh species of pine ore met with, 
so that the American rosin is the product of a 
number of species In the United States the 
oleo-resin or turpentine is collected by what 
is known as the “ box " system. The trees are 
“ boxed " m autumn and winter, that is, excava- 
tions of characteristic shape are made in the 
trunks about 8 ut. above the ground. These 
“ boxes ” bold from 5 to 10 lb. of the exudation. 
The bark is cut away for about 3 ft. above the 
box and the wood is scored with grooves leading 
to tb» box The exudation commences about 
the following March and goes on till about the 
middle of October. The tappng life of the tree 
vanes from 5 to 8 years. 

In France, a different method of collection is 
used, known as the cups and gutter system. 
The production is confined to tho Landes district 
and the pots attached to tho pine trees is a 
familiar sight to travellers in that locality. 
The pnncipal tree used is Pmua pinaster. 
The oleo resin exudes from the tree from March 
to October from incisions made with an axe. 
Thia incision is known as the “ carre ” and is 
kept open by removal of a thin elice every week 
and is gradually extended to about 12 ft from the 
ground. Small gutters made of galvanised iron 
are fixed so as to lead the oleo resin into a 
smalt cup or pot nailed to the tree at a suitable 
point- 

The tree used in India is the “ chir,” Pmua 
longifolta, and collection is similar to tho French 
method. If tho trees are lightly tapped in 
Franco or India they may have a tapping hfe of 
30 to 40 years, but if they are “ tapped to death " 
(gemmage h mort) their active life may be only 
5 to 0 years, when they arc felled for timber. 

The oil of turpentine is distilled off from the 
oleo resin, and the residual solid matter, which is 
melted and strained into barrels, is the ordinary 
rosin of commerce 

Colophony comes into the market graded 
according to colour. That sold under Mark A 
is nearly black, and numerous qualities exist 
until that marked W.W is “ water whito ” 
rosin of the finest quality. It is a brittle sub- 
stance with a glassy fracture, soluble in ether, 
chloroform, light petroleum, acetone and 
alcohol- It is soluble in most volatilo and 
fixed oils It softens at about 76° arid is com- 
pletely melted at 120M35 0 - As it n the 
cheapest commercial resin , it is never 
adulterated. It consists almost entirely of ft 
free acid or mixture of acids, partly in the 
form of an anhydride. Tho pnncipal acid is 
termed abiotic acid (q r.) A small amount of 
ester* may be preeent. The analytical characters 
of rosin are as follows : 

Specific gravity at 15°= I 0451-1 083. 

Acid value **150-1 73. 

Ester value “7-20. 

Iodine value (Hubl)- 118-128. 

Unsapomfiable matter “4-9%. 
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The iodine value determined by the Wijs 
process is nearly double that found by the 
Hiibl process. The former gives very variable 
figures if the conditions, such as time and 
temperature, are varied, ■whereas the Hiibl 
value is far less dependent on small changes of 
conditions, and is therefore the better figure for 
a standard, as it is for resins generally. 

A useful test for rosin in other substances, 
such as shellac, is the Storch-Morawski 
reaction. About 0-1 g. of the substance is 
dissolved in 10 c.c. of hot acetic anhydride; 
the mixture is allowed to cool and a little sul- 
phuric acid of specific gravity about 1.53, is 
allowed to flow down the side of the test-tube. 
In the presence of 1% or less of rosin, a red- 
violet-purple colour appears at the junction of 
the liquids, which spreads to the whole of the 
sulphuric acid layer. 

An even more delicate test for colophony is 
one based on that originally devised by Halphen. 
A solution of 1 part of phenol in 2 parts of 
carbon tetrachloride is prepared. A very small 
amount of the substance to be tested, or an 
extract of the same with trichlorethylene, is 
mixed with a small amount of this solution, 
and the mixture placed on a white tile adjacent 
to but not in contact with it is placed a few 
drops of a freshly prepared solution of 1 c.c. 
of bromine in 2 c.c. of carbon tetrachloride. 
The bromine vapour is allowed to drift over the 
solution— a wave of the hand is sufficient — 
and in the presence of rosin a pale blue to 
strong violet colour appears at the edge of 
the spot, which slowly spreads. So little as 
0'1% of rosin in a mixture can thus be detected, 
and with 0-5% the colour is intense. This 
reaction is known as the Halphen-Hicks 
reaction. 

Rosin is used as the basis of cheap varnishes 
and of resinate driers in the paint and varnish 
industry, in the manufacture of cheap soaps, 
and for sizing paper. It is also used for the 
manufacture of rosin oil, and for most purposes 
for which resins are used. Its friability and 
lack of resistance to wear and weather in 
varnishes render it a poor substitute for the 
harder and better clasa resins. It is used as an 
adulterant of shellac. 

The chemistry of colophony is a question of 
considerable difficulty, and cannot be said to be 
entirely settled yet. So much is historical, 
and a great deal of the older published work has 
been Bhown to be erroneous, that only the 
recent work which is well established need be 
dealt with. References, however, to some of the 
more interesting of the historical papers will 
be found below. 

The complexity of the “ rosin,” or as they are, 
unfortunately, often termed “ resin,” acids 
(which name will be used here, as it has been 
used in so many publications), together with the 
fact that rosin from different pine trees contains 
different acids, and also that methods of treat- 
ment or so-called isolation have frequently 
altered the character of the acids, have made it 
exceedingly difficult to even compare, much less 
reconcile, a good deal of one observer’s work with 
that of another. 

To-day it may be Baid that the “ pine resin 


acids ” are all fairly closely related, in so far 
as they all appear to be built up on a hydro- 
phenanthrene skeleton, and on the basis of the 
isoprene rule. The principal acid, which is the 
main constituent of American rosin, is abietic 
acid. This acid is found in both the dextro- 
and the lsevo- varieties, and the two acids are 
probably true optical enantiomorphs — having 
identical structural constitutions. Of the acids 
known as pimaric acid, Z-pimaric acid is closely 
related to abietic acid, but in what exact 
manner is not yet clear. 

It is unfortunate that the names Z-pimaric 
and d-pimaric acids have been retained, as 
(Z-pimaric acid is certainly not the optical iso- 
meride of Z-pimaric acid. The elucidation of 
the structure of abietic acid, C 20 H 30 O 2 
(C 1b H 28 COOH), is chiefly due to Ruzicka 
and his associates. The same is true in regard 
to dextro-pimaric acid ( v . Abietic Acid). 

Reference may be made to the following : 
C. E. Soane, Bibliography (J. Oil. Col. Chem. 
Assoc. 1922, 5, 320), in which everything of 
importance up to 1922 is quoted ; Ruzicka 
and his colleagues (Helv. Chim. Acta, 1922 5, 
581 ; 1923, 6, 677, 1077-1096 ; 1925, 8, 632-636 ; 
1924, 7, 875; 1927,10, 915; 1931, 14, 645; 
1932, 15, 1300, 1289, 915; 1933, 16, 169); 
and R. D. Haworth (J.C.S. 1932, 1784, 2248, 
2717). 

Bacon and Ruzicka (Chem. and Ind. 1936 
55, 546) have now thrown some doubt on their 
formula for abietic acid. Recent work on 
Z-pimaric acid has shown that the possibility is 
not excluded that conjugation does not exist 
in abietic acid, and that therefore the position 
of the double bonds may require reconsideration. 

E. J. P. 

“COLORADO” CRUCIBLE v. Assay- 
ing. 

COLORAN B7. A highly Bulphonated 
product of a fatty oil used as a wetting-out 
agent. 

COLORIMETERS and COLOUR 
COMPARATORS. The name “colori- 
meter ” is applied somewhat loosely to any 
instrument in which the observer has to arrange 
a colour match in a photometric field, irre- 
spective of the kind of information which is to 
be derived from this colour match. Strictly, 
the name colorimeter should be confined to 
instruments designed to effect measurement of 
colour, that is, to provide numbers, charac- 
teristic of each colour tested, by means of 
which colours may be classified and their 
relations to one another exhibited ; it should 
not be given to instruments in which the 
readings give no information about the observed 
colour, a colour match being used merely as a 
criterion for the measurement of something 
else, Bay the concentration of a solution. Instru- 
ments of this kind are better described as 
colour comparators. Unfortunately, the exist- 
ence of well-established trade names makes 
it impracticable to adhere consistently to this 
distinction in referring to proprietary instru- 
ments, but the distinction in function should be 
borne in mind, and the first section of this 
article will deal with true colorimeters, instru- 
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merits whose primary function is the quantita- 
tive study of colour qua colour, while the 
second part will deal with colour comparators, 
whose primary (and usually only) function is 
the measurement of something other than 
colour. 

Colorimeters — The different colour sensa- 
tions which light may excite in the normal 
human eye arise from differences in the spectral 
distribution of energy in the radiation entering 1 
the eye, or, more briefly, in the spectral quabty of 
the stimulus. The theory of the relations 
between the physical stimuli and the colours 
observed w ould cany us outside the scope of the 
present article ; suffice it to say that the essential 
properties of stimuli which determine whether 
or not they will produce a visual match are 
found to be functions of three independent 
variables. Three independent numbers are 
necessary to specify, quantitatively, the match- 
ing properties of any stimulus, and any two 
stimuli, whether physically similar in spectral 
composition or not, which have all three 
numbers equal, will produce visual effects 
identical both in colour and brightness This 
fact necessarily has its origin in some triple 
structure of the receiving mechanism m the 
eye, tattle »a known of the physiological cause 
of this tnpbcity, but the fundamental variables 
may be regarded as the degrees of stimulation of 
three independent sets of receptors, differing 
from one another m their relative sensitivities 
to the various parts of the spectrum Differ- 
ences in the relative degrees of stimulation of the 
three receptor systems arc recognised as 
differences in colour ; differences in the actual 
degrees of stimulation, without change in the 
relative degrees, are recognised as differences 
in intensity or brightness. Any two stimuli, 
whatever their spectral composition, which 
produce the same degrees of stimulation, both 
relative and actual, m the three receptors, appear 
identical both in colour and brightness ; the 
eye can analyse no further. 

It is not easy to ascertain the values of these 
fundamental variables chaiactenstio of any 
stimulus. Tortunately, it is not necessary to do 
so in order to measure colour. If the visual 
values of all stimuli in terms of the three funda- 
mental variables were known, it is obvious that 
merely by solv mg simultaneous equations these 
variables could be eliminated and any or all of 
the stimuli expressed in terms of any three of 
them. This shows that it is possible to express 
the visual properties of atimuli m terms of 
variables which are simply quantities of three 
other stimuli. This being so, it should be possible 
to effect direct determination of those quantities 
without troubling about the fundamental 
variables, and this is in fact done in the typo of 
instrument now to be described. 

The 2 nehromatic Colorimeter consists in 
principle of a matching field one side of which ia 
illuminated by the stimulus being measured, the 
other side being illuminated by a controllable 
mixture of three standard stimuli, which may 
consist of monochromatic radiations obtained 
spectroscopically, or may be produced by 
passing white light through colour filters. If 
the colours of the three standard stimuli are 


well chosen it will be found that the great 
majority of other stimuli can be matched 
exactly by a suitable mixture of the three 
standards. The quantities of these standards 
used in any match are indicated on the scales 
of the instrument. 

These scale readings do not, however, afford a 
convenient comparison of the quantities of the 
three standards. In comparing quantities of 
light of different colours it is desirable to 
express them in units the significance of which is 
independent of the peculiarities of construction 
of any particular instrument. Any choice of 
units is arbitrary, and there are numerous 
alternative systems from which selection could 
be made In the system most widely used, 
because of its practical convenience, the 
quantities of the three standards which are 
required to match a standard white (see later) are 
regarded as equal. Measurements aro converted 
to this basis by multiplying tho observed scale 
readings by suitable numerical factors, usually 
termed the uhite light factors These factors are 
easily obtained from the scale readings observed 
when matching the standard white Quantities 
based on this com cntion arc said to be expressed 
in trichromatic units Hereafter, any reference to 
tho scale readings of a trichromatic colori- 
meter will not mean the numbers directly 
observed on the scales of the instrument but 
the equivalent numbers on the trichromatic 
bases obtained on reduction by the white light 
factors. 

In order to measure the colour of a specimen 
of material under a given illumination, which 
may or may not bo the standard white light on 
which the scale factors ore based, tho light 
reflected from the specimen, if opaque, is intro- 
duced to tho test field of the colorimeter and 
matched in colour and brightness by a suitable 
mixture of the instrument standards Denoting 
the standards by A, D, and C, and the quantities 
(reduced scale readings) required to match the 
specimen, S, by u„ d„ and e,. The quantity of 
the light from fa present in the field of view , w hen 
evaluated on tho samo sjstem as tho standards, 
must be equal to the total quantity of tho 
light m the comparison field, anil the result 
of this colour match is expressed in tho 
equation : 

{ <I f-f"^i4'Cf)S=ffj c,C 
Dividing both sides by the total quantity tho 
proportional composition of ono trichromatic 
unit of the light from S is 

S=aA+/3B+yC 

where aaa t Ha t +b t +c,), etc. The quantities a, 
f!, and y, whose sum is unity, are termed tho 
trichromatic coefficients of fa fn terms of the 
standards A, B, and C, and tho property which 
they define is termed tho colour-quality of S, 
Colour quality as thus defined is independent 
of intensity. It depends on the constitution 
of the light and not on its amount. It is 
possible therefore to have materials exhibiting 
the same colour quality but differing jn bright- 
ness. For instance, a bright jellow and a dark 
hrow n may hav e the same colour quality, hut the 
former may reflect ten to twenty times as much 



297 


COLORIMETERS AND COLOUR COMPARATORS. 


of the incident light as the latter. Any two 
materials related in this way can be made to 
look alike by increasing the intensity of illumina- 
tion of the darker specimen (or diminishing that 
of the lighter) until the absolute amounts of 
light reflected from each are equal. However, 
objects are not normally compared in this way ; 
our ideas of their appearances are based on 
comparisons under tho same intensity of 
illumination, and brown is therefore regarded 
as a different colour from yellow. In order to 
define the colours of materials completely we 
must measure not only colour quality but also 
the property which determines their relative 
brightnesses. For this purpose it is necessary 
to adopt a standard of comparison, and the one 
now adopted in standard practice is the bright- 
ness of a magnesium oxide surface, prepared 
by smoking a silvered plate over a magnesium 
flame. The brightness of this surface when 
illuminated at an angle of 45° and viewed 
normally (or vice versa) closely approximates 
to that of a perfectly reflecting, perfectly 
diffusing surface, and is given the value unity. 
The ratio of the brightness of any material to 
that of the magnesium oxide standard under 
the same intensity of illumination is termed the 
brightness factor of the material. In order to 
determine the brightness factor we utilise the 
same observations as for the trichromatic 
coefficients, but require in addition to make a 
similar measurement with the magnesium 
oxide screen in place of the specimen. Denoting 
the reduced scale readings for this match by 
a m< bm, and c,,,, the following equation expresses 
the quantity equation in trichromatic units : 

(°m+ b m + c m )M= a m A-|- 6 m B+ c m C 

whilst for the specimen under the same illumina- 
tion it was : 

(°«+ brr Cf)S =a s A-b 6 s B+CfC 

The ratio of the quantities of light reflected 
from the specimen and the magnesium oxide, 
expressed in trichromatic units, is therefore 
(<*e+ *5+ c s)K a m+ b m + c,n) • If brightness factors 
were only of interest as part of a colour measure- 
ment, this would be the most convenient way of 
evaluating them ; but brightness factors are 
frequently measured by photometric methods 
for purposes unconnected with colorimetry, 
and it is desirable that they should always be 
evaluated on the same basis. In calculating 
brightness factors from colorimeter measure- 
ments it is necessary to obtain the result in 
ordinary photometric units. Quantities of the 
three standards which are equal on the tri- 
chromatic basis would not be equally bright. 
It is possible, however, to determine, by appro- 
priate experiments tho relative brightness, or 
luminosity, of trichromatic units of the three 
standards. If these be in the proportion Li : Lb : 
Lc ; then it is evident that the brightness 
factor of the specimen expressed as a photo- 
metric ratio is : 

( G jLi-f-6 5 Ln-l-c fi Lc)/(ffniI , A-r^mLB-f-CniLc,') 

The colour quality equation and the brightness 
factor (usually expressed as a percentage) 


completely define the appearance of the 
specimen under the kind of illumination for 
which the measurements are made. 

If the three standard stimuli of a trichromatic 
colorimeter are chosen at random it will be 
found that although many colours can be 
matched by suitable mixtures of the standards 
there are others which cannot. This applies 
to every possible set of standards, but by a 
suitable choice it is possible to secure that the 
great majority of the colours of commerce can be 
directly matched. For this purpose the most 
suitable standards are saturated colours the 
hues of which match the hues of the spectrum 
in the red at wave-length about 0-63/i, in the 
green at wave-length about 0-53/r, and in the 
blue at wave-length about 0-455 p. 

Even then, however, there are some colours 
which cannot be matched by any combination 
of the standards. In such cases it is always 
possible by adding some one of the standards 
to the colour under test to obtain a modified 
colour which can be matched by the other two. 
The result of this process, when the various 
quantities are all collected to the appropriate 
sides of the equation, is to give an expression 
for the colour quality of the specimen in which 
one of tho trichromatic coefficients has a 
negative sign, for example, 

S=aA-)3B+yC, 
where a—) 3+y=l. 

In order to meet such cases and render the 
instrument universally applicable, it is necessary 
in constructing a trichromatic colorimeter to 
make provision for throwing light of any of 
the three standard colours into the side of the 
field normally occupied by the test colour alone. 
Failure to make this provision in the early 
instruments greatly restricted their utility 
and prevented them from becoming widely used 
for scientific or industrial purposes. 

The fact that the three instrumental standards 
are always red, green and blue has given rise 
to a popular belief that red, green and blue are 
primary colours, from which all others may be 
built up. As has been seen, this is an erroneous 
supposition ; there are no three colours from 
which all others can be produced, though red, 
green and blue in combination can match a 
very large proportion of the colours of material 
objects. A secondary consequence of the general 
use of red, green and blue standards is that it is 
customary to denote them in colour quality 
equations by R, G, and B, instead of by the more 
/general symbols here used. 

For many years the only universal tri- 
chromatic colorimeter obtainable commercially 
has been the Guild colorimeter (J. Guild, Trans. 
Opt. Soc. 1925-26, XXVII, 106). In this 
instrument the three standards are obtained by 
passing light from an opal-bulb gas-filled lamp 
through specially selected red, green and bluo 
filters fitted in annular openings provided with 
adjustable shutters by which the effective 
length of each opening can be controlled. Tho 
light transmitted by these openings is gathered 
by a rapidly rotating periscopic prism which 
combines the three coloured beams- on tho axis 
of the optical system associated with the 
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matching field. When the speed of rotation 
is sufficiently rapid, flicker disappears, and a 
Bteady field is observed. Its colour is a mixture 
of the three standards. The relative amounts of 
red, green and blue in the mixed stimulus 
are proportional to the lengths of the corre- 
sponding apertures, and are read from scales 
attached to each shutter. Fig. I is a diagram- 
matic view of the essential parts of this colon- 
meter. CD is the penscopic pnsm which rotates 
about the optic axis DE, along which ultimately 
passes the light collected by the peripheral end 
of the periscope as it rotates past the annular 
windows shown in the end view. Fig. la. The 
specimen under test is mounted at S. Light 
from it enters the window I and passes through 
an oblique plate of clear glass J to the matching 


cube E. The field of view provided by tins 
cube is a square subtending about 2° at the 
observation pupil II, and divided into two 
horizontal portions, one of which is illuminated 
by the beam from S, while the other contains 
the matching stimulus. The transparent plate 
J, which crosses the test beam, serves to super- 
impose on this beam some additional light of 
the same colour as the red, green or blue 
standard, which may be required, as already 
indicated, when measuring a colour one of whose 
trichromatic coefficients is negative. This light 
is collected by the right-angled pnsm L, passes 
to M, which reflects it through a small aperture 
in the wall of the instrument to the lens K 
and plate J, at which part of it is reflected 
along the same path as the beam from the 

S— jr- 



Fig. 1. 


specimen S. Between the prism M and the 
aperture can be fitted one of three filters 
similar to those used for the standards. The 
light superposed on the test field con thus be 
given the colour of any one of the standards. 
An annJar photometric wedge N serves to 
adjust the intensity of the beam to the required 
amount. This wedge and also the three mam 
shutters are operated by control knobs outside 
the instrument. 

Recently another trichromatic colorimeter, 
designed by R. Donaldson (Proc. Physical Soc. 
1035, 47, 1008), has been placed on the market. 
The principles of operation are the same as in 
the Guild instrument, the main difference in 
design being in the method of mixing the three 
standard colours. In the Donaldson colorimeter 
the light entering by the three coloured apertures 
Is concentrated by a Urge condensing lens in a 
small opening in the side of a hollow sphere, 
the inner surface of which is coated with 
magnesium oxide. The colours are thoroughly 
mixed by the multiple reflections to and fro 
inside the sphere, and light from a small region 


of the surface, remote from the direct unraixed 
beams, is directed by a suitable optical system 
to the matching field. This instrument has the 
advantage that there are no motor-driven, 
parts. It is therefore silent in action and can bo 
built on a lighter and more compact scale. The 
provision for determining negative coefficients, 
and the auxiliary equipment generally, are on tbe 
same lines as the corresponding features of tbe 
Guild instrument. 

Manfred Richter (Z. Techmsche Physik. 1038, 
19, 08) has described another trichromatic 
colorimeter which in principle is Identical with 
the Donaldson instrument. 

A trichromatic colorimeter in which tho three 
standard stimuli consist of monochromatic 
radiations isolated spectroscopically has been 
constructed by IV. D. IVnght (Trans Opt. Soc. 
1927-28, 29, 225). This typo of instrument 
has tho advantages for some kinds of visual 
research that the standards are more directly 
defined in simplo physical terms than standards 
obtained with colour filters and, also, there H 
leas compensation of certain types of visual 
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abnormality, a point of importance when 
the object of the work may be to reveal and 
study these abnormalities. This last feature 
is, however, a disadvantage in applied colori- 
metry, where it is desirable to eliminate as far as 
may be practicable the visual peculiarities of the 
observer. Eor this class of work instruments 
with filter standards are preferable. They 
provide better compensation of minor visual 
abnormalities in the majority of practical 
cases and are on the whole less liable to give 
trouble in the hands of semi-skilled observers. 

The trichromatic colorimeter, in one form or 
another, is the fundamental instrument on 
which all .colour measurement is based. It 
alone makes direct use of the three-fold relation 
between the physical stimulus and the observed 
colour imposed by the characteristics of human 
vision. The great generality of the method has, 
however, stood in the way of its adoption for 
industrial purposes until quite recent years. 
The fact that a colorimeter could be con- 
structed with any three colours as standards 
and that no two instruments were ever made 
alike in this respect meant that results obtained 
on one instrument were not comparable with' 
those obtained on another. The application of 
measurement to industrial needs requires that 
one set of standards shall be universally used. 
It would be unscientific, and in fact impracti- 
cable, to adopt the standards peculiar to one 
instrument. Fortunately, there is no need to 
do this. 

The relations between colours exhibited by 
their values on any one trichromatic system 
necessarily originate in the relations between the 
excitations of the visual mechanism by the 
various stimuli, including the standard stimuli 
themselves. It follows that the values on 
systems with different sets of standards must be 
related, since the same phenomena of perception 
underlie them all. These relations are of a 
simple character and make it possible to convert 
colour values on any one trichromatic system 
to any other, and we may adopt a set of reference 
standards which are not necessarily incorporated 
in any actual instrument and convert the 
measurements made on any trichromatic colori- 
meter to this reference system. The results 
will then be strictly comparable with those 
obtained on any other trichromatic colorimeter. 
The theory of such transformations was first 
outlined by H. E. Ives (J. Franklin Inst. 1915, 
180, 673; 1923, 195, 23), and is given more 
fully by Guild (Trans. Opt. Soc. 1924-25, 26, 
95, 139). 

Tho first attempt to introduce this type of 
standardisation into colorimetry was made in 
Groat Britain in 1925, when the National 
Physical Laboratory adopted as reference 
standards the three monochromatic radiations 
of wave-length 0-700 p, 0-5461 p, and 0-4358 p. 
To meet the requirements of commerce, systems 
of measurement must have international recog- 
nition. These standards did not meet with 
universal approval in other countries because of 
the existence of negative coefficients in the 
expressions for some colours. As already said, 
this feature is common to all trichromatic 
systems with real colour standards. It is, 


however, possible to invent imaginary standards 
which have no real existence, but which are 
related to a set of real standards by relations 
of the same kind as those which connect two 
sets of real standards. By choosing suitable 
numerical coefficients in these relations we can 
define a reference system in which every real 
colour has all three trichromatic coefficients 
positive. In 1931 the Colorimetry Committee 
of the Commission Internationale de l’Eclairago 
adopted a standard system of this kind. Because 
the standards are not real colours, the common 
notation R, G, B was abandoned and replaced 
by X, Y, Z. The recommended symbolic form 
of the colour quality equation of a stimulus S 
on this system is 

S=a:X+i/Y+zZ, 

where x+y+z=\. In a practical case, x, y, 
and z are replaced by the appropriate numerical 
values. The National Physical Laboratory 
Report on any trichromatic colorimeter sub- 
mitted for test gives the constants necessary for 
converting measurements made with the instru- 
ment to the International reference system. 

Standard scales of measurement are not in 
themselves sufficient to ensure unique results 
for the colour of any given material. The 
colour of a material cannot be dissociated from 
the quality of the illumination in which it is 
viewed. Most coloured objects appear different 
in daylight and artificial light. The kind of 
illumination must be specified for every colour 
measurement. Usually the term colour means 
colour by daylight, and comments, such as 
“ Purple objects look red in lamplight,” are 
accepted as reasonable because to most people 
a purple object is one which has that colour by 
daylight. This is regarded as the real colour of 
the object and its appearance in another kind of 
illumination, though it is just as real, is regarded 
as misleading. 

For ordinary purposes of classification colours 
are measured as seen in daylight. Daylight 
is not, however, a satisfactory light for use in 
colorimetry; it is neither sufficiently constant 
in intensity nor in colour. Artificial sources of 
definite and reproducible spectral composition 
are required. Further, one such illuminant is 
not regarded as sufficient to meet the require- 
ments of commerce, and the Commission Inter- 
nationale has established three, which are 
designated standard illuminants A, B, and C. 
The first of these is simply a gas-filled lamp 
operated at a colour temperature of 2,848°K., 
and is to be used for the colorimetry of materials 
intended principally for use indoors in artificial 
light. The second and third are obtained by 
combining with this lamp one or other of two 
blue filters consisting of suitable salts in solution 
in glass containers. Illuminants B and C are 
similar in spectral constitution to two typical 
grades of daylight, one rather yellower and the 
other rather bluer than the average in this 
country. For the commercial colorimetry of 
materials whichever of these three illuminants 
is most likely to be appropriate should be 
used, and whichever is used should be specified. 
Of course, for special purposes, special kinds of 
illuminant may be called for. 
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The colours of many materials also depend to a 
considerable extent on the angle of incidence 
of the light and the angle from which they 
are viewed. Here again, special cases call 
for special treatment, but it is desirable to bare 
standard conditions which may be assumed to 
hold unless otherwise stated. The Commission’s 
recommendation is that specimens shall be 
illuminated at 45° to the surface and viewed 
normally to the surface. Where the pecuhar 
nature of a material or the nature of a problem 
under investigation requires departure from 
these conditions, those actually employed should 
be stated. 

When all conditions of measurement hare 
been specified, there is still uncertainty in 
colour measurement arising from the variations 
of colour vision of observers Despite state 
ments which bare been made to the contrary, 
any marked abnormality of vision is easily 
detected, and no person with serious defects of 
colour vision should bo employed in colonmetry 
There are, however, minor differences in colour 
vision among observers who cannot be classed 
as defective, and these causa systematic 
differences in their measurements One great 
advantage of the trichromatic method of 
colonmetry is that when the instruments are 
used in the proper manner there is considerable 
compensation of such systematic errors in the 
majority of practical cases, and the results are 
much less dependent on the observer than is 
generally supposed. Nevertheless, differences 
exist which, if not corrected, would seriously 
limit tho utility of colour standardisation 
In addition to the other standards a 
standard observer is also required, and the 
Commission has defined such an observer by 
means of tables showing the results which he 
would obtain if he measured the various colours 
of the spectrum. These are based on tables 
prepared by Guild (Phil Trans. 1931, 230, A, 
149) from measurements made by a number of 
observers m investigations conducted separately 
by him and by W. D. Wright (Trans. Opt. 
Soc. 1928-29, SO. 141). By means of these 
tables it is possible to calculate tho colorimetric 
values which would bo obtained by the standard 
observer for any stimulus of known spectral 
energy distribution. In suitable cases, therefore, 
the standard values can bo obtained for a spcci 
men by calculation. By having a few standard 
specimens of various colours calibrated in this 
way an actual observer, by measuring these 
specimens, can determine tho nature and magni 
tude of the corrections which his observations 
require. 

From tho economical point of view it is not 
feasible to use this method of calculation in all 
cases and dispense with direct measurement on 
colorimeters. The spoctrophotometne measure- 
ments required for the indirect method must be 
made with great accuracy, and if carried out on 
the usual types of equipment, these measure 
ments, and the subsequent lengthy calculations, 
occupy a time greatly in excess of that required 
for a colorimetric measurement. lor routine 
work the cost is prohibitne and the method can 
only l>e profitably employed for standardisation 
purposes. A. C. Hardy (J. Opt. Soc. Amer. 


1929, 18, 90 ; 1935, 25, 305) has devised an 
instrument for performing automatically all the 
operations involved in the spcctrophotometnc 
analysis of a specimen and the calculations of 
its colorimetric constants for any of the standard 
illurmnants. The machine cannot be described 
in the space available here. Despite Us extreme 
complexity it appears to afford a satisfactory 
method of applying tho indirect method to 
routine colorimetry. Its necessarily high cost is, 
however, an obstacle to its widespread use, and 
it cannot at present be regarded as an easily 
available substitute for visual colorimeters. 

Another line of development to which atten- 
tion has been given in recent years is the 
substitution of the human observer by a system 
of photo electric receivers It is possible to 
design an instrument of this kind which will 
give directly the values of x, y, and z in the 
standard colour quality equation of a specimen 
without the auxiliary calculations required when 
a visual colorimeter is used The theory of such 
an instrument is simple and is given fully in a 
paper on Colorimetry and its relation to Photo- 
metry by Gudd (Trans Illuminating Engineering 
Soe. London, 1937, 2, 127), but the practical 
difficulties are great and there is not yet any 
satisfactory photo-electric colorimeter on tho 
market. 

Meanwhile various instruments, whose indica- 
tions consist of the responses of a photo cell 
modified in spectral sensitivity by colour filters, 
have been put on the market as colorimeter*. 
In every case within the writer's knowledge the 
claim to this title is unjustified, there being 
no attempt, successful or otherwise, to incor- 
porate any of the essential properties of a 
colorimeter. Such apparatus is not, however, 
without its uses in a colour laboratory. For 
example, for checking the accuracy of repro- 
duction of a colour for which the same pigment 
is always used, or for any other test in which 
identity of colour implies similarity of physical 
and chemical properties, the responses of a 
photo-cell used in conjunction with two or 
more colour filters provide a rapid and accurate 
means of determining colour equality. But if 
attempts with such apparatus be made to com- 
pare colours prepared from different materials, or 
oven from the same material by different 
methods of treatment, tho results may bo most 
misleading. It cannot be too strongly em- 
phasised that in order to measure colour it is 
not sufficient to have an instrument tho readings 
of which vary with colour. Tho readings must 
depend only on colour and not on other factors- 
The same readings must always bo obtained for 
colours which are visually identical irrespective 
of whether the spectral constitutions of tho 
stimuli are similar or not. Further, it must 
never be possible for the instrument to give the 
same readings for colours which arc not visually 
identical. Neither of these conditions con bo 
fulfilled by a physical colorimeter unless the 
spcttral sensitivity of the receiver, as modified 
by the various filters employed with it, 1* 
correctly related to the properties of the eye as 
defined by tho tables constituting the standard 
obsener. The complete recommendations of 
the Commission Internationale de I’Eelairogo fur 
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colorimetric standardisation are given in 
Compte Rendu des Stances, 1931, of the 
Commission {Cambridge University Press), 
and also, together with an account of the 
derivation of the system and instructions for its 
practical application, in a paper by T. Smith and 
J. Guild (Trans. Opt. Soo. 1931-32, 33, 73). 

From the nature of colour-quality equations 
on the trichromatic system it is easy to exhibit 
the relations of colours by a diagram. In the 
equation S=xX+yY - f ,Z we know that 
x j r yj r z= 1, so an explicit statement of the 
values of any two of these coefficients implies the 
third and is sufficient to define the colour- 
quality. Colour-qualities may therefore be 
represented by points on a two-dimensional 
graph, using some pair of the trichromatic co- 
efficients as co-ordinates. In Fig. 2, for example. 


X 



the curved line is the locus of points correspond- 
ing to the various spectral colours for the C.I.E. 
standard observer, using the x and y coefficients 
of the standard reference system. The point E, 
for which x=i/=J, represents the colour-quality 
of an equi-energy spectrum. The point A 
represents the colour-quality for which k= 0'3, 
y=0-5, and z (by implication)=0-2. A diagram 
of this kind has many uses. From its geo- 
metrical properties we can determine graphically 
the colour resulting from the additive combina- 
tion of any group of two or more colours in 
any proportions. Details of such calculations 
are given in some of the papers already quoted. 
Tho diagram is also useful for studying the 
changes of colour which take place during the 
fading of a pigment, or the variation of colour 
with concentration, and so on. For example, 
if the colour-qualities of a fugitive pigment at 
various times after the beginning of exposure to 
a fading agency be plotted and the points so 
obtained he joined by a continuous line, the 
"hole course of the fading process can be seen at 
a glance. . It is also useful in such cases to plot a 
graph of the brightness factor against the other 
variable— time of fading, concentration, etc. 

Vith some pigments the change in fading is 
almost entirely a change of brightness factor 
with little change of colour-quality; with 


others the reverse is the case, while with many, 
both the brightness and colour-quality change. 
This method of studying colour phenomena has 
been much utilised in the research laboratories 
of the colour industries. 

Other types of colorimeter employing tho 
principle of additive colour mixture have been 
described and used for special purposes. In 
some of these colours are matched by mixing 
white light with monochromatic h'ght of suitable 
wave-length, e.g. the colorimeters of P. G. Nutting 
(Bur. Stand. Bulletin, 1913, No. 9) and I. G. 
Prest (J. Opt. Soc. Amer. 1924, 8, 173); in 
others by combining suitable pairs of mono- 
chromatic stimuli, as in the Vector colorimeter 
of Guild (Trans. Opt. Soc. 1925-26, 27, 139), 
and others which have since been developed on 
similar principles. All such methods derive 
their ultimate significance from the funda- 
mental trichromatic method, and results 
obtained by them can be converted to the 
standard trichromatic basis, and vice versa. 
None of these instruments is used in industry, 
as far as the writer is aware, and details of 
their construction is omitted from this article. 

A somewhat different method of colour 
measurement, which also in principle depends 
on the additive mixing of standard stimuli, is 
employed in the Ostwald system of colorimetry. 
In this system a colour is expressed by the 
equation C-J-W+B— 1, where C is the amount 
of full colour, W the amount of white, and B tho 
amount - of black, expressed as proportions, 
required to match the colour. Tho “ full 
colours ” consist of a series of colours of fairly 
high saturation ranging in hue from the red 
of the spectrum through orange, yellow, green 
and blue to violet, and thence through purple, 
magenta and cerise back to red. These colours 
form what Ostwald terms the chromatic circle. 
A mixture of one of the full colours with white 
produces various degrees of paleness of colour, 
while admixture with black reduces the bright- 
ness. Important claims are made for this 
system, not the least of which is that it is the 
only system of colour specification which takes 
account of the psychological and aesthetic aspects 
of colour. It may be stated, however, that 
these considerations are extraneous to the 
principles of colour measurement as developed 
in Great Britain and the United States and 
embodied in the international system. The 
subjective relations of dissimilar colours are the 
proper concern of the user of colour — the artist, 
architect, etc. — who aims at obtaining certain 
sesthetic- effects by his manipulation of colours ; 
but they are not the concern of the colorimetrist, 
who may only take account of those relations 
which are necessary and sufficient to provide a 
basis of classification fulfilling the fundamental 
requirements of measurement. The only sub- 
jective relation which is required, or which is 
permissible, is the relation involved in colour 
matching — that of appearing alike both in colour 
and brightness. For practical measurement on 
Ostwald’s system examples of the standard 
full colours are necessary. These are generally 
supplied as specimens of dyed wool mounted on 
slides convenient for insertion in a suitable 
optical instrument. When the appropriate full 



302 


COLORIMETERS AND COLOUR COMPARATORS. 


colour has been found by trial the coefficients 
in the Ostwald equation have to be determined. 
The methods employed are somewhat com- 
plicated and are given m Part II of Ostwald’s 
book “Colour Science,” of which an English 
translation by J. Scott Taylor has been pub- 
lished by Messrs. Windsor & Newton. Equip- 
ment for colorimetry by Ostwald’s method can 
be obtained as accessories to the Zeiss-Pulfnch 
photometer, to be described later m another 
connection 

In addition to the methods of colorimetry 
based on the additive combination of standard 
stimuli already described, colour matching can 
also be effected by passing white light through a 
number of colour filters in succession The first 
filter subtracts some of the spectral constituents 
from the white light ; and what is left is robbed 
of something more by each succeeding filter, 
with corresponding changes of colour This is 
termed the sublrachit method of colour mixing. 
Colours formed in this way are in no sense a 
mixture of the colours of the individual filters as 
vs the case with additive mixtures. In a 
trichromatic colorimeter, for example, all of 
the light transmitted by each filter (if a filter 
type of instrument is used) goes to the matching 
field and contributes to the colour seen there. 
The details of the spectral absorption of the 
individual filters are immaterial ; it is their 
colours alone which matter With the sub- 
tractive method the colours of the individual 
filters are immaterial ; it is the nature of their 
spectral absorption curves that matter. For 
example, a certain blue glass and a certain 
yellow glass m senes may transmit green light. 
This happens because the blue glass transmits 
the blue portion of the spectrum, a considerable 
proportion of the green, and none of the red; 
while the yellow glass transmits no blue, but 
varying proportions of the green to red region. 
The only part of the spectrum which both 
glasses transmit is the green, and it is a common 
mistake to think that any blue filter and any 
yellow filter will give green in combination, as it 
would be possible to have two filters, identical in 
their colours with those j ust considered, which in 
combination would let through no light at all. 
This would be the case if the yellow filter, instead 
of transmitting a broad spectral region including 
the green and red, transmitted only yellow fight 
confined to a narrow range of wave-length. 
More must be known, therefore, about filters 
than their individual colours before the colours 
of subtractive combinations can be predicted. 
Each filter must transmit light to varying 
extents over a large region of the spectrum m 
order that some parts may be transmitted by all 
of them. Filters may be found with the 
necessary properties, and the first successful 
attempt to utilise this principle^ for colour 
measurement was made by J. W. Lovibond 
(" Measurement of Light and Colour,” Geo. Gill 
& Sons, London) in the instrument known as the 
tintometer. In this instrument the fight from 
the specimen enters one side of the matching 
field while light from a white diffusing surface, 
after passing through various coloured glasses m 
series, enters the other- There are three seta of 
these glasses. In appearance they may be 


roughly described as red, yellow and blue, tbs 
red haring a tinge of blue in it. Each set 
consists of a senes of glasses of graded density, 
marked with a number proportional to the 
density. That is to say, the glass marked 10 
should have the same colour as ten glasses 
marked 1, orof a glass marked 4 and one marked 6, 
and so on. The numbers of the different sets 
are so related that a combination of similarly 
numbered members of each set is of a neutral 
grey colour. In the original form of the tinto- 
meter the glasses were supplied separately 
and had to be selected and dropped into 
appropriate slots in the body of the matching 
instrument, which was of a simple form, having 
as comparison fields two rectangular slots some 
distance apart. The full set of glasses for use 
with thi3 equipment contained 155 members of 
each senes, graded from 0 01 to 20 0, or 465 
glasses in all This degree of subdivision is 
superfluous, and in the roost recent model of 
the tintometer, known as the British Drug 
Houses’ pattern, 60 red, yellow, and blue glasses, 
and 12 neutrals are supplied. These are fitted 
m sliding frames in a matching instrument, 
which has the comparison fields juxtaposed, 
giving greater accuracy of matching than the 
older models In using the tintometer an 
attempt is made to match the light from 
the specimen by a suitable combination of red, 
yellow and blue standards interposed in the 
beam from the standard white plate. If the 
brightness factor of the specimen is not too 
great this can be accomplished. If the specimen 
is too bright to be matched in this way, neutral 
glasses arc inserted in the beam from the 
specimen, the density being increased until it is 
possible to effect a match with a combination of 
two standards in the other beam. The method 
of reduction of observations recommended by 
the makers is based on the following considera- 
tions. Any combination of red and yellow 
glasses alone produces hues intermediate 
between red snd yellow, passing through 
orange red, orange and yellow-orange. Com- 
binations of yellow ana blue pass through 
yellow green, green and green-blue, while 
combinations of red and blue pass through red- 
violet, violet and blue-violet Supposo a 
specimen matched by 6 0 red, 12 0 yellow and 
1 5 blue. The smallest of these numbers is first 
subtracted from all, giving the result as 1 5 
plus 4 5 red plus 10 5 yellow. The 4 5 red is 
then associated with an equal amount of the 
yellow, yielding the resultant 4 5 units of orange, 
and, as the final designation of the colour, 1-5 
neutral plus 4 5 orange plus 0 0 yellow is 
obtained. If, on the other hand, it Is necessary 
to darken the specimen with, say, 0 03 neutral, 
and that this is matched by 4 5 red and 3 5 
blue, the 0 03 units of neutral tint are listed 
separately as brightness while the colour on the 
other side is analysed as 3 5 violet and 1-0 
blue. 

In the latest model of the tintometer the 
brightness adjustment is effected independently 
of the Lovibond glasses. This enables the 
colour match to be made with glasses from not 
more than two of the threo serie* a id eliminates 
the use of neutral glasses. This modification 
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greatly increases the facility and accuracy of 
the measurement. The illuminant provided is 
the C.I.E. standard B, and the direction of 
illumination and observation are also those re- 
commended by the Commission. Any measure- 
ment made with this instrument can, of course, 
be converted to the C.I.E. trichromatic system 
by calculations based on the spectral absorption 
of the Lovibond glasses. The necessary cal- 
culations may be made once and for all, and 
the results incorporated in charts from which 
corresponding values on the two systems may 
he read directly. Such charts have now been 
prepared by the makers. 

Many special models of the tintometer for 
limited purposes are also made. These are 
supplied with a small number of standard 
glasses specially adapted for the purpose on 
hand, such, for instance, as the measurement of 
X-ray dosage by the Sabouraud-Noire pastille 
method ; -the acid washing tests of coal tar frac- 
tions; the tests of petroleums and lubricating 
oils ; the evaluation of vitamin-content of cod- 
liver oil ; or Nessler’s ammonia test, and many 
others. It is probably in these restricted forms, 
where, owing to the small range of glasses re- 
quired, the apparatus can be supplied at a much 
lower price and in more compact form than any 
universal colorimeter, that the tintometer is 
most widely used. The degree of reproducibility 
of different sets of Lovibond glasses, though by 
no means so good as is sometimes claimed, is 
nevertheless fairly satisfactory. Any Lovibond 
measurement can be converted to the C.I.E. 
trichromatic Bystem by calculations based on 
the spectral absorption characterising the glasses. 

In the Eastman colorimeter, devised by L. A. 
Jones (J. Opt. Soc. Amer. 1920, 4, 420), the 
same principle of colour measurement is 
employed. The graduated series of coloured 
glasses used in the tintometer are here replaced 
by three coloured wedges which vary in density 
from one end to the other. The absorptive pro- 
perties of the wedges are similar to those of the 
red, yellow and blue series of Lovibond glasses. 

In concluding this brief account of colour- 
measuring apparatus and the principles on which 
they operate, it must be insisted that the 
successful application of colorimetry to the 
problems of industry is impossible without 
adherence to a rigorous system of standardisa- 
tion as regards conditions of test, and the form 
in which results aro expressed. The degree of 
standardisation effected by the Commission 
Internationale de l’Eclairage, though not yet 
perfect, embodies the pooled experience of the 
standardising laboratories of the principal 
industrial nations. Their recommendations con- 
stitute a necessary mini mum, and should be 
strictly followed by everyone employing colori- 
metric methods in industry. New instruments 
should not be adopted because of ease of 
manipulation or precision of repetition unless 
they are designed to work under the standard 
conditions of the C.I.E., and unless it is possible, 
by suitable methods of conversion, to express 
any result obtained with them on the standard 
reference system. 

Colour Comparators. — Instruments of this 
class, often misnamed colorimeters, are mainly 


used for the estimation of substances in solution. 
The many specific tests of this kind to which 
colour comparators are applied in chemical 
and biochemical laboratories do not come 
within the scope of this article, which is con- 
cerned only with instruments and the principles 
of their use. One of the simplest devices for 
work of this kind is merely a series of test- 
tubes containing solutions of known and 
graded concentrations of the substance to be 
estimated. The solution of unknown concen- 
tration is put in a similar test-tube and visually 
compared with the tubes of known concentra- 
tion until that nearest to it in colour is found. 
This method is capable of surprisingly good 
results if the standard solutions are suitably 
graded and is still used in many laboratories. 
Nevertheless, more precise results are to be 
expected if an optical 
comparator is used, 
and such instru- 
ments have been de- 
signed. Many of the 
earlier forms were of 
crude design, and it 
is doubtful if they 
effected an increase in 
accuracy sufficient to 
compensate for the 
extra complexity of 
technique. Omitting 
an historical resume, 
only typical instru- 
ments illustrating the 
various principles 
which are employed 
for chemical estima- 
tions by colour or an 
equivalent criterion at 
the present time will 
be described. 

Probably tho best 
known instrument is 
the Dubascq colori- 
meter, which is based 
on a principle also 
used in instruments 
by Patterson (J.S.C.I. 

1890, 9, 36) and 

Schreiner (J. Amer. 

Chem. Soc. 1905, 27, 

1192). Pig. 3 is a diagram of the optical 
system used in a modem model of the 
Duboscq instrument. E is an eyepiece, focussed 
on the sharp edge of a Ulbricht-prism U, which 
consists of the major portion of a rhomb 
of clear glass. P-j and P 2 are “ plungers ” 
consisting of glass rods with plane polished 
ends. These dip into cups and C 2 , the lower 
ends of which are plane-parallel glass plates. The 
plungers are fixed but the cups can be inde- 
pendently moved up and down by rack and 
pinion . adjustments, scales being provided 
which indicate the distance from the bottom 
of each cup to the end of the plunger which it 
surrounds. M is a mirror, inclined to the plane 
of the diagram, which throws light vertically 
upwards. The beams passing through the cups 
and plungers follow the directions indicated 
by the broken lines, and illu min ate the two 
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halves of the field of view, which are sharply from w hich the result ia deduced. Here also, if 
divided by the top edge of the Ulbncht rhomb, the standard is of different material from the 
When both cups are empty the light losses in test solution, Beer’s law need only be true for 
the two paths are equal, so if the illumination is the standard and not necessarily for the test 
properly adjusted the two fields will appear solution. 

equally bright and the dividing line should be An alternative method of visual estimation, 
nearly invisible. A solution of known concen which has the advantage of requiring no 
tration is put in one cup, which is adjusted standard solutions except for the initial cahbra- 
until the length of liquid column traversed by lion of the apparatus, employs instead of a 
the light has some convenient value. The colour match a brightness match in approxi- 
solution of unknown concentration is put in mately monochromatic light. The colorimeter 
the other cup, which is racked up or down of van den Bergh and Grotepass is similar in 
until the two fields exactly match in colour design to the Duboscq except that a single rack 
If the unknown concentration is the same as and pinion adjustment moves both cups simul- 
that of the standard the match will occur when taneou9ly, maintaining both liquid columns of 
the liquid columns are of equal length. If the equal depth One cup is filled with the test 
concentrations differ the lengths will differ solution and the other with the pure solvent 
and the unknown concentration is deduced A rotatable disc carrying five neutral filters 
from that of the standard by assuming Beer’s made from gauze of known transparency is 
law that for a given colour the product of the fitted in the path of the beam which traverses 
concentration and the thickness of the absorbing the solvent, and above the eyepiece another disc 
layer is constant This, the normal method of carries eight colour filters transmitting only 
using the colorimeter, requires the preparation small spectral regions. The depth of the 
of standard solutions of the test substance. If liquid columns is brought to some predeter- 
these are unstable, they must be frequently mined value, and the colour filter whose band of 
renewed. To obviate this need more per- transmission is nearest that part of the spectrum 
manent standards for various colorimetric for which the absorption of the test solution is 
estimations may be made from coloured glass, greatest is brought over the eyepiece The 
or from solutions of some other substance, fields now appear of the same colour but differ 
having the same colour as a specified con- in brightness The various gauze filters sre 
centrationofthe test substance. Such standards inserted in the comparison side until one is 
may differ in their spectral absorption curve found which gives the closest approximation 
from that of the test substance, in which to a brightness match Any residual difference 
case the colour match will depend on the in brightness is removed by a small adjustment 
observer’s colour vision and on the spectral of the depth of the liquid columns. It will be 
quality of the illumination. Difficulties from observed that this method eliminates the 
the latter cause may bo avoided by preparing absorption of the solvent as both beams always 
and using the standards with an illumination of traverse the same thickness of liquid. The 
definite spectral energy distribution, one of the relative sensitivity of these methods depends 
C I.E. standards, for example. Standard on the nature of the spectral absorption of the 
illuminant B will give more sensitive colour test substance. In some cases a colour match 
discrimination for the majority of estimations gives the more sensitive criterion of concentra- 
tion either A or C. tion and in others the monochromatic brightness 

In cases where tho test solution does not match. It is useful to be able to apply which- 
accurately obey Beer’s law, there may be an ever of these methods is more sensitive in any 
advantage in using standard solutions of some given case, and a Duboscq or Autenrictn 
other substance, even when this is not dictated colorimeter can be used by the second method 
by other considerations If a standard solution with the aid of a set of colour filters and a 
of suitable colour can be prepared from con- series of neutral filters, either of gauze, as used in 
stituents which do obey the law, we can reverse the van den Bergh-Grotepass instrument, or of 
the usual procedure and vary the depth of the lampblack in gelatine. The exact equality of the 
standard solution, maintaining a fixed specified liquid columns maintained in that instrument, 
depth for the test solution. though a useful feature, is not a primary require- 

The AuUnrieth-K6n>gsberger colorimeter ment, and may be achieved sufficiently closely 
(Chem. Zentr. 1910, 1, 2032) operates on the by simultaneous independent adjustment of the 
same principle as the Duboscq, though the cups of & Duboscq type of instrument, 
matching arrangements are quite different. The Pulfnch photometer {“ Licbt und Lamps, " 

Light enters the instrument by two horizontal 1025, No. 3) or Slupfto photometer, as it is alter- 
shts. Behind one of these is a parallel-sided natively termed, can be used for a wide variety 
glass cell containing the test solution, and of purposes including chemical estimations 
behind the other a long w edge shaped cell either by colour match or monochromatic 
containing the standard solution. The wedge brightness match. Its optical system is ilius- 
ceU can be moved past the slit by a rack and trated in Fig. 4. Two beams of light, A and A', 
pinion adjustment, a scale indicating the thick- enter the instrument tm the lenses L,. L,\ 
ness of liquid traversed by the beam. The two and then pass through diaphragms V, 1)'. 
beams are brought together by a suitable These diaphragms constitute the essential 
optical system to illuminate the two halves measuring part of the instrument. The aper- 
of the matching field. Beer’s law, applied to lures are square and can be varied in size, 
the standard solution, provides the relation while still remaining centred on the two optic 
between colour, concentration, and thickness axes, by means of micrometer screws prowded 
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with large drums outside the box graduated to 
read the areas of the apertures directly. These 
areas determine the amounts of light which the 
apertures transmit. This light is collected by 
the field lenses L 2 , L 2 ', and the two beams are 
brought together by the internally reflecting 
prisms P, P', to provide uniform illumination 
of the two sides of the matching field formed by 
the biprism B, the ridge of which is focused 
by the eyepiece E and constitutes the dividing 
line. A rotatable disc (not shown) contains 



eight spectral colour filters any one of which, or 
a clear blank, may be brought into positions 
over the aperture E. 

The instrument can be used either horizontally 
or vertically. In the latter case the fight beams 
are directed upwards by an inclined mirror 
fitted to the base. For chemical estimations 
by colour match special cells are supplied. 
These consist of tubular glass walls fused to 
optically plane base-plates and fitted with 
dipping covers which give definite fluid thick- 
nesses of 1, 10, and 50 mm., and a cell in which 
tho thickness can bo varied by a solid glass 
plunger which can be made to descend to 
various depths by rotation of the cover. The 
test solution is put in this cell and the standard 
solution in one of the invariable cells. The two 
fields of tho photometer are made to match in 
intensity for white light. This can be done 
either by independent adjustment of the drums 
or by setting tho drums to equal readings and 
adjusting the position of the illuminant until 
both fields are equally bright. The cells are 
then inserted in the beams (a suitable stage is 
provided) and the colour match obtained 
by varying the depth of the test solution as 
Vol. HI.— 20 


with the Duboscq colorimeter. For the mono- 
chromatic brightness method two similar cells 
of equal depth, respectively containing the 
test solution and the solvent, are used. The 
most suitable monochromatic filter is inserted, 
and the intensity of the brighter field is reduced 
by operating the appropriate drum until a 
brightness match is obtained. 

Accessory attachments for various other 
types of measurement can be obtained for tho 
Pulfrich photometer. Reference has been made 
earlier to its use in conjunction with the Ostwald 
colour standards. Description of these other 
functions of the instrument would, however, 
be outside the scope of this article. 

The monochromatic brightness matching 
method of estimation clearly reduces to a 
determination of the ratio of the transmissions 
of a specified thickness of tho test solution 
and of the pure solvent for approximately 
monochromatic light within a selected wave- 
length range determined by the filter used. 
The method lends itself readily to accomplish- 
ment by purely physical means. An extremely 
simple method is to employ a photoelectric- 
cell, of the rectifier type commonly used as 
photographic exposure meters, and a quick- 
response galvanometer having a steady and 
reproducible zero. Cells containing the solution 
under test and the solvent are placed in succes- 
sion in the path of a beam of light from a small 
gas-filled lamp, such as a 50-watt motor car 
headlight lamp. Tho appropriate member of 
a set of spectrum filters is also inserted in tho 
beam. The relative transmissions of the test 
solution and solvent for this light may be 
deduced from the ratio of tho galvanometer 
deflections obtained. If care i3 taken to 
arrange the optical system so that the beam 
passing through the liquids is approximately 
collimated, and is not obstructed or scattered 
by the walls of the liquid cells, and so that the 
beam falling on the surfaces of the receiver is 
not displaced on interchanging the cells, very 
satisfactory results can be obtained. 

Photo-cells of the kind mentioned require no 
batteries or auxiliary electrical equipment. 
Various types differ greatly in spectral response. 
For this purpose those with selenium surfaces 
are best, as they have a fairly good response 
throughout the visible spectrum. Compact 
self-contained colour comparators employing 
rectifier photo-cells are now sold by several 
British makers; see article on Optical Instru- 
ments shown at the twenty-eighth annual 
exhibition of the Physical Society in January 
1938 (J. Scientific Instruments, 1938, 15, 
65). 

For tests of solutions tho maximum absorp- 
tion of which is outside the visible spectrum a 
rectifier cell is unsuitable. If the absorption 
is in the infra-red, a thermopile may be sub- 
stituted for the photo-cell, and, for the ultra- 
violet, a photo-cell of the emission type, but a 
difficulty arises in the great scarcity of filters 
suitable for isolating narrow spectral regions in 
either the ultra-violet or infra-red spectra. 

Moll, Burger and Reichert (J. Sci. Instr. 
1935, 12, 148) have devised a “ spectroscopic 
absorptiometer ** which can be used at any 
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part of the photographable spectrum. The 
essential parts are illustrated in Fig. _ 5. A 
source giving a continuous spectrum in the 
required spectral region is mounted about 60 cm. 
from the quartz lens L. The light transmitted 
by the lens is restricted by diaphragms to two 
circular beams of smaller diameter than the 
cells C, O', which hold the test solution and 
solvent. On emerging from the cells the beams 
are deflected to the slit of a spectrograph by 
the quartz rhomboidal prisms P, I", which are 
mounted one above the other. This slit is of 
special design, consisting of seven short slits in 
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line. One of the beams — that through the 
solvent— illuminates a short eht about 0 5 
mm. square. The other beam illuminates a 
senes of bit slits, each 0 5 mm. long, separated 
by 1 mm , and varying in width from about 
05 mm. downwards, the width being halved 
at each step. Seven nartow spectra ate therefore 
obtained at one exposure. One of these is of the 
light transmitted by the test solution, the other 
six, which vary in density in accordance with 
the widths of the slits, is of the light transmitted 
by the solvent If at a particular wave length 
the photographic density in the test spectrum is 
found to be the same as that in the comparison 
spectrum from a slit tho w ldth of which is only a 
quarter of that of the test slit, it can be deduced 
that the illumination pec unit area of the com- 
panion beam is four times as great as that of the 
test beam, and that the relative transmission of 
the solution to that of the solvent is, therefore, 
25%. Tho use of a microphotometcr for 
determination of plate densities is recom- 
mended. This not merely increases the accuracy 
of the comparison, but enables interpolation 
to be performed. For work in the ultra-violet a 
source giving a continuous ultra-violet spectrum, 
such as a lugh intensity hydrogen lamp, must 
be employed. The photographic method is not 
nearly so convenient as visual methods, or 
direct-reading physical methods, but is prac- 
tically the only one which can be satisfactorily 
used in the ultra-violet region of the spectrum. 

J. G. 

COLOUR AND CHEMICAL CON- 
STITUTION. The sensation of colour is 
produced by the action on tho retina of the eye 
of some portion of white light which has been 
scattered through the agency of a medium by 
which tbe light has been dispersed cither by 
refraction or during transmission- Of the seventy 
or so octaves of the electromagnetic spectrum 
which have been mapped, only one, namely, that 
between 3,900A“ and 7 .600 A”, represents the 
visible spectrum, or, in other words, the retina 
is only sensitive to wave-lengths within the 


3L0UR COMPARATORS. 

octave. White light need not be altered in 
any way by reflection or transmission from or 
through a medium and may thereby be quite 
unaffected. On the other hand, certain irre- 
gularities of surface or certain properties of a 
solution may lead to the absorption of a portion 
of white light causing tbe rays refracted or 
transmitted to have colours which are com- 
plementary to those which are absorbed. 

Such colour, which may be termed “ physical 
colour ” because it is produced by physical 
means and is entirely independent of chemical 
structure, is shown by a variety of natural 
substances, such as blue eyes, the coloured 
feathers of a bird, the brilliant green reflex of 
the wmg cases of certain beetles, the colour 
of butterflies’ wings, and of the rainbow. This 
type of colour can always be recognised, for 
example, in a bird’s feather, by the fact that 
the colour is only produced by diffraction, and 
disappears when the object is viewed by 
transmitted light. There is, however, a type of 
colour which may be regarded as chemical in 
origin, that is to say, it is produced by intra- 
molecular interference such as that already 
mentioned. It is, therefore, dependent on 
molecular structure, that is to say, on chemical 
constitution, and is the type of colour with 
which this article deals This kind of colour 
also occurs naturally as haemm, tho cotounng 
material of blood , as chlorophyl, tho colouring 
matter of green grass and as most of tho colours 
found in coloured flowers. These last can be 
extracted from tho object in which they occur, 
usually as glycosides, in which the pigment 
is present in combination with one or more 
molecules of & monosaccharide. 

It was clearly understood that tho distinction 
between the different lands of colour mentioned 
in this article is made merely as a matter of 
convenience; there is, of course.no real difference 
between them except in the method of 
production. Moreover, there is no sharp 
division in the matter of their natural occur- 
rence, because the feathers of certam parrots 
have been found to contain extractable pig- 
ments. A chemical substance appears coloured 
when it gives definite absorption bands in the 
visible region of tho spectrum, the colour being 
compounded of tho colours which remain 
after those represented by the absorption bands 
have been removed. A blue colour is given, 
therefore, by a substance which gives an 
absorption band in the red, yellow, and green — a 
red colour by one showing absorption in ths 
blue end of the spectrum. 

It is obvious, however, that phenomenon of 
this kind cannot bo confined to the single octave 
representing the visible spectrum, but must be 
spread over the whole range of the electro- 
magnetic spectrum. Unfortunately, we have no 
means of detecting absorption bands outside 
the visible region, except in tbe ultra-violet 
so far as it is susceptible to the photographic 
plate, and in tbe infra-red so far as they can 
be detected by heat, measurement*. There 
must, therefore, be a wide range of substance* 
outside tbe visible region, which since they 
give no absorption in this region are apparently 
colourless, but on account of the fact that they 
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give absorption outside the visible region are 
to be regarded as possessing “ invisible ” 
colour, or, in other words, colour that cannot be 
detected by the eye. 

The hydrocarbon benzene (C 8 H 6 ) is a case 
in point. This substance shows little absorp- 
tion throughout the visible region of the 
spectrum, and therefore appears colourless 
to the eye. If, however, a photograph is 
taken in the ultra-violet region it is found 
that definite marked absorption bands occur, 
meaning that if the eye could detect waves in 
this region benzene would be strongly coloured. 

It is assumed that this absorption is caused 
by the rhythmic interchange between the two 
“ Kekule ” individuals I and II, which repre- 


i. n. 

sent the formula of benzene, and accounts 
for its symmetrical properties as well as its 
stability. It is common to all derivatives in 
which this interchange is possible. If, however, 
the interchange is restricted as, for example, 
when benzene is oxidised to quinone, the ultra 
violet absorption is influenced, and the absorp- 
tion thrown into the visible region of the 
spectrum thus producing colour. Taking, there- 
fore, two comparable examples in hydroquinono 
and quinone, there is in the one the rhythmic 
vibration due to the benzene structure, and in 
the other the absence of such vibration and the 
occurrence of colour. 


^N. 





OH 



OH 


OH 

^ \ Reduction 



Oxidation 



Rhythmic vibration producing Rhythmic vibration pro- 
ultra-violet absorption but ducing absorption in 
no visible colour. the visible region of 

the spectrum. 


Still more striking examples of this change are 
shown by phenolphthalein : 



Colourless " crystalline substance 
showing marked ultra-violet ab- 
sorption. 



Deep red substance showing 
marked absorption in the 
visible region but dimin- 
ished ultra-violet absorp- 
tion. 

and also by the colouring pigments of certain 
flowers, which may be red or blue depending on 
the formula of the anthocyanidin present : 


C! 



Blue. 


It follows, therefore, that absorption in the visible 
region of the spectrum, and the occurrence of 
visible colour, are mainly dependent on the de- 
gradation of certain forms of rhythmic vibration, 
and if this is true it follows that aromatic sub- 
stances, that is to Bay, the derivatives of benzene 
and allied hydrocarbons in which rhythmic vibra- 
tional movement can occur, are the only sub- 
stances from which compounds having visible 
colour can be obtained. But this is not the 
case, because many aliphatic substances are 
also visibly coloured, as, for example, diacetyl, 
CH 3 COCOCH 3 , glyoxal, CHO— CHO, and 
so forth. An examination of such substances 
shows, however, that they are all compounds 
having a conjugated system of double linkages, 
and on this account are allied to benzene : 


V C H 

| 

^C-CH, 

| 3 

HC 

// ^-CH 

o^ CH 

o ^ C - CH 3 

| 

\^ CH 



HC 

Glyoxal. 

Diacetyi. 

Benzene. 


It is possible, therefore, that some kind of 
rhythmic vibration, such as that which gives 
rise to the ultra-violet absorption .of benzene, 
is also present in these cases, for example : 



O 


\CH 




CH 
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but that the interchange, being too feeble to , 
lead to ultra-violet absorption, shows its i 
influence in the visible region only. Perhaps i 
this explanation supplies a reason why certain : 
substances which should contain the conjugated 
chain are colourless, for example, ethyl oxalate 
(I); the reason being that there is no tendency 
in this case for the substance to assume the ' 
tautomeric form (II), and rhythmic vibrations 
are therefore absent. 

°^C— OCjHj °' N -C— OC,Hj 


colour he termed chromophores, and molecule* 
containing them were called chromogens. He 
specified the folio wing chromophores and gave 
illustrations of chromogens containing them : 


Chromophores 

NO, 

— N = N— 


Chromogens. 

C B H 5 -NO, 

C,Hj — N = N — CjH, 

/ c °\ 

c -<co> H - 


It is not proposed to deal in this article with 
the case of occurrence of colour in inorganic 
compounds The molecular condition of these 
substances is so complicated that it is not 
possible m our present state of knowledge to 
envisage what may happen when a beam of 
white light passes through, or is reflected 
from, an inorganic crystal in such a way that 
the emerging beam is coloured Usually the 
cause of colour may be ascribed to the pre- 
sence of a coloured ion, such as. for example, 
chromium or copper, but even the molecular 
condition of the salts of these elements vanes 
sufficiently to cause colourless substances to be 
produced from them by simple reactions. 
Thus, although copper sulphate is blue under 
normal conditions, it loses all visible colour 
when the five molecules of water of crystallisa- 
tion are removed by heat. 

General Outline. — The first synthetic 
dye (mauve) was produced by Sir W. H. Perkin 
in 1850. This branch of synthetic chemistry 
developed with great rapidity, and in the next 
twenty years the first members of many 
important groups of dyes had been prepared, 
eg. fuchsin (1856), rosamlm blue (I860), and 
alkylated tnphenylmethane dyes (1861-1866); 
Bismarck brown (1863), chrysoidme (1875), and 
naphthol orange (1876) in the azo- group; 
Martiua yellow (1864) in the mtro- group; 
Magdala red (1S6S) in the azine series; alizarin 
(I860) of the enthraqumone group; Buoresceln 
and eosin (1871) representing the phthalems; 
and Lauth’e violet (1876), foreshadowing the 
thiazines. By this time sufficient material had 
been accumulated to allow the formulation of the 
well known *‘l\itt’B rule” (1876), according to 
which substances attained the potentiality of 
colour when their molecules contained certain 
atomic arrangements or groups, which Witt 
termed chromophores. The colour and dyeing 
properties were made manifest by the intro- 
duction of additional groups termed auzo- 
chromes. 

Witt pointed out (Bcr. 1876, 9, 522) that 
two things are required to confer on an 
organic auhstanco colour and dj erng properties. 
The molecule must possess a certain grouping 
of atoms to give it the potentiality for colour, 
and it must also possess a salt-forming radical 
to bring out the colour and dyeing properties 
The atomic groupings giving the potentiality of 


C,H,CO CgH t C' 

I ) I I ^C.H.-OH 

CO— O CO— o 84 

It will be noticed that some of the chromogens 
are colourless, e.g. nitrobenzene and phenol- 
phthalein, whilst others have a feeble colour, 
e g azo-benzene and anthraquinone ; but 
none of the chromogens has any dyeing property. 
The colour is developed or strengthened by the 
introduction of salt-forming radicals into the 
chromogens. These radicals he therefore termed 
auzochromes. Hydroxyl , ammo-, and sub- 
stituted amino-groups can act as auxochromes, 
while Bulphomc and carboxyl groups are with- 
out this function The following table Bhows 
how the chromogens already mentioned are con- 
verted into dyes by the introduction of auxo- 
chromes : 

Chromogcn Dye 

C 4 H 6 NO, C a H 4 (NO,)OH 

Nltrophcnol 
C t H«(NO a )NH 1 
NltranlUnc. 

C 4 H 4 -N = N-C 4 H 5 C 4 H s -N-N-C 4 H 4 -OH 

Bcnzene-azo-phcnol 

c 4 h 4 -n=n-c 4 h 4 nh, 

Aniline yellow. 


yC 4 H|OH / ' C 4 H 3\ 

C.H«C-r C 4 H 4 C^ > 

CO— O * 4 CO— O \ho 

Fluorescein 

Witt’s Rulo is an admirable “ working 
hypothesis " but it deals only with tho con- 
nection betw een a coloured substanco and its 
capacity for affixing itself to the textile fibre* 
and lea\ es all questions concerning the'eouse of 
colour in the chromophoro unanswered. Nor, 
indeed, is tho “ vibration hypothesis " men- 
tioned above anything more than a reference to a 
phjsical condition which is not clearly under- 
stood. 

The Qcinonoid and Modified Quinonoid 
Theories.— In 1888 (Proc. Chem. hoc. 1883, 
27-33) H. E. Armstrong pointed out that the 
chemical formulae of the well-known dyestuffs 
either contained tho gu monoid grouping or 
could bo slightly modified or rearranged, in 
accordance w ith accepted ideas on tautomensm, 
so as to contain this grouping Tho qumonoui 
grouping may be defined as a benzene nucleus 
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to which other atoms or groups are attached by 
double bonds in the para - or ortho- position : 



Armstrong was probably much impressed 
by the then recently discovered fact that 
benzene-azo-/?-naphthol was identical with 
the phenyl-hydrazone of /3-naphthaquinone, so 
that there was as much justification for the 
formula 

N-NHPh 



as for the more usual one based on the formation 
of the substance from /3-naphthol and a benzene- 
diazonium salt, viz. : 


N:NPh 



and if it were allowable to assume tautomerism 
to a quinonoid form in this case, it might be 
allowable in other cases, e.g. in the case of 
p-rosaniline it would be consistent to suppose 
that on the conversion of the base into salts 
there was elimination of a molecule of water 
and formation of a substance with a quinonoid 
structure : 


/C 6 H,-NH 
HO — C^-C 0 H 4 'NH, 

\CjHj-NH 


z 

2 

2 


HCI ^c 6 h 4 =nh-hci 
— ■» c^c c h 4 -nh 2 +h 2 o 
\c,H 4 'NH 2 

In many cases the ordinary formula already 
contained the quinonoid structure. 

The theory was the first real contribution 
to the relation between colour and constitution, 
because it indicated that the formation of the 
quinone structure was one of the influences 
which affected the rhythmic vibration of the 
ICekule individuals of benzene so as to throw the 
absorption from the ultra-violet into the visible 
region of the spectrum. It is immaterial 
whether this process leads to visible colour or not, 
because in certain cases — a fact which has been 
used to disprove the theory — derivatives possess- 
ing undoubted quinone structure are colourless, 
meaning, of course, that in these cases the 
“ shift ” of the absorption from the ultra- 
violet has not been sufficient. Moreover, 
opponents of the “ theory ” have used the 
argument that it cannot be correct because 
there are coloured substances, such as azo- 
benzene, which do not possess a quinone 
structure. This criticism could, with equal 
force, be applied to copper sulphate. Obviously 
the formation of a quinone ring from a substance 
already containing “ potential colour ” may 
lead to the production of visible colour or may 


not. It was never claimed that all coloured 
organic compounds possessed a quinone ring, 
although, as a matter of fact, such a statement 
would not be far removed from the truth. 

The literature contains many other hypotheses, 
which are not theories because the exceptions 
to them are numerous. It is evident that one 
cannot distinguish between substances showing 
absorption in the visible region and those giving 
absorption in the ultra violet and infra red 
region of the electromagnetic spectrum. The 
only truly colourless substance is one showing 
general absorption throughout the 68 or so 
octaves of the electromagnetic spectrum. Dis- 
turbanceleading to absorption may occur in any 
octave although unfortunately our instruments 
are not sufficiently sensitive to map more than 
a small part of the spectrum. This is, however, 
a physical question and will be answered in time 
by the physicists. 

COLUMBITE. A columbate (niobate) of 
iron, usually containing some manganese 
(“ manganocolumbite ”) and tantalum, the 
general formula being (Fe,Mn)(Nb,Ta) 2 O e . 
With an increase in the amount of tantalum, 
there is a transition to the isomorphous species, 
tantalite. The orthorhombic crystals are dark 
brown or black and opaque, and range in sp.gr. 
from 5-3 (columbite) to 7-3 (tantalite). It was 
in this mineral that C. Hatchett discovered, 
in 1802, the element columbium, so named 
because the specimen he examined came from 
America. Columbite is usually found as single 
crystals embedded in pegmatite or granite; 
for example, at Haddam and Middletown in 
Connecticut, Chesterfield in Massachusetts, 
brilliant crystals in granite at Standish in 
Maine, large masses up to 2000 lb. in granite 
veins in the Black Hills of South Dakota, and at 
several other American localities. At Ivigtut 
in Greenland it has been found in the cryolite 
deposit. Large crystals are found in the felspar 
quarries near Moss in Norway. Other localities 
are Rabenstein in Bavaria, Bushman Land in 
South Africa, Madagascar, etc. 

L. J. S. 

COLUMBIUM, NIOBIUM (Sym. Cb, 
Nb). At. wt. 92-91. The name columbium is 
used in current American literature, although 
the element is now known as niobium in Great 
Britain, France, and Germany. The first name 
is due to Hatchett, who in 1802 isolated a new 
“ earth ” (Nb 2 O s ) from a mineral found in 
Connecticut. He called the mineral columbite 
and the element columbium. It was not until 
1844 that Rose (Pogg. Ann. 1844, 63, 307, 
693) observed a wide variation in the density of 
many tantalites and columbites, and of the acids 
derived from them, and realised that they 
contained two closely related elements. It was 
Rose who introduced the name niobium for 
Hatchett’s columbium. In all probability 
Hatchett’s “earth” was a mixture of Nb„O s 
and T a 2 O s . The name niobium and the 
symbol Nb will be used throughout this 
article, in accordance with the nomenclature 
adopted in the First Report of the International 
Union of Chemistry, 1936. 

Niobium is a member of a group of com- 
paratively rare metals, including tantalum, 
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tungsten, molybdenum, titanium, and uranium, by tod Bolton by reducing the pentoxide with 
commonly occurring together in minerals aluminium powder, and heating the product, 
found m the oldest Plutonic rocks, and especially which contained some 3% of aluminium and 
in and around intrusions which traverse peg* some unchanged oxide, in an electric arc in 
matites and other extremely coarse-grained vacuum. This treatment sufficed to vaporise 
granite rocks. Slonazite. and other minerals the impurities out of the niobium. The metal 
containing metals of the cenum group, zircon, is also obtained by reduction of the fluoride 
cryolite, and fluorspar, and minerals containing K 2 Nb F, with hydrogen. The product is a 

lithium, cesium, and rubidium, are often black powder from which residual hydrogen 
associated with these minerals, and are probably may bo expelled by shaping it into small 

intimately connected with their genesis. cylinders and melting m vacuo m an electric 

Although a rare metal, niobium exists as furnace. Maiden and Rich (U.S P. 1728941, 

the pentoxide in a considerable number of 1927) have described the reduction of Nb 2 0. 
minerals, in some of which — such as •pyrochlort by calcium in presence of a small quantity or 
and columbite — it may be regarded as the alkali metal and of calcium chloride. This 
essential constituent, while in others, although operation is carried out in a sealed tube at 
practically always present, its proportion vanes 900-1,000°. 

from a mere trace up to an amount which The electrolytic production of niobium 
justifies its being considered as the principal from a mixture of niobium and tantalum 
oxide. pentoxides was described by Isganschev and 

Niobium occurs in minerals only as the Prede (Z Elektrochem 1933, 39, 283-288). 
pentoxide, NbjO., in combination with a base. The oxide mixture was fused with potassium 
the tuobiam m a few minerals (such as udhkrtte) pyrosulphate and the melt extracted first 
which contain silica being present as a silico- with water and then with 20% potassium 
mobate and never as a silicate of niobium. hydroxide solution Electrolysis of the alkali 

A list of the prmcipal minerals containing extract with the addition of from 1-1 5% of 
niobium will bo given in the article Tantalum, dextrin, with a platinum anode and a copper 
with which metal niobium invariably occurs in cathode, yielded a deposit of pure niobium 
nature From the technical point of view the Alternatively, the melt was extracted with 
principal niobium minerals are those which saturated ammonium oxalate solution, with the 
consist essentially of niobates of iron, manganese addition of a smaller amount of saturated 
and lime, zirconia and metals of the cerium oxalic acid solution, or with citric acid solution, 
group being also usually present in, or at least and electrolysed at a temperature above 80°. 
intimately associated with, such minerals as Niobium was thus deposited quantitatively, and 
contain lime tantalum pentoxido could bo recovered from the 

The mineral richest in niobium is pyrochlore, electrolyte by acidifying with sulnhurio acid, 
a niobato of lime containing titanium, cenum. Electrolysis in acid solutions was found to be 
and thorium, together with other alkaline satisfactory for the electro analysis of niobium- 
earths and alkali bases and some fluonne tantalum mixtures Tho niobium deposits 
The most important mineral, however, is the were resistant to corrosion by mineral acids, 
niobate of iron and manganese known as Peirce (J Amcr. Chem. Soc 1931, 63, 2810) 
columbite or nxobite (q v ), in which the Nb,0 8 found that niobium, but not tantalum, could 
may even exceed 78%. be electro deposited at 103° from a saturated 

New deposits are constantly being discovered, sodium carbonate solution in which the ignited 
and niobium, like many others of the rare pentoxide had been dissolved. A copper 
metals for which a demand now exists, will cathode and a current density of 3 amps per 
doubtless be found to occur in much larger sq dm. were employed. Balke (Ind Eng 
quantities than is now generally known. One Chem. 1935, 27, 1166) states that metallic 
property in Western Australia is at present niobium may be produced by minor variations 
being operated exclusively for the production of the electrolytic method used for tantalum 
of tantalite niobite concentrates. Considerable The fused double fluoride K 2 NbF- is electro- 
amounts are also available as by-products from lysed, using a cast iron pot as cathode and a rod 
the preparation of tho rare earths employed of graphite as anode, and adding niobium pent- 
for incandescent mantles, from tin and wolfram oxide to the molten bath. 

ores, and from tho heavy waste material Tho separation of niobium from tantalum 
obtained in the dressing of cryolite. is a problem chiefly of importance in con- 

Metalltc niobium may be prepared by passing nection with the preparation of tantalum, 
a mixture of the vapour of the pentachloride and will be dealt with fully under Tantalum. 
and hydrogen through a red-hot tube (Roscoe) The general method of extraction consists m 
Moissan reduced the pentoxido by meanB of fusing the ore with an alkali or alkaline salt, 
carbon in an electric furnace, but tho resulting extracting the mixture of niobates and tantalatcs 
niobium contained 2 5-3 4% of carbon. Von with water, and boiling tho solution to cause 
Bolton introduced a method of manufacturing hydrolysis, with production of an insoluble 
niobium for metal filament lamps in which mixture of niobic and tantahe acids. Tbu 
the pentoxido was mixed with paraffin and mixture on ignition gives tho pentoxides Nb a O» 
formed into threads, which were heated in vacuo and Ta.Oj. Tho preparation entails the 
to a temperature of over 1,900° by passage of an removal in turn of tin, antimony, iron, man- 
electric current. The use of niobium in lamp ganese and similar elements, and also of 
manufacture has now been discontinued. titanium. 

Larger quantities of niobium were produced The separation of niobium and tantalum is 
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a matter of considerable difficulty, owing to the 
close similarity of these two elements. One of 
the commonest methods is that developed by 
Marignac in 1866, depending on the different 
solubilities of potassium niobium oxyfluoride, 
K 2 Nb0F 5 ,H 2 0 (1 part in 12-13 parts of water 
at 17°-21°), and potassium tantalum fluoride, 
K 2 TaF 7 (1 part in 150-160 parts of water 
containing a little hydrofluoric acid, at the 
same temperature). These two compounds are 
not isomorphous and do not form mixed crystals 
or solid solutions. In carrying out the separa- 
tion the mixture of niobic and tantalic acids 
is dissolved in concentrated hydrofluoric acid 
and the correct amount of potassium fluoride is 
added. On concentration, the potassium tanta- 
lum fluoride separates first and is filtered off. The 
filtrate is concentrated further with the addition 
of more hydrofluoric acid and potassium 
fluoride, and yields crystals of potassium nio- 
bium oxyfluoride mixed with potassium tantalum 
fluoride. These two salts are then separated 
by recrystallisation. 

Numerous alternative methods of separation 
have been suggested and applied. Thus, for 
example, a solution of potassium hexa-tantalate 
and-niobate is formed by dissolving 1 part of a 
mixture of Ta 2 0 B and Nb 2 O s in 6-8 parts of 
water with the addition of 3-4 parts of potassium 
hydroxide. From the resulting solution pure 
tantalic acid is precipitated at 15-30° by the 
action of carbon dioxide or a bicarbonate 
(U.S.P. 1908473, 1934). Another method 

utilises the solubility of niobium pentoxide, and 
the insolubility of tantalum pentoxide, in a 
mixture of equal volumes of selenium oxy- 
chloride and concentrated sulphuric acid 
(Lehner, J. Amer. Chem. Soc. 1921, 43, 21 ; 
Merrill, ibid. 1921, 43, 2378). Hydrolysis of the 
extract after dilution yields niobic acid. Ruff 
and Thomas (Z. anorg. Chem. 1926, 156, 213) 
found that niobium pentoxide is converted 
to the pentachloride by heating at 200-225° 
with carbon tetrachloride, whereas tantalum 
pentoxide is unaffected. Unfortunately, the 
metals cannot be separated by this means, as 
niobium pentachloride reacts with tantalum 
pentoxide, forming niobium oxychloride and 
tantalum pentachloride, which are not readily 
separated. 

Metallic niobium melts at 1,950° (von Bolton, 
Z. Elektrochem, 1907, 13, 145) A lower value 
(1,700°) is recorded by Guertler and von Pirani, 
(Z. Metallk. 1920, 12, 67 ; Ann. Phys. 1916, [4], 48, 
1034). Its electrical resistance is 0-1870 ohm 
for a wire 1 m. long and of 1 mm. diameter 
(see also Balke, Ind. Eng. Chem. 1929, 21, 1002). 
It is less malleable or ductile than tantalum, 
but the rolled metal has a hardness greater than 
that of wrought iron and may be welded at a 
red heat. Balke (Ind. Eng. Chem. 1929, 21, 
1002) states that in the annealed condition 
niobium is more ductile than tantalum. Many 
of the properties of niobium as known at present 
were determined with a sample of the metal 
prepared by von Bolton (l.c.) by reducing 
the oxide with aluminium. This author gave 
the density as 12-7, but more recent values 
range from 7-4 to 8'56. 

The powdered metal oxidises rapidly when 
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heated in air, some nitride being formed 
together with the oxide, but the rolled or cast 
metal is but little affected, as a protective 
coating of oxide rapidly forms. It is practically 
unaffected by any acid except hydrofluoric 
acid, or by solutions of the alkalis, but is 
rapidly attacked by fused alkalis or alkaline 
nitrates. 

Metallic niobium combines with hydrogen 
at a high temperature, and according to von 
Bolton a hydride, NbH, is formed. Hagen and 
Sieverts (Z. anorg. Chem. 1930, 185, 225) havo 
since shown, however, that the amount of 
hydrogen taken up is a function of temperature 
and pressure, and the formation of a true 
compound is very doubtful. The compounds of 
niobium have not yet been applied com- 
mercially, but the pentoxide and the fluorides, 
especially the double fluoride K 2 NbF 7 , are of 
interest in connection with the preparation of 
the pure compounds or metal from minerals. 
Niobium in amounts up to about 2% inhibits 
intergranular deterioration when chromium- 
nickel steels of the stainless type are exposed 
to elevated temperatures and chemical corrosion. 
Tantalum gives similar results, but a larger 
proportion of it is required (Becket and Franks, 
Trans. A.I.M.E. 1934, 113, 143). Addition of 
niobium to steels containing 4-6% of 'chromium 
and (M-0-2% of carbon is found to inhibit 
the air-hardening property of such steels. 
Niobium has a limited use in valve manu- 
facture. 

Alloys of niobium have hitherto received 
relatively little attention. Iron and niobium 
appear to alloy in all proportions, and ferro- 
niobium may be formed directly by reducing the 
mixed oxides. Aluminium-niobium alloys have 
been produced by the Goldschmidt process, 
and a brittle alloy of chromium and niobium 
is formed by fusing green chromium oxide and 
niobium together in the electric furnace 
(Goldschmidt and Vautin, J.S.C.1. 1898, 17, 543 ; 
Moissan, Bull. Soc. chim. 1902, [iii], 27, 431). 
Alloys of nickel and zirconium with niobium 
and tantalum have been prepared, and it is 
claimed that the alloy containing zirconium can 
be heated to whiteness in air without oxidation 
or vaporisation (Canada P. 209342, 214118, 
1921 ; U.S.P. 1334089, 1920). 

The removal of tin from Fe-Nb-Ta alloys 
obtained in the reduction of niobite is carried 
out by fusion with sufficient silicon to convert 
the niobium and tantalum to the silicide 
(Nb,Ta) 2 Si. The resulting brittle alloy is 
powdered and boiled with hydrochloric acid to 
extract the tin. The purified powder may be 
melted and blown to remove silicon, or may be 
used direcly for the treatment of stainless steels 
(B.P. 450857, 1935). . Ferrosilicon-niobium 

alloys are produced from a mixture of niobite, 
silicon, lime, and silica by fusion in an electric 
furnace (B.P. 434400, 1935). 

Compounds op Niobium. 

Niobium monoxide, NbO, has been described 
by various authors, but its existence is somewhat 
doubtful. It is said to be produced by reducing 
K 2 NbOF 6 with sodium in an iron crucible, or 
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by reducing NbOCI, with magnesium, and 
described as a black material. It burns to the 
pentoxide when heated in air, ignites in chlorine, 
forming NbOCI,, and is soluble in hydrocblorio 
acid with evolution of hydrogen. 

Niobium sesquloxide, Nb t O,, is formed by 
reducing niobium pentoxide with magnesium 
powder, or by heating the pentoxide in a stream 
of hydrogen at 1,250°. 

Niobium dioxide, NbO,, a black powder, 
also formed by heating the pentoxide i 
hydrogen, or with magnesium. It bums when 
heated to redness in the air. 

Niobium pentoxide, Nb,O e , is a white 
infusible powder of ep gr. 4 53-4 8, according to 
the method of preparation. It is formed by 
direct oxidation of niobium, or of its lower 
oxides, and also, in the hydrated condition 
(nlobic acid) by the hydrolysis of pentavaient 
niobium salts The molecular heat of formation 
from the elements is 441,330 g -cals After 
strong >gm*ion niobium pentoxide is insoluble in 
all acids except hydrofluoric acid It dissolves, 
however, in molten potassium hydrogen sul- 
phate, or ammonium hydrogen sulphate, and 
\m fused alkali hydroxides or carbonates, 
Wthough it is insoluble in solutions of alkalis 
/The niobium pentoxide content of a mixture of 
NbjO s and Ta,O s may be determined by 
reducing the Nb.O, to Nb,0 4 by means of 
hydrogen, and determining the increase in 
weight on ignition. Ta,O s is not reduced by 
hydrogen 

Nlobic acid. — This term is applied to the 
moro or less hydrated pentoxide formed by 
the hydrolysis of compounds such as niobium 
pentachlonde or oxychloride. A similar I 
material is formed by the action of mineral 
acids on alkali niobates. The gel is completely 
dehydrated by heating to 300° { ef . Sue, Compt. 
rend. 1932, 194, 1745) Freshly precipitated 
niobic acid gels are soluble in acids and also in 
sodium or potassium hydroxide solution. 

Numerous niobates have been described, only 
those of the alkali metals being soluble in water. 
Sodium metaniobatc, NaNbO,, is obtained in 
the anhydrous form by fusion of niobium 
pentoxide with sodium carbonate and sodium 
fluoride It crystallises with seven molecules 
t/L •rt.Vm -if vtjsAs. .V raiAvOT.. Iwrr&w vr/b Yrvj 
(Z. anorg. Cbem 1931, 196, 321) have obtained 
products such as BaO,NbjO s and 
48a0,Nb,O, by heating banom carbonate 
with niobium pentoxide to 400-500°. Many 
other niobates have been described (sec “ Text 
Book of Inorganic Chemistry,” edited by J. 
Newton Fnend, vol VI, part III, pp. 156-166), 
but their compositions and constitutions are 
in some cases uncertain. 

Pernlobic acid, HNb0 4 ,«H,0, is obtained 
as a yellow amorphous powder on decomposing 
potassium pemiobato with dilute sulphuric 
acid and dialysing the product, or by the 
action of 30% hydrogen peroxide on niobic 
acid. It loses oxygen at 100°, and forms 
hydrogen peroxide on heating with dilute 
sulphuric acid. Femiobates of the alkali 
metals of the general formula M|NbO, are 
formed by treating the corresponding niobate 
with hydrogen peroxide and a solution of the 


base, and adding alcohol. They are white 
powders stable in contact with air, and decom- 
posed by water. 

Niobium pentafluoride, NbF,. forma 
colourless, strongly refractive, tnonochmc prams 
d'» 3 293, m.p. 75 5*. b p. 2l7-220°/760 mm., 
and is obtained by the action of fluorine on 
niobium, or by treating niobium pentachloride 
with anhydrous hydrogen fluoride m a freezing 
mixture, and purifying by redistillation (Ruff 
and Zedner, Ber. 1909, 42, 493 ; Ruff and 
Schiller, Z. anorg. Chera 1911, 72, 329). It is 
hygroscopic and is readily soluble in water, 
the solution yielding niobic acid on addition of 
ammonia or sodium hydroxide. It has a strong 
tendency to form stable double fluorides with 
the fluorides of other metals. 

Niobium oxyfluoride, NbOF,, is obtained 
by the action of hydrogen chloride on a fused 
mixture of niobium pentoxide and calcium 
fluoride at a red heat. It forms double salts 
with other metalhe fluorides [eg. Na.NbOF., 
(NH 4 ),NbOF,, ZnNbOFj,6H jO). 

Niobium trichloride, NbCI,, is a non- 
volatile, non-deliquescent, crystalline substance 
resembling iodine, and is formed by leading 
the vapour of the pentachlonde through a heated 
tube It forms long dichroic needles, which are 
oxidised on exposure to air and which yield 
niobium oxychloride, NbOCI,, and carbon 
monoxide when heated m carbon dioxide 
(Roacoe, Chem. News, 1878, 37, 26). 

Niobium pentachlonde, NbCI,, is formed 

yellow needles by heating niobium pentoxide 
mixed with charcoal in a stream of chlorine. 
It is also formed by heatmg the pentoxide 
with sulphur monochlondo in ft sealed tube at 
200°, and fractionally distilling the product* 
in a current of chlorine. It is produced, together 
with the oxychloride, by heatmg the pentoxide 
with carbon tetrachloride. It has m p, 191°, 
b p. 240 5°, ep gr. 2 73-2 77, and gives a normal 
vapour density. It is soluble m carbon tetra- 
chloride, chloroform and alcohol. On heating 
with 3% sodium amalgam in absence of air 
and extracting with water, chloroniobium 
chloride, (Nb,CI„)CI,,7H„0, is obtained as 
black shining crystals, forming an olive green 
powder, insoluble in cold water, but soluble 
•m VeA, -wiAm Vo m vdalcttru. G 1 ?).; 

two of the chlorine atoms are ionic. When 
treated with the equivalent amount of sodium 
hydroxide, chloroniobium hydroxide, 
(Nb.CljjMOHJj.SHjO, 
formed as a black micro crystalline pre- 
cipitate, and from this the bromide, 
(Nb.Clj^Brj^HjO, 
is obtained. The hydroxide is soluble in excess 
of sodium hydroxide, and from the solation 
excess of concentrated hydrochloric acid pre- 
cipitates a brown powder, Nb 4 Cl 14 .0HjO 
(Hamed, J. Amer. Chem. Soc. 1013, 35, 1078). 

Reduction of a solution of niobium pent*- 
chloride at a platinum cathode gives a blue 
solution, which is of a colloidal character; with 
gold chloride it gives a magnificent purple 
liquid, from which, on boiling, a purple pre- 
cipitate deposits. This precipitate is similar 
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to purple of Cassius ; it colours glass a violet- 
red. According to Kiehl and Hart the blue 
solution contains tervalent niobium (ibid. 1928, 
50, 1608). 

Niobium pentachloride forms an addition 
compound with piperidine, NbCl s ,6C s H 11 N, 
and gives similar compounds with related 
organic bases. It reacts with boiling benzene 
to give the compounds 3NbCI 5 ,C 6 H 6 , 
2NbCI 5 ,C(.H 5 , and NbC! 5 ,C 6 H 6 , and with 
naphthalene to give NbCi 4 (C 10 H 7 ) and 
NbCI 3 (C 10 H 7 ) 2 . With phenol in carbon 
disulphide solution the compound 

Nb(OC 6 H 6 ) 4 CI, 

m.p. 233-235°, is formed (Funk and Nieder- 
lander, Ber. 1928, 61, [B], 249, 1385). Niobium 
pentachloride reacts with glacial acetic acid to 
form the compound Nb 2 0 3 CI (OAc) 3 (Funk and 
Niederlander, Eer. 1929, 62, [B], 1688). 

Niobium oxychloride, NbOCI 3 , is prepared 
by the action of chlorine on a mixture of 
niobium pentoxide and carbon, and forms 
white silky crystals which can be sublimed. 

Niobium oxybromide, NbOBr 3 , and 
pentabromide, NbBr B , also exist, but the 
formation of an iodide appears to be doubtful 
(c/. Barr, J. Amer. Chem. Soc. 1908, 30, 1668). 

Niobium nitride, NbN, is prepared by 
heating the pentoxide mixed with the calculated 
weight of carbon in nitrogen at 1,250°. It is a 
light grey powder, m.p. 2,050°, which is decom- 
posed by alkali hydroxide (Friederich and Sittig, 
Z. anorg. Chem. 1925, 143, 293-320). Tri- 
niobium pentanitride, Nb 3 N 6 , is prepared by 
prolonged heating of powdered niobium in 
nitrogen at 1,000°. 

Niobium carbide, NbC, has been produced 
by heating niobium sesquioxide mixed with 
carbon in hydrogen at 1,200°. The molten 
metal also absorbs graphite to yield carbides of 
unknown composition. They are brittle and 
hard, and will scratch glass or quartz (Moissan, 
Bull. Soc. chim. 1902, [iii], 27, 431). The 
use of a niobium carbide and a binder in a 
metal composition has been described (B.P. 
391933, 1933). 

Niobium boride, NbB 2 , is formed as a hard, 
grey, crystalline material in the electrolysis of 
fused mixtures of alkali and alkaline earth 
borates and fluorides with niobic oxide. Any 
amorphous boron or calcium boride is removed 
from the product with dilute nitric acid. The 
crystals resist nitric and hydrochloric acids and 
aqua regia, but are easily oxidised and are 
slowly attacked by fused alkalis, and by cold 
hydrofluoric or sulphuric acid (Andrieux, 
Compt. rend. 1929, 189, 1279). 

Niobium phosphide, NbP, is formed by 
heating red phosphorus with metallic niobium 
at 650° (Heinerth and Biltz, Z. anorg. Chem. 
1931, 198, 168). It bums readily when heated 
in air. Niobium arsenide NbAs r8 , is prepared 
by prolonged heating of the elements at 600°. 

Niobium sulphide, NbS 2 , has been prepared 
as a black powder by heating the elements 
> together. Metallic niobium is not attacked by 
hydrogen sulphide. A second sulphide, Nb 2 S 6 , 
has been reported as formed by the action of 
H jS and CS 2 on Nb s 0 5 at 1,000° (Honigschmid, 


ibid. 1934, 219, 161). Niobium oxysulphide, 
NbOS 3 , is also formed as a black crystalline 
powder by heating the pentoxide in the vapour 
of carbon disulphide mixed with carbon 
dioxide. 

For methods of analysing niobites and 
tantalites, and of detecting and estimating 
niobium, see Chemical Analysis (Vol. II, 

p. 602). 

The Arc Spectrum of Niobium has been 
studied by Hildebrand (J. Amer. Chem. Soc. 
1908, 30, 1672) ; Barr (ibid. 1668), Mott (Trans. 
Amer. Electrochem. Soc. 1917, 31, 372), and 
Laporte (Z. Fhysik, 1926, 39, 128). The most 
persistent lines (“ raes ultimes ”) are given by 
de Gramont as A4058-97 and A4079-73A 
(Compt. rend. 1920, 171, 1106). 

H. J. E. 

COLZA O I L syn. for Rape oil. 

COM FREY, Symphytum officinale. Tho 
common comfrey (Fam. Boraginacem), a river- 
side plant, has been used since Saxon times as 
an external application for wounds. The 
air-dry root contains 0-6 to 0-8% allantoin 
to which its healing action has been ascribed. 

COMPRAL. A combination of amido- 
pyrine and trichlorethylurethane ( Baeyer Pro- 
ducts, London). B.P.C. 

CONARACHIN v. Arachin. 

CONCHAIRAMIDINE v. Cinchona 
Alkaloids (this vol., p. 160a). 

CONCHAIRAMINE v. Cinchona 
Alkaloids (this vol., p. 1605). 

CONCRETE v. Building Materials. 

CONCUSCONINE v. Cinchona Alka- 
loids (this vol., p. 160c). 

CONDENSERS. In order to convert the 
vapour of a substance into a liquid, it is necessary 
to remove a quantity of heat equal to the heat 
of vaporisation. The apparatus which effects 
this transfer of heat is called a condenser. 

The shapes and forms of condensers are many 
and varied, but there are two distinct types 
under which almost all patterns can be classified. 
The two types are : 

1. Surface condensers, in which the cooling 
medium is kept separate from the vapour 
to be condensed, and 

2. Jet condensers, in which the cooling 
medium is supplied directly to the vapour 
either in the form of a spray or as a thin 
film. 

It is apparent that the history and- develop- 
ment of condensers are parallel to those of 
distillation methods. It was not until the 
practice of distillation was improved by the 
alchemists that methods of condensation 
received attention. The origins of alchemy can 
be traced back in the researches of Hoefer, 
“ Histoire de la Chimie,” 2nd ed., Paris, 
1866 ; Kopp, “ Geschichte der Chemie,” 
Braunschweig, 1847; and Berthelot, “Les 
Origines de l’Alchimie,” Paris, 1885 ; “ Intro- 
duction h l’Etude de la Chimie des Anciens et 
du Moyen Age,” Paris, 1887 ; “ Collection des 
Anciens Alchimistes Grecs,” Paris, 1887 ; 
and “ Histoire des Sciences — La Chimie au 
Moyen Age,” Paris, 1893. One of the earliest 
applications of condensation was in the pre- 
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paration of mercury. The preparation of thia 
element is described by DioBcondes. Cinnabar 
was heated in an iron pot and the vapours 
condensed in an earthenware cover, which was 
denoted by the Greek word “ ambix.” The 
Arabic prefix '* al ” was added, making the 
work “ alambic,” or, as it is known to day, 
“ alembic.” 

Phny describes a primitive method which was 
used for obtaining turpentine from rosin. 



fleeces of wool were hnng over kettles, the 
vaporised oil condensing on the fibres of the 
wool. Sponges were UBed by sailors to obtain 
fresh water at sea. Alexander of Aphrodisiaa 
(third century), in his commentaries on Aris- 
totle’s “ Meteorologica,” states that, “ They 
boil the sea water and suspend large sponges 
from the mouth of a brazen vessel to imbibe 
what is evaporated and, in drswing this off 
from the sponges, they find it to be sweet water.” 



The earliest sketches of apparatus date from 
the time of the Greek alchemists of Alexandria. 
Zosimus, about the end of the third century, 
compiled a kind of chemical encyclopaedia : 
incorporating the work of previous writers. 
One of them, was a woman alchemist by the 
name of Cleopatra who lived about the beginning 
of the Christian era. Cleopatra had written a 
treatise on gold-making which was called the 
“ Chrysopcea." The " Chrysopcea ” contains an 


illustration of an alembic to which two receivers 
are attached (Fig. 1). 

It is probable that air cooling alone was 



used for the straight tube and alembic condensers 
up to the discovery of alcohol in Italy sometime 
during the eleventh century. The use of water 



for cooling purposes was first mentioned by 
Raymond Lully (1235-1316) in bis oxtensivo 
writings on the curative and elixir properties 
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of alcohol. Anthentic drawings of apparatus 
of that period have not been found. 

During the sixteenth century changes in the 
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simple alembic condenser design were made to 
achieve better cooling. The first step was to 
lengthen the delivery tube which was then 
cooled by passing it through a tub of water. 
Fig. 2 is from “ Thesaurus Euonymi Philiatri.” 
The next improvement was to pass the tube 
diagonally through the water barrel to increase 
the cooling area, as in Fig. 3. The earliest 
illustration of a coil or worm condenser is 
shown in a work by Biringuccio (1540), Fig. 4. 
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A similar design is shown in Fig. 5 which is 
taken from Lonicer (1551). 

The first attempt at continuous cooling was 
tried some time in tho middle of the eleventh 
century. Fig. 6 is taken from the French 
edition of Matthiolus’s commentaries on Dios- 
corides (1501-1557). 

During the eighteenth century there was no 
substantial advance made in condenser design. 
The worm cooler and the water-cooled alembic 


were in general use and were adequate for the 
uses to which they were put. The counter- 
current principle became better known and 
more widely used during the later part of the 
nineteenth century. Ettling (‘ ‘ Handworterbuch 
der Reinen und Angewandten Chemie,” 1842, 
Bd. 2, p. 531) assumed that Liebig deserved 
credit for the invention of the counter-current 
condenser, and to this day the simple straight- 
tube condenser is called a Liebig condenser 



(Fig. 9A). Kahlbaum (Ber. 1896, 29, 69) 
claimed that Weiler was the first to see the 
advantage of admitting the cooling water at 
the end of the condenser furthest from the 
hot vapours. However, Speter (Chem.-Ztg. 
1908, 32, 3 ; Chem. Weekblad, 1931, 28, 381- 
382) showed that the principle was first pro- 
posed by an unknown French chemist and later 
developed independently by Weiler and Gadolin. 
The condenser designed by Gadolin is shown in 
Fig. 7 (1778). Further investigation by Speter 
(Chem.-Ztg. 1908, 32, 654) proved Lavoisier to 
be the author of the anonymous publication 
cited. Schelenz (Z. angew. Chem. 1910, 23, 
1978 ; Chem.-Ztg. 1909, 33, 141, 154) believes 
this discovery was made by the French chemist 
Dariot (1533-1594), but was never appreciated 
until a later date. Poissonier (1770) also had 
realised the necessity of providing a large 
cooling surface and a counter- current flow of 
cooling water (Fig. 8). 

The Burface condensers designed since this 
period do not differ fundamentally in principle 
from the ones just described, although the 
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differences in detail are vitally important. 
The straight condensing tube has been replaced 
by spirals, bulbs, senes of bulbs (Fig. 9D), com- 
binations of these and divers methods of con- 
tacting the vapour and the cooling surface 
over a large area in a minimum of space. A 
special type of Apparatus known as “ reflux ” 
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condensers was designed to return condensed 
vapour back to a vessel containing boiling 
liquid without any sensible loss of vapour 
through evaporation Reflux condensers are 
extensively used m extraction processes and in 
organic reactions where the loss of volatile 
solvent is to be prevented The historical 
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developments of the return condenser have been 
outlined by H. Meyer (Chem -Ztg. 1010, 34, 
351, 421), L. C slates (ibid. 609), and Schelenz 
(Z, angew. Chem. 1910, 23, 1975-1980). 

The simplest type of laboratory condenser 
that is widely used is the Liebig form shown in 
Fig. 9A. It consists of a straight cylindrical 
glass tube in which the vapour is condensed. 
The upper end is widened out slightly to facilitate 
connection with the still, and its low er end is cut 
off obliquely; a cylindrical glass jacket coiers 
the greater portion of the length of the tube 
and, through it, by appropriate entrance and 
exit tubes, cold water is circulated in an upward 
direction. The glass jacket and inner tubo may 
be fused together (9A), or connected by rubber 
(9B and C). For liquids of moderately high 


boiling point (100'C. to 20G'C.), it usually 
suffices to employ the inner tube merely as an 
air condenser. A form of condenser for use with 
high boihng-pomt liquids has been described by 
McCrea (J. Chem. Educ. 1930, 7, 2963-2965). 

With a view to exposing a large cooling 
surface, the portion of the condenser within the 
cooling jacket is some- 
times made of approxi- 
mately rectangular sec- 
tion. A condenser 
with expanded sections 
along the inner tube 
was described by IV. 
Friese (Pharm. Zewtr. 
1913, 54, 070). The 
apparatus consisted of 
an ordinary Liebig 
jacket inside which 
was a series of cir- 
cular chambers with 
conical tops and bot- 
toms, giving a large 
cooling Biirface. A 
condenser for accom- 
plishing the same result 
is shown in Fig. 9D. 
The Soxhlet single bulb 
condenser which is 
commonly used as 
reflux condenser is shown m Fig. 10B. An all 
glass spiral pattern is shown m Fig. 11. 

A slightly modified form of Liebig condenser 
is described by West (Ind. Eng. Chem. 1928, 
20. 737) The spaeo between the inner and 
outer tubes is reduced to 1-1-5 mm. and the 
tubes arc scaled together at the ends. ' The water 
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consequently passes much more rapidly through 
the outer jacket and the cooling is found to be 
more effective (Fig. 12). The apparatus was 
the inner tube (West, Ind. Eng. Chem. [Anal], 
1930,2, 199). 

The first double surface condenser was an 
air-wa ter- cooled one. It was suggested by 
Hopkins (J.S.C.I. 1B97, 16, 979) that ff the 
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relative positions of the vapour and cooling 
stream of water are reversed, a larger area 
will be exposed. In Fig. 13a the water 
flows in the direction of the arrows. The 
outer jacket serves as an air-cooler, while the 
inner tube is water-cooled. Two forms of 
large-capacity laboratory condensers are 
described by Othmer (Ind. Eng. 
r\ Chem. [Anal.], 1929, 1, 153) in 
~ one of which^the cooling is internal 
by means of a double-coiled tube, 
with water flowing through both 
tubes in parallel, thereby giving 
a maximum amount of cooling 
surface in minimum space (Fig. 
13b). In the second type the 
cooling is external and there is a 
double-coiled inner tube for the 
vapour (Fig. 13c). Bajda (Ind. 
Eng. Chem. 1919, 11, 52; the 
same in U.S.P. 1317262, 1919) 
passes the vapour through a pre- 
liminary air-cooler before passing 
it through the water chamber. 

A number of condensers of the 
Fig. 13a. “ double- surface ” type have been 

described. The vapours are con- 
densed in the annular space between two 
surfaces, both of which are water-cooled, the 
design being such that one stream of water 
flows in succession over each. These con- 
densers can be made quite short; thoy are 
readily fixed in a vertical position and occupy 
little bench space. A modified Soxhlet’s ball 




Fig. 13b. 



type is shown in Fig. 10A. ' Several vertical 
condensers have been described by Friedrichs 
in which one of the two surfaces between which 
the vapours condense is constructed spirally 
(Z. angew. Chem. 1910, 23, 2425-2426; 1912, 
25, 2200-2209). In certain extraction opera- 
tions it is desirable to remove the solvent 


from the solvent-extract mixture without 
changing the apparatus. Bloom (Ind. Eng. 
Chem. 1910, 2, 103) made such an apparatus 
(Fig. 14). And more recently Zinzadze (Chem. 
Fabr. 1930, 113) has designed a double- 
chambered condenser for extraction or distilla- 
tion. The top division is cooled by a coiled 
water tube and the liquid collects in the bottom 
of this division and may be withdrawn by a side 
tube, provided with a three-way tap, or returned 
to the lower division. Various modifications 
are described in the article (see also Zinzadze, 
Biochem. Z. 1930, 220, 177-184, 185-191; 
Bull. Soc. chim. 1931, [iv], 49, 1204-1205). 

The first comparison of the relative efficiencies 
of laboratory condensers was made by Dover 
and Harden (Ind. Eng. Chem. 1916, 8, 834- 
836). The authors reported their conclusions as 
follows : “ The rate of boiling has a very 

marked influence upon the efficiency of the 
condenser. The bore of the condenser has 
influence upon the effi- 
ciency of the condenser 
as has also a narrowing 
at the tip or a con- 
striction anywhere in 
the tube. (Noticed in 
the spiral typo where 
the spiral is fused on to 
the inner tube.) These 
conditions tend to cause 
chocking, and when this 
occurs loss is always 
disproportionately great. 

The length of the con- 
denser is a factor in its 
efficiency (especially in 
the case of the Liebig 
form) for low boiling- 
point liquids. In the 
case of other forms, the 
length of the jacket has 
less influence than seems 
to be commonly sup- 
posed. In experiments 
where a long condenser 
can conveniently be 
used, the Liebig seems 
to be preferred because 
it is a much less costly 
condenser and can be easily cleaned. Where a 
short condenser is required, the Friedrichs 
seems best. The short Liebig or Allihn can be 
used to advantage only when the rate of con- 
densation is not greater than from 2 to 3 drops 
per second, or when some means is used, such 
as a glass wool plug in the top of the condenser 
or a test-tube inverted over the top of the 
condenser, to prevent too rapid carrying away 
of the vapour by air currents.” 

F. Friedrichs (Z. Angew. Chem. 1920, 33, 
29-32) presented a critical discussion of the 
various forms of laboratory condensers which 
had been described in the literature from the 
time of Liebig onwards. The screw-shaped 
condensing tube with five “ threads ” and 
provided with internal cooling jacket was most 
efficient. This form is more suitable for use as a 
reflux apparatus than is the spiral form. Mach 
and Herrmann (Chem. Fabr. 1931, 4, 157, 170) 
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tested condensers by using them as reflux 
apparatus; the loss of ether vapour under 
similar conditions was measured for each 
type. Results are tabulated for experiments 
with nine types of coolers. The best three 
coolers in the order of efficiency were : Liebig 
with four internal tubes, those with bulbs 
blown in the internal tube, and those with small 
jacket diameter. Counter- current cooling did 
not increase the efficiency. J. Friedrichs and 
H. von Kruska (Chem. Fabr. 1934, 7, 284-287) 
made testa on ten types of apparatus. The 
results are tabulated and discussed. The West 
apparatus (Ind. Eng. Chem. [Anal ], 1930, 2, 
199) gave best results. E. J. Williams (School 
Sci Rev. 1934, 16, 271) recommends double- 
surface condensers for student and general 
laboratory use 

For condensing vapours in high vacuum 
work a highly specialised type of *’ trap ” 
condenser is used. The vapour trap generally 
consists of a U tube immersed in a refrigerant 
contained in a Dewar vessel (Fig. 15A) A 



useful design, believed to have been origi- 
nated by S. Dushman, is shown in Fig. 15B, 
in which the vessel is unsilvered (see Hickman, 
J. Franklin Inst. 1932, 213, 119-164. The 
refrigerant (usually solid CO, or liquid air) 
is placed m a, where it is insulated from the 
surroundings by the operating vacuum. The 
vacuum Ime connects at b and c. This type of 
trap presents a large condensing surfaco and 
imposes little resistance to gas flow. 

The condensers so far described are usually 
constructed of glass, but occasionally metals 
are empibywf. TVnr use of ai'ami'nium ior rile 
inner tubo of a Liebig condenser has been 
advocated by Norton (J. Amer. Chem. Soc. 
1897, 19, 153). A tube of block tin connected 
to a bulb of spun copper was used by Wiley 
(Ind. Eng. Chem. 1913, 5, 151). Many agri- 
cultural chemists, who have to deal with 
numerous ammonia distillations, prefer a block- 
tin condenser. A convenient method of con- 
structing a number of such condensers in series 
to be cooled by one stream of water is described 
by Barnard and Bishop (J. Amer. Chem. Soc. 
1906, 28, 999). 

A useful metallic condenser is the ball type, 
shown in Fig. 10B, used on the reflux principle 
in numerous experiments involving extractions 
with volatile solvents. Etorch’s metallic reflux 
condenser is depicted and described in J-S CJ. 
1897, 16, 979. 

The spiral (worm) type of condenser is fre- 
quently constructed of metal (copper) and 


enclosed in a metal tank which can be filled with 
cold water ; these condensers find considerable 
use in small plant for preparing distilled water. 
For this later purpose, a novel form of condenser 
is described in B.P. 6916/1905, which combines 
efficiency with extreme simplicity of con- 
struction. Special apparatus, devised fox pre- 
paring pure distilled water (so called con- 
ductivity water) on a laboratory scale are 
described by Bousfield (J.C.S. 1905, 87, 740), 
Golding (J S.C.1. 1906, 25, 678), and by Hartley, 
Campbell, and Poole (J.C.S. 1908, 93, 428) 
The use of silica tubes for such condensers u 
now more common. 

A condenser system made of glass and metal 
suitable for small analytical fractionating columns 
has been designed by Means and Newman (Ind. 
Eng. Chem [Anal.], 

1936, 8, 231). It 
greatly resembles the 
top of a Prodbielniak 
column (ibid. 1931, 3, 

177). An evacuated 
glass jacket, silvered 
for efficient heat 
insulation, surrounds 
the burette and con- 
denser. The condenser 
itself is a metal cylin- 
der fitting into the 
top of the glass jacket 
and is insulated from 
the glass by means of 
an asbestos cord. The 
cooling medium is run 
down into the con- 
denser through tube 
A (Fig. 16), and 
escapee at D. Com- 
pressed carbon di- 
oxide or liquid air can 
bo used, according to 
the temperature de- 
sired. The inner or 
condensing tube is of 
metal and contains a 
spiral strip extending 
down to the burette 
and dividing the tube 
into two compart- 
ments. Thus the 
vapours coming in at 
B pass down one side of the tube, condense, and 
fall into the burette. Displaced air passes up tbs 
other side of the dividing strip and emerges at C, 
losing condensable vapours m transit. The 
metal condenser tube is connected to the glass 
burette by soldering to the platinised glass. 
This provides an air tight seal between ths 
metal and glass. The condenser is adapted to 
distillations under reduced pressure, the vacuum 
connection being made at C and liquid extracted 
at E by any of the conventional methods for 
extraction of liquids during vacuum distilla- 
tions. Littleton and Bales (Trans. Amer. lost 
Chem. Eng. 1926, 17, 95-106) have discussed 
the relative merits of Pyrex glass and metal 
condensers. The overall coefficient of heat 
transfer from cooling water to vapour is not of 
the same order of difference as would be expected 
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from the great difference in heat conductivity. 
The authors point out that an important 
factor in heat transfer is the film on either 
side of the cooling tube, the film itself acting 
as an insulator. This film is present on both 
Pyrex and metal condensers. (The effect of 
films is discussed below.) 

In the design of large-scale industrial surface 
condensers stress is placed on efficiency. They 
are fundamentally heat exchangers designed 
for a special purpose. To secure a high co- 
efficient of heat transfer from the condensing 
vapour to the cooling medium, Walker, Lewis, 
and McAdams (“ Principles of Chemical 


vacuum distillations it is not necessary to pump 
the water out of the system or remove it by 
means of a barometric draw-off. 

A parallel jet condenser is shown in Fig. 18 
and a fall-pipe jet-condenser in Fig. 19. Jet 
condensers have a large capacity per unit floor 
space, they are of simple construction, of low 
cost, and corrosive vapours may be condensed 
without destruction to the chambers. However, 
a large volume of cooling water is needed, and 
in vacuum operations the water must bo 
removed from the system either by pumps 
or through a barometric column. Gases dis- 
solved in the water aTe also liberated directly 



Engineering,” 2nd ed., p. 398, McGraw-Hill, 
New York) state that the requirements are : 
“ . . . rapid circulation of the cooling medium 
to reduce the effective thickness of the 'water 
film through which heat must flow by con- 
duction, immediate removal of the condensed 
liquid, and as complete removal as possible of 
non-condensable gases to prevent the formation 
of an insulating film of relatively stationary 
gas.” Distillations done in vacuum help to 
meet the last requirement. A typical industrial 
surface condenser is shown in Fig. 17. 

A surface condenser has the following advan- 
tages: the. condensate is obtained uncon- 
taminated with the cooling water, and in 


described in the following: Hausbrand, “Eva- 
porating, Condensing, and Cooling Apparatus ’ ’ 
(trans. by Wright and rev. by Heastie), Benn, 
London; Sauvage, “Production et Condensa- 
tion de la Vapeur,” BaillRre et Fils, Paris ; 
Mironneau, “ Technologie du Froid. T. I. 
Compresseurs et Condenseurs,” Eyrolles, Paris; 
Low, “ Condensers,” McGraw-Hill, New York. 

Other industrial condensers are described 
by the following: I.G. Farbenind. A.-G., 
“ Apparatus for Condensing Vapours by Streams 
of Liquid Passed in the Same Direction,” 
B.P. 301430, 1927 ; Kalindustrie A.-G., “ Sur- 
face Condensers with Rotating Internal Cooling 
Drum,” B.P. 306106, 1928 ; Leach, “ Apparatus 
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for Oil Refining and Condensing,” U.S.P. 
re issues 19377-19378, 1935 ; Leach, “ Heat 
Exchange Apparatus Suitable for Condensing 
Oil Vapors.” U.S.P. 1980626 and 1980627/ 
1935; Gesellschaft fur Linde’s Eismaschinen 
A.-G , “ Plant for Condensing Vapours from 
Gas Mixtures,” G.P. 604773, 1934 ; Cattanach, 
“ Heat Exchange Apparatus Suitable for 
Condensing Oil Vapors,” U.SP. 1987051, 
1935; Cameron, “ Condensing Hydrocarbon 
Vapors such as those of Gasoline,” U.S P. 
1992352, 1935 ; McDermet (to Elliot Company), 
“ Spray Device Suitable for Use with Con- 
densers, Evaporators, 
etc,” US.P. 2012454, 
1935; Byer, “Counter 
current Vapor Con 
denser," U S P. 2013029, 
1935, 

Some of the metals, 
such as zinc, lead, and 
cadmium, which arc 
sufficiently volatile, are 
purified by evaporation 
and condensation 
Several of the special 
types of apparatus for 
condensing metal 
vapours have been de- 
signed by Fried. Krupp 
Grusonwerk A G., 
‘‘Rotary Condenser for 
Metal Vapours,” F.P 
774132, 1935, Handwork 
and Mahler (Assrs to The 
New Jersey Zinc Com 
pany), “ Apparatus and 
Method for Condensing,” 
BP, 421020, 1934; 

Fried. Krupp Gruson- 
werk A.-G., “Apparatus 
for the Fractional Con- 
densation of Metal 
Vapours,” BP. 427233, 
1935; GP. 608800,1935. 

Many articles and 
many patents have been 
issued on the prevention 
of corrosion in metal 
condensers. Special 
alloys have been de- 
veloped for use in making 
condenser tubes and 
jackets. The corrosion 
from the cooling water must be combatted 
as well as corrosion from the vapours The 
preventive methods and the alloys have been 
discussed by: White, “Corrosion Tests on 
Condenser Tubes,” Trans. Amcr. Soc. Mech. 
Eng. (Fuels and Steam Power), 1931, 53, No. 14, 
247-251 ; Worthington, “ Copper-Nickel Tubes . 
Their Advantage for Steam Condensers,” 
Metal Progr. 1933, 24, 20-24 ; Meurk, “ Pro- 
tecting Surface Condenser Tubes from Corro- 
sion,” U-S-P. 1978160, 1935; Korany and 
Bliss, “ Prevention of Corrosion in Gas Con- 
densers,” Gas Age Record, 1935, 75, 33-34; 
Siegel, “ The Corrosion Resistance of Condenser 
Tubes as a Function of their Brinell Hardness,” 
Warme, 1935, 58, 173-177; Stager, “Topo- 
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chemical Viewpoints ” (corrosion testa on brass 
condenser tubes are described), Korrosion a 
Metallschutz, 1935, 11, 73-88; GuiHet, “Con- 
denser Tubes " (the advantages of copper and 
brass for condenser tubes, especially where sea- 
water is used, are discussed), Cuivre et Laiton 
1935, 8, 283-284; Whitney, “Alloys that 
Resist Severe Corrosive Conditions," Chem 
Met. Eng. 1935, 42, 370-371. 

The foundation for the treatment as an exact 
science of condensers and condensation pro- 
cesses was laid by Moliier (Z. Ver. deut. Ing 
1897, Nos. 6 and 7). The first complete treatise 
was written by Hausbrand (1899), quoted 
above. Many articles and papers have followed 
since then. H. Braidy (Ind. Chun. 1919, 
6, 201-205, 234-237) presented a mathematical 
discussion of the theory of condensers and of 
cooling devices m general. Brewer and Stivers 
(Mech, Eng. 1921, 43, 672-673) discussed the 
relative efficiencies of various types of cooling 
apparatus used as industrial units. Some 
features in condensing plant operation arc given 
by Hardy (Proc. Umv. Durham. Phil. Soc. 
1921, 6, II, 66-83). The theory of fractional 
condensation was treated by Leslie (Oil News, 
1924, 12, No. 3, 15-16) Lewis (Amer. Gas J. 
1928, 128, No. 3, 42-44) has considered the 
cooling of non-condensiblo gases containing 
vapours which condenso during the cooling 
process. Lewis discussed this case theoretically 
anil showed that the heat of condensation is not 
transmitted through the gas film on tbe pipes 
and should not bo considered in calculating tbe 
coefficients. The vapour passes through the 
film by diffusion and is condensed on the cold 
pipe surface (see alto E. F. M. van der Held, 
Physica, 1934, 1, 1153-1160, “The Effect of 
Air on the Condensation of Water Vapour ’’) 
Monrad and Badger (Ind. Eng. Chem. 1930, 22, 
1103-1112) brought to bght several important 
papers on heat transfer, especially that of 
Nusselt (Z. Ver. deut. Ing. 1916, 60, 641) 
When Nusselt's equations for heat transfer In 
the condensation of saturated vapour on the 
outside of horizontal tubes wero applied to 
tbe work of McAdams and Frost (Ind. Eng. 
Chem 1922, 14, 13-18), Morris and Whit- 
man (t bid 1928, 20, 234-240), Clement and 
Garland (Umv. 111. Eng. Expt. Sta Bull No. 
40, 1909), and Othmer (Ind. Eng. Chem. 1929, 
21, 576-583), the experimental results agreed 
fairly well with the calculated figures When 
applied to data on vertical tubes (Badger, 
Monrad and Diamond, Amer. Inst. Chem. Eng. 
(Detroit meeting), 1930, 23 pp, preprint), tbe 
experimental results wero several times higher 
than the theoretical. The authors attempted to 
explain this by calculating the point on a 
vertical tube where turbulence begins in the 
film of condensate. Nusselt assumed this 
film to be in viscous flow only. It was shown 
that turbulence begins a relatively short distance 
down the tube, and this may account for tbe 
high results as compared with Nusselt’s formula. 
A mathematical analysis similar to Nusselt'*, hut 
assuming turbulence m the film, was not made. 
The vanations m the degree of turbulence ei- 
plain the great difficulty in making determma* 
tionsofhcat-transfercoefficientson vertical tube* 
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A general review of heat-transfer processes 
which could be applied or are in actual operation 
has been given by Othmer (Ind. Eng. Chem. 
1930, 22, 98S-993). The article notes such 
important developments as mercury and 
diphenyl heating, forced circulation evaporators, 
and high-pressure equipment (see also Badger, 
Monrad and Diamond, l.c.). 

The effect of ribbed surfaces on the heat- 
transfer rates in condenser sections has been 
discussed by Olson and Wentworth (Oil and Gas 
J. 1923, 31, Nos. 6, 14, and 16) and by Du 
Pont (Natl. Petroleum News, 1923, 24, Nos. 46, 
74-75, and 77-78). 

Other papers on heat-transfer in condensers 
have been written by : Colburn and Hougen 
(Ind. Eng. Chem. 1934, 26, 1178-1182; Chem. 
Age, 1935, 32, 579-580) ; Heastie (Food, 1934, 4, 
110-112; 1935,5,163-165); Frenc (Refiner and 
Natural Gasoline Mfr. 1934, 13, 390) ; Pavlov 
and Kravetz (Khim. Mashinostroenie, 1935, 
No. 4, 19-21); Du Pont (Natl. Petroleum 
News, 1935, 27, No. 23, 110-111); Oldham 
(Ice and Cold Storage, 1934, 37, 27-28). 

In the realms of physical science, the word 
condensation has assumed a broader meaning, 
which includes the condensation on charged 
particles in the Wilson cloud chamber, the 
formation of fog, the vesicular state, and the 
adsorption on various types of surfaces, par- 
ticularly capillary adsorption phenomena. 
These special processes are discussed under 
headings of adsorption and theories of adsorp- 
tion (v. Adsorption). 

Appendix. — Other forms of the Liebig con- 
denser have been described : Ber. 1892, 
24, 3950; ibid. 1895, 28, 2388; J.S.C.I. 
1899, 18, 707; Chem.-Ztg. 1902, 26, 325; 
ibid. 1902, 26, 633 ; ibid. 1904, 28, 686 ; Bud. 
Soc. chim. 1904, [iif|, 31, 1116 ; Chem.-Ztg. 1904, 
28, 598 ; ibid. 1905, 29, 809 ; B.P. 6916, 1905 ; 
Chem. Zentr. 1906, ii, 993 ; Editorial, L’industria 
chim. 1908, 8, 184; Vigreux, Bull. Soc. chim. 
1908, [iv], 3-4, 855, 858 ; Chem.-Ztg. 1910, 34, 
116; Glaser, Aus. P. 1,943-11, 1911; Frankel, 
Biochem. Z. 1916, 74, 165-166 ; Howden, 
Chem. News, 1918, 117, 368; Gooderham, 
J.C.S. 1924, 125, 2197 ; Beuschlein, 

Ind. Eng. Chem. [Anal.], 1929, 1, 43^44 ; 
Naumann, Biochem. Z. 1930, 217, 409-420 ; 
Crandall, J. Lab. Clin. Med. 1930, 16, 89-91 ; 
Vaughn, J. Chem. Educ. 1931, 8, 2433-2434; 
Hanak, J. Prakt. Chem. 1933, 136, 202'-204; 
Wagenscller, U.S.P. 1994934, 1935. 

Other reflux condensers are described by: 
Chem.-Ztg. 1890, 20, 462; Hahn, ibid. 1900, 
24, 619; Bull. Soc. chim. 1901, [in], 25, 476; 
Z. anal. Chem. 1901, 40, 709; Chem.-Ztg. 
1904, 28, 598; Chem. Zentr. 1906, ii, 993; 
Chem. News, 1907, 95, 52 ; Bull. Soc. chim. 1908, 
[iv], 3, 855 ; Stoltzenberg, Z. angew. Chem. 1908, 
21, 2084; Merkel, ibid. 976; J.S.C.I. 1908, 27, 
962; Stolzenbcrg, Z. angew. Chem. 1909, 22, 
351; Vollrath, Chem.-Ztg. 1910, 34, 1068; 
Anon., ibid. 716; Thomer, ibid. 1911, 35, 597; 
Hcide, ibid. 531 ; Fishbum, J. Amer. Chem. 
Soc. 1917, 39, 1074; Vigreux, Bull. Soc. chim. 
1917, [iii], 21, 46-48; Vigreux, Ann. chim. anal, 
chim. appl. 1919, 1, 211 ; Faust, Z. angew. 
Chem. 1919, 32, I, 183-184; Shohl and Koch, 
Von. Ill— 21 
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Ind. Eng. Chem. 1921, 13, 819-820; Mach and 
Ledefle, Chem.-Ztg. 1921, 45, 779. 

Other double surface condensers are described 
by: J.S.C.I. 1905, 24, 1190; Chem. Zentr. 
1908, ii, 277; Kob, Chem.-Ztg. 1910, 34, 116; 
Davies, ibid. 1911, 35, 531. 

J. C. H. 

CONDURANGO. The dried bark of Mars- 
denia Oundumngo Nichols (Qonolobus Cun- 
durango Triana ; Fam. Asclepiadacere). It 
is obtained from a half-climbing or prostrate 
shrub of Ecuador. 

Kubler (Arch. Pliarm. 1908, 246, 620) states 
that the principal constituents of the bark are 
dextrose, the glucoside condurangin, and a 
polyhydric alcohol conduritol. Condurangin, 
C 40 H 60 Oi 6 , contains two methoxyl groups, is 
soluble in water, alcohol, and chloroform, in- 
soluble in ether. Dilute sulphuric acid hydrolyses 
it to glucose and an amorphous powder, con- 
taining several substances ; alcoholic potash 
yields some cinnamic acid. Conduritol, C 6 H 10 O 4 , 
crystallises from hot alcohol in colourless prisms, 
m.p. 142-143°, and yields a tetrabenzoyl deriva- 
tive. According to Carrara (Gazzetta, 1891, 21, 
i, 204 ; 22, i, 236), commercial condurangin can 
be separated into two parts, one insoluble and 
the other soluble in water. The former is a 
white powder, C 20 H 32 O 6 , m.p. 60-61° ; and 
the latter a yellow substance, C JS H 28 0 7 , m.p. 
134°. Hager (Halid book, 1900) has further 
investigated these substances and named them 
a- and b-condurangin ; a-condurangin gives a 
green colour with Frohde’s reagent (cone. 
sulphuric acid and molybdic acid), 6-condurangin 
does not. Carrara (l.c.) also isolated a yellow 
powder, C a0 H 50 O 2 , which he named conduran- 
sterin, m.p. 52°. 

CONDY’S FLUID. A solution of sodium 
permanganate, NaMnO,, and sodium mangan- 
ate, NajMnOj. 

CONESSIDINE, CONESSIMINE v. 

CONESSINE AND MINOR ALKALOIDS FROM 
HOLARRHENA SPP. 

CONESSINE AND MINOR ALKA- 
LOIDS FROM HOLARRHENA SPP. 

Holarrhena antidysentcrica Wall (Fam. Apo- 
cynaceae) or Kurchi-bark is well known in 
India as a remedy for dysentery as substitute 
for the more expensive ipecacuanha root. 
The plant contains about a dozen alkaloids 
which were partly isolated also from other 
Holarrhena spp., viz. H. africana D.C., 11. 
congolensis S. Also Wrighlia zeylanica contains 
similar alkaloids ; it was from this plant that 
Haines first isolated conessine, also called 
•wrighline in earlier papers (Trans. Med. Soc. 
Bombay, 1858). 

A survey of early literature is given in a paper 
by Kanga, Ayyar and Simonsen (J.C.S. 1926, 
2123). Early investigators mostly isolated 
conessine, which is the chief constituent of the 
Kurchi-bark ; to the recent work of Ghosh, 
Haworth, Bertho and Siddiqui we owe the 
knowledge of the minor Kurchi alkaloids. 

According to Siddiqui and Pillay (J. Indian 
Chem. Soc. 1932, 9, 553) the alkaloids in the 
bark are present as tannates and therefore 
difficult to extract with acidified EtOH or 
HjO. On the same bark all hitherto known 
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methods were tried and yields varying from 0 5 
to 1*7% crude total alkaloids were obtained. 

Extraction (Siddiqui et al, l e .). — Dry 
powdered bark is percolated with a mixture of 
80 parts of Ef,0 and 10 parts EtOH, shaken 
with 10part3of NH,OH. The total alkaloids are 
precipitated by passing gaseous HCI through 
the percolate. The precipitate is dissolved in 
HjO and sodium sulphate is added when a first 
fraction of “ insoluble sulphates ” is obtained 
(0 17% calculated for free base). The mother- 
liquor from tho insoluble sulphates is made 
alkaline and exhausted with ether, when 2 1% 
tl ether-soluble bases ” are obtained A fraction 
of this ether residue is soluble in light petroleum 
and is subsequently precipitated from the moist 
petroleum with CO,, while a fraction remains in 
the solvent. Tho bases insoluble in light 
petroleum are fractionated from CH s -C0 2 Et 
with CO,. Finally thtec mam fractions are 

obtained - 

(а) Sulphates insoluble m H,0. 

(б) Carbonates insolublo in light petroleum. 

(c) Bases soluble in light petroleum. 

Fraction {c) (tertiary bases) gives 0 4-0 5% 

conessine; last traces of other alkaloids are 
removed by the “ light petroleum carbonate 
method.” Conessine may bo purified by re- 
crystallisation of its hydrogen oxalate (Pyman, 
J.C.S. 1919, 163 ; Kanga, Ayyar and Simonsen, 
/ e.). From tho mother liquors of the oxalate, 
the hydrobromides are prepared and the base 
fractionally precipitated from this salt, the 
middle fraction yields isocone mmine. 

Fraction (b) contains secondary bases which 
are stronger than conessine. The bases were 
fractionally precipitated with ammonia, the 
first fraction containing “ insolublo sulphates ” 
and a fraction of “ soluble sulphates.” The 
third fraction contains some more conessine 
and chiefly “ carbonates insoluble in light petro- 
leum.” The latter are united with the middle 
fraction and tho hydnodides precipitated with 
Kl (0 3%). After rccrystallisation from M eO H 
and EtOH the carbonate is precipitated from 
light petroleum solution, the free base prepared 
and recrystallised from moist CH, CO,Et, when 
pure conessimino (0 02%) is obtained A later 
description (Siddiqui, J. Indian Chem. Soc. 
1934, 11, 284) recommends dissolving fraction (6) 
in moist CH j-COjEt and precipitating the more 
strongly basic di secondary eonimine as carbonate 
whilst conessimine and teoconessi m me remain 
in solution and are separated from each other 
by means of fractional crystallisation from 
CH.-CO,Et in which uoconeasumne is more 
soluble than conessimine. 

Fraction (a) is treated with 10% HCI, the 
white granular residue is dissolved in 10% 
alcoholic HCI and the sulphates precipitated 
from the hot neutralised solution with H,S0 4 . 
The recovered bases are recry stalhsed from 
MeOH— CH. COjEt. when kolarrkinc (0 02%) 
separates ; from tho concentrated mother- 
liquors Kolarrhimine is obtained. 

Bertho, von Schtiekmann and SchSnberger 
(Ber. 1933, 66, [B], 786) fractionated commercial 
mother-liquors of tho fraction soluble in light 
petroleum (Siddiqui’s fraction e) with con , 
casino as chief constituent). By a process not 


given in detail they isolated three new alkaloids: 
conessidine, conkurchine, and hirchtninc (yield of 
each alkaloid about 10% of conessine obtained). 

Haworth (J.CS. 1932, 631), by extracting the 
seeds of U. antidysenlenca, obtained conessine 
and norconesstne. The two bases were separated 
by the hydrogen oxalate method. 

Sudhamoy, Ghosh and N. N. Ghosh (J. Indian 
Chem. Soc. 1928, 5, 477) extracted Kurchi bark 
with EtOH. The total alkaloids (1-3%) were 
first precipitated with tartaric acid, when the 
tartrates of conessine and kurchicmc separate, 
tbo two alkaloids are fractionated by rccrystal- 
lisation of the sulphates and the free bases from 
CHClg and light petroleum. Tho mother 
Liquors from the precipitated tartrates contain 
kurchine. 

Peacock and Chowdhury (J.CS. 1935, 734) 
exhausted Kurchi bark with EtOH ; from the 
crude alkaloids (1%) they obtained an insoluble 
hydrochloride fraction which yielded a new 
alkaloid lellocinc (0 1%). 

Holarruenine is an alkaloid extracted with 
very dilute HCI from the bark of //. congolemis 
(Pyman, l.c ) ; conessine (0 9%) was removed 
from the crude alkaloids by shaking out tho 
alkaline solution with light petroleum. The 
alkaline mother liquors were in turn extracted 
with Et,0, when a small quantity of holarrhen- 
me was obtained. 

The separation of the holarrhena alkaloids 
is extremely difficult and it is not clear yet 
whether tho number of bases can bo reduced 
owing to tho fact that several of those isolated 
are identical (cf. Siddiqui, l.c. and Bertho et al , 
U.). 

Conessine (I), C M H 40 N„ [„]„ -19 s 
(in CHCl,) or +21-6° (in absolute EtOH), 
mp. 126° crystallises from acetone in short 
needles or large pnsmatio plates, easily solublo 
in all organic solvents. (I) is a di tertiary base 
containing three NM e-groups; it is sensi- 
tive to light and atmospheno influences. 
B 2HCI silky needles (from MeOH -acetone), 
[«.]“ +9 32°, m p. 338-340° ; B 2HI colourless 
bars, easily soluble in MeOH, less so in H,0 or 
EtOH ; B HgCI,-f2HCI needles, sparingly 
soluble also in hot H,0 ; B diraethiodide, 
sbghtly yellow octahedra, easily soluble in H,0 
or EtOH, mp. above 285°, it yields NMe, on 
distillation with AgOH. 

Conessimine (II) (Siddiqui tl al, ke.). 
CjjHjjNj, [a]” -22 25° (in CHCl,), m p 100°. 
microscopic needles (from dry light petroleum, 

CH, -CO, Et or acetone), or m p.91°(dihydrate), 

longslenaer needles (from moist CH, CO,Et), 
bp. 23071-8 mm. (II) contains two N — Me- 
groups and one active H-atom (Zerewitmoff). 
Mono - mtroso - compound, mono - bemoyl (II), 
m.p. 121°, monoacetyl- (II) (od). (II) yields (I) 
on methylation with HCHO and HCOOH ; 
(1) therefore is mono-methyl (II). B carbonate 
unstable ; B 2 HCI amorphous, exceedingly 
soluble in H t O and EtOH, [a)“ —151 s , 
mp. 342°; B2HI, m.p. 318-319° (fro® 
H t O) ; 8 picrate, long rectangular plat** 

(from EtOH) very sparingly soluble, »n hot 
H,0. 
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Holarrhimine (III) (Siddiqui et al., l.c.), 
C 2 iH 36 °N 2> [a]” -14-19°, m.p. 183°, crystal- 
lises from CH 3 -C0 2 Et in star-shaped radiating 
needles. (Ill) is very soluble in EtOH and 
CHCI 3 , almost insoluble in Et 2 0 and light 
petroleum. Diacidic base, no OMe or NMe 
groups, three active H-atoms (Zerewitinoff). 
B-carbonato is unstable. B-2HC1, [a]^ —22-80°, 
m.p. 345°, broad plates, easily soluble in EtOH, 
less so in H 2 0 ; B-2 H Br thin plates and -broad 
needles, m.p. 358-360°, sparingly soluble in 
H 2 0 ; B-picrate yellow plated, m.p. 198-200° 
(anhydr.), fairly soluble in hot H,0. 

Holarrhine (IV) (Siddiqui, " et al., l.c.), 
C 20 H 38 O 3 N 2 , [a)f= -17-01°, m.p. 240°, crystal- 
lises from MeOH — CH 3 -C0 2 Et in needles, 
easily soluble in MeOH and EtOH, snaringly 
so in CHCI 3 , almost insoluble in CH 3 -C0 2 Et, 
El a O or light petroleum; (IV) appears to be a 
secondary base. B-picrate semi-crystalline 
powder, m.p. above 320°. 

isoConessimine (Siddiqui H al., l.c.) (V), 
C 23 H 38 N 2 , [a]™ +30-0° (in absolute EtOH), 
m.p. 92°, crystallises from light petroleum or 
acetone in needles, from moist CH 3 -C0 2 Et, as 
dihydrate, m.p. 88-92° ; (V) is readily soluble 
in all organic solvents, it contains two NMe- 
groups and one active H-atom (Zerewitinoff). 
(V) on methylation with HCHO and HCOOH 
yields (I), (I) therefore is monomethyl-(V); 
N-benzoyl-(V) m.p. 159-160° and N-acetyl- 

(V) m.p. 127-128° are monoacidio bases. 

(V).carbonate is unstable, B-2HCI is crystal- 
line, m.p. 335°, exceedingly soluble in H a O or 
EtOH ; B-2HI needles, m.p. 316°, readily 
soluble in cold H a O (difference from (I)) ; 
B-picrate, yellow rectangular plates and broad 
needles from dilute EtOH, m.p. 198-200° 
(anhydr.). 

Coni mine (Siddiqui, etal.,l.c.)(VI),C 22 H 36 N 2 , 
[a]n —30° (in absolute EtOH), m.p. 130°, 
crystallises from fairly concentrated solutions, 
Et 2 0, light petroleum CH 3 -0O 2 Et, or acetone 
in needles, from moist CH 3 -CO»Et as hydrate. 

(VI) contains two active H-atoms (Zerewitinoff) 
and one NM e-group. (VI) on methylation with 
HCHO and HCOOH yields (I) ; (I) is di- 
methyl-(VI), N, N -dibenzoyl-(VI) m.p. 250°, 
N, N-diacetyl-(VI) (m.p. 139-140°), N, N- 
dinitroso-(VI) m.p. 206-207°. B-2HCI needles, 
m.p. 318-320°, easily soluble in EtOH and 
H 2 0 ; B-2H1 prismatic rods, m.p. 293°, fairly 
soluble in EtOH, less in H 2 0 ; B-picrate, 
brilliant yellow prismatic rods from H s O, 
m.p. 140-141°, very sparingly soluble in hot 
EtOH and H 2 0. 

Conessidine (Bertho et al., l.c.) (VII), 
C 21 H 32 N 2 , [a] 31 -52-2° (in CHCI 3 ), m.p. 123°! 
crystallises from acetone in thin needles or 
thick crystals. (VII) contains one NMe- 
group. B-2 HI faintly yellow needles from 
HjO, m.p. 259° ; B-2HCI0 4 thin needles from 
H 2 0, m.p. 243° (decomp.). 

Conkurchine (Bertho et al, l.c.) (VIII), 
C 2 <>H 32 N 2 , [a] 31 —67-4° (in EtOH), m.p. 153°, 
crystallises from Et 2 0 or EtOH— H a O in 
small needles, easily soluble in CHCI 3 , MeOH, 


EtOH, acetone, benzene, sparingly soluble in 
Et„0 or light petroleum. (VIII) does not con- 
tain NMe-gioups. Methiodide amorphous; sul- 
phate m.p. 342°, oxalate m.p. 325°, and acetyl- 
compound m.p. 233° are crystalline. 

Kurchenine (Bertho et al., l.c.) (IX), 

C 21 H 32 0 2 N 2 , [ag 1 -92° (in 2N-HCI), m.p. 
335-336°, crystallises from MeOH in thin 
leaflets, insoluble in Et„0, sparingly soluble 
in MeOH and EtOH. (IX) does not contain 
OMenor NMe-groups. B-sulphate crystalline, 
[q] d -78-3° (in H„0). 

Norconessine (Haworth, l.c.) (X), C 23 H 38 N 2 , 
[a] D +6-7° (in absolute EtOH) is an oil b.p. 
240/0-7 mm., very readily soluble in all 
organic solvents, it contains three NMe-groups. 
B-oxalate nodules, m.p. 225-227° from EtOH 
or H 2 0 ; B-2HCI slender needles from EtOH- 
acetone, m.p. 340° (decomp.) ; B-dimetliiodide 
pale yellow prisms m.p. 310-312° (decomp.). 

Kurchicine (Ghosh et al., l.c., and Ghosh and 
Bose, Arch. Pharm. 1932, 270, 100), (XI) 
C 20 H 36 ON 2 , [a] D -11-4° (in CHC1 3 ), m.p. 
175°, crystallises from CHCI 3 -light petroleum in 
needles, easily soluble in EtOH and CHC1 3 , 
sparingly soluble in benzene and acetone, in- 
soluble in light petroleum. B-2HC1 needles, 
easily soluble in H 2 0, less so in EtOH, m.p. 
above 260° ; B-H„S0 4 ,2H 2 0 sparingly soluble 
in cold H,0, leaflets, m.p. above 270°. 

Kurchine (Ghosh el al., l.c.) (XII), C 23 H 38 N 2 , 
[a]” -7-57° (in CHC! S ), m.p. 73-75°, b.p. 
233°/l mm., crystallises from Et 2 0 in needles, 
easily soluble in most organic solvents. 
B-2HCI,H„0 rhombic needles from H z O, 
easily soluble in H 2 0, less so in EtOH, decomp, 
about 220° ; B-2HBr needles from H 2 0, 
easily soluble in H 2 0 and EtOH ; B-H 2 S0 4 
flat needles from H 2 0, sparingly soluble in cold 
H 2 0, decomp, at 270°. 

Lettocine (Peacock and Chowdhury, l.c.) 
(XIII), C 17 H 25 0 2 N, light-brown, microcrystal- 
line powder (from CHCI 3 -light petroleum), m.p. 
350-352°, soluble in EtOH and CHCI 3 , 
sparingly soluble in Et„0 and light petroleum ; 
B-picrate, m.p. 198° (from absolute EtOH) ; 
B-methiodide, m.p. 235° (from hot MeOH). 
Does not yield an acetyl- compound. 

Holarrhenine (Pyman, l.c.) (XIV), 
^ 24 ^ 38 ^ N 2 , [«] D — 7-51°, m.p. 197—198°, 

crystallises from CH 3 -C0 2 Et in silky needles 
and is readily soluble in EtOH and CHCI 3 , 
sparingly so in cold CH 3 -C0 2 Et, acetone, or 
Et z O. B-2HBr flat needles (from H,Ob 
m.p. 265-268°. (XIV) contains three NMe- 
groups and yields an acetyl-compound which 
is still diacidic. 

Constitution of Holakbhena Alkaloids. 
— It has already been mentioned that (I) is 
obtained by introduction of one M e-group into 
(II) or (V) and of two M e-groups ^into (VI) 
(Siddiqui. l.c. 1934, 288, 290). Bv deraethyla- 
tion of (I) with BrCN (von Braun's method)'(V) 
and (VI) are obtained (Siddiqui cl al., J. Indian 
Chem. Soc. 1934, 11, 787). They conclude from 
their experiments that in (I) one N atom is 
purely aliphatic forming the group — NMe,; 
the second N-atom as >NCH 3 is a member of 
'a heterocyclic ring-system. 
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(I) contains one double, bond and yields 
dikyrlro-conmnne m p. 105° on hydrogena- 
tion (Spath and Hromatka, Ber. 1930, 63, 126 ; 
Osada, Amer. Chem. Abstr. 1928, 22, 429) ; 
bromine is added (Ulnci, Arch, Pharm. 1918, 
256, 76) and with HjSO t and KIOj (I) may be 
oxidised to dionj conessine m p. 294-295° 
(Wamecke, Ber. 1886, 19, 60 ; Ulnei, Le, 71 j 
Giemsa and Halberkann, Arch. Pharm. 1918, 
256, 201). The Hofmann and Emde degrada- 
tion of (I) was studied by Spath and Hromatka 
(l c , with information concerning earlier results) 
The first step of the degradation of (I)-dimetho- 
bydroxide removes the abphatic N atom, opens 
the heteroejcbc nng, and yields apoconesatne, 
m p 69° (see Kanga, Ayyar and Simonscn, 
l c.) ApoConcssme is then degraded by Emde’s 
method, when a nitrogen free compound, C !1 H J0 , 
m p. 74-76° is obtained Oxidation experi- 
ments did not show any results ; no benzene- 
ring seems to bo present in (I), Spath and 
Hromatka conclude that (I) contains four 
reduced carbocychc rings and a hetero cyclic 
group with a side chain containing a double 
bond. The double bond may however be 
in the hetero-nng No further details about the 
constitution of the Knrchi alkaloids are known. 

Physiological Action op Kurchi Alka- 
loids — Bark and seeds of Ilolarrhena anti- 
dysentenca are used in India against dysentery. 
Acton and Chopra (Indian Med. Gaz. 1929, 64, 
207, quoted by Ghosh and Bose, l e ) state that 
the total alkaloids of Kurchi-bark have an action 
like emetine, hut they are less expensive and exert 
no blood depressor action , the lodo bismuth 
compound of the total alkaloids is given orally 
(cf. also Brown, Bnt. Med. J. 1922, 1, 993) The 
physiological action of the bark and its extracts 
m the treatment of intestinal troubles may also 
be due to the fact that the tannates, as which 
the alkaloids occur, would remain undissolved 
in the acid juices of the stomach and pass on 
to the seat of the disease in the intestines 
(Siddiqui, 1 1 ) Pure conessine gives unex- 
pectedly poor results ; evidently somo other 
alkaloid present in “ conessine ” is responsible 
for the antidysentery action. 

Conessine does not influence bird malaria 
(Goodson, Henry and Macfie, Biochem. J. 1930, 
24, 874), but even in very dilute solution it 
acts on tubercle bacilli (Meissner and Hesse, 
Arch. exp. Path. Pharm. 1930, 147, 339). 

Foraction of norconessme, r/. White (J. Pharm. 
Exp. Ther. 1933, 48, 79) and of holarrbenme, 
ef. Bum (J. Pharmacol. 1915, 6, 305, quoted by 

ScU. 

CONGLUTIN. A globulin protein con- 
tained in the seeds of lupins. 

CONHYDRINE one of the several poison- 
ous alkaloids found in hemlock. e.CoNitnr 
Alkaloids. 

CONICE1NE tt-jS-, y-, S-. t, and v. 
Coni mi Alkaloids. 

CONIFERIN, C ll H„0..2Aq, mp. 185°, 
[a] D —67°, the 0 glucoside of the fir tree, yields 
glucose and comfexyl alcohol when hydrolysed by 
emulsin. It has the formula : 

C»H,,0 4 -O C,H,(OMe) CH:CH CH,OH 


On careful oxidation with chromic acid gloco. 
vanillin is formed which may be further oxidised 
to gin co vanillic acid or reduced to glueovanillyl 
alcohol. All three glu cos ides are hydrolysed by 
emulsin. Coniferin at one time was used for the 
synthesis of va nilli n. 

It has been synthesised by Pa aly and Feuer- 
stem (Ber. 1927,60, [B], 1031) via glucoeomferyl 
aldehyde, which can be reduced by the rather 
unusual method of adding it to a solution of 
sugar undergoing brisk fermentation. 

It was discovered in the cambial sap of Lam 
dendua Mill , and occurs ui the saps of the 
conifers in general ; it is found also in beetroot 
and asparagus. 

It crystallises m colourless rosettes of pointed 
needles, sparingly soluble in cold water. The 
aqueous solution has a slightly bitter taste. 
When moistened with phenol and concentrated 
hydrochloric acid, an intense blue colour u 
formed ; it is soluble in concentrated sulphuric 
acid with a red coloration. 

E.F.A 

CON 1 1 NE v. Conium Alkaloids. 

CONIMINE v. Conessine and Minos 
Alkaloids from Holarrheva spp. 

CON IUM ALKALOIDS. Coniine is one 
of several poisonous alkaloids found in hemlock, 
Conium maeulatum Lmn. (Fam. Umbelhfera) 
(0 2-0 9% in not quite npe seeds). Hemlock 
(Fr. Grande Cigul ; Ger. Giftschierliny) is a tall 
biennial of the temperate regions of Europe, 
Asia and America and was the essential in- 
gredient in the potion administered to con- 
demned criminals by the Greeks. Besides el- 
and /-coniines, hemlock contains N -methyl d- 
and i-connne, y coniceine, conhydrine, and 
psendoconhydnne. Power and Tutin (J. Amer. 
Chem. Soc 1905, 27, 1461) found a similar mix- 
ture of alkaloids in fool’s parsley (Athusa 
Cynaptum Lmn ). 

Extraction. — According to Chemmtius (J. pr. 
Chem 1928, [u], 118, 25) coniine is prepared from 
finely ground seeds {04-05% total alkaloids) 
by mixing with wood wool, moistening with 
15% aqueous NaOH, and extracting four times 
with warm EtjO in a copper vessel The 
concentrated extract is acidified with 50% acetic 
acid and Et.O totally evaporated. After cool- 
ing, solidified fat is skimmed off, and the acid 
solutions are washed with Et 2 0, excess of 35% 
NaOH is added, the alkaloids extracted 
with ether and finally fractionated in a current 
of hydrogen. The fraction boiling up to 165° is 
converted into conune salts ; at 166-174 
“ connnum purum ” of commerce distils and 
the distillate above 174° is fractionated for 
eontinum purum and conhydrine. If the tem- 
perature is not raised above 185° conhydrine is 
left behind. 

According to von Brann (Ber. 1905, 38, 3108) 
if the fraction boiling up to 190° (containing no 
conhydrine) is benzoyUted, the unchanged 
tertiary N -methylconiines can be removed from 
the ethereal solution by dilute acid. The ethereal 
solution ia concentrated and poured into light 
petroleum when most of the benzoyl-8 amtno- 
bntylpropylketone formed by interaction of 
| benzoyl chloride with y -coniceine is precipitated. 

| The solvent is then distilled off and the residue 
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fractionated when the benzoyl-d- and /-coniines 
distil at 200-210716 mm., and are thus 
separated from any residual derivative of 
y-coniceine Benzoyl-S-aminobutylpropylketone 
and the benzoyl-coniines can easily be converted 
into the parent alkaloids by hydrolysis. 

Pseudoconhydrine usually accompanies con- 
hydrine, from which it can be separated as 
EtOH -insoluble hydrochloride (Loffler, Ber. 
1909, 42, 116). For separation of coniine and 
pseudoconhydrine, see Spath, Kuffner and 
Ensfellner (Ber. 1933, 66, [B], 591). 

d-Coniine (I), C 8 H 17 N, [a]™ +15-7°, m.p. 
—2°, b.p. 160-1677760 mm., is a colourless, 
strongly alkaline liquid having a peculiar pene- 
trating odour and a burning taste. (I) is slightly 
soluble in cold H„0, less so in hot (turbidity on 
heating) ; it is steam-volatile and easily soluble 
in EtOH, readily soluble in Et z O, sparingly so 
in CHCI 3 . Exposed to the atmosphere (I) slowly 
darkens and resinifies. (I) dissolves in CS 2 
forming a complex thiocarbamate (Melzer, Arch. 
Pharm. 1898, 236, 701). B-HC1, large rhombs 
(from H 2 0), m.p. 220° ; B-HBr needles, m.p. 
211° ; B 2 -H 2 PtCI 6 ,H„0 orange-yellow crystals 
from H 2 0,m.p. 175°; B-AuCI 4 , m.p. 75° ; B-pic- 
ronolate, m.p. 195-5° (Warren and Weiss, 
J. Biol. Chem. 1907, 3, 327). Por dissociation 
of (I) and its salts, see Kolthoif (Biochem. Z. 
1925, 162, 303). 

1-Coniine, [a]jj l -15-3°, occurs only in small 
amounts; it closely resembles its cZ-isomeride. 
Ahrens (Ber. 1902, 35, 1330) reports slightly 
different melting-points of the salts, which state- 
ment is not confirmed by Loffler and Friedrich 
(Ber. 1909, 42, 107). Z-Coniine may be obtained 
from conhydrine through /bconiceino (Loffler 
and Friedrich, Z.c.). 

N-methyl-d-coniine (II), C 8 H I8 N-CH 3 , 
+81-3°, b.p. 173-1747760 mm., is a 
colourless oily liquid resembling coniine which 
may be obtained according to von Braun’s 
method(Ber. 1905,38,3108). Of the two methyl- 
coniines the d-form predominates. (II) is best 
obtained by methylation of (I) with HCHO and 
HCOOH (Hesse and Eichel, Ber. 1917, 50, 
1401). Methvl-iso-pelletierine hydrazone yields 
racemic methylconiine when heated to 150-170° 
with Na-ethoxide (Hess and Eichel, Ber. 1917,50, 
1396, cf. also Hess, Ber. 1919, 52, [B], 1622). 
B-HCI, needles, m.p. 188°; B 2 -H 2 PtCI 8 , 
m.p. 158°. 

N-methyl-/-coniine, [a] D -81-9°, shows a 
similar behaviour to (II) ; for further details, 
see Ahrens (Z.c.). 


Conhydrine (III), C e H 17 ON, [a] D +10°, 
m.p. 121°, b.p. 226°/760 mm. crystallises in 
colourless leaflets from Et 2 0. (Ill) is a strongly 
basic substance, soluble in EtOH and CHCI,, 
moderately so in H 2 0 and sparingly in Et 2 0. 
N-benzoyl-(III), m.p. 132°. Dissociation con- 
stants of (III) (see Kolthoif, Z.c.). 

The salts of (III) are crystalline, the aurichloride, 
small rhombs or prisms melts at 133°. 

Pseudoconhydrine (IV), C,H„ON, [a] n 
+ 11-0° (in EtOH), m.p. 105°-106° from dry 
ether in slender needles, or m.p. 80° from moist 
ether in plates, b.p. 236-236-5° (for further 


details and for separation from (III), see Loffler, 
Ber. 1909, 42, 960). N-benzoyl-(IV), m.p. 
132-133° (Spath, Kuffner and Ensfellner, Z.c.). 
(IV) is a strongly alkaline base yielding crystal- 
line salts, B-HCI, m.p. 212—213°; B-HAuCI 4 , 
m.p. 133-134°; B 2 -H 2 PtCI 8 slender golden- 
yellow needles, m.p. 185-186°. 

y-Coniceine (V), C 8 H 15 N, optically inactive, 
b.p. 171-172°/746 mm., is a coniine-like oil, 
strongly alkaline and almost insoluble in H 2 0. 
It is separated from (I) by von Braun’s method 
(Ber. 1905, 38, 3108). (V) on reduction yields 
rac. (I). The salts of (V) are crystalline, 
B-HCI, m.p. 143°, hygroscopic; B-HBr, m.p. 
139°; B 2 -H 2 PtCl e , m.p. 192°. 

Other coniceines, a-, p- (=allylpiperidine), 
S-, c-, and ^-coniceines are synthetic products 
and have been obtained in various ways from (I), 
bromo- or iodo-(I), conhydrine and pseudo- 
conhydrine (for references, see Loffler el al., 
Ber. 1904, 37, 1879 ; 1905, 38, 3326 ; 1909, 
42, 94, 107, 122, 929, 948, 3420). 8- and 
c-coniceines contain a bicyclic ring-system. 

Constitution and Syntheses. — (I) is 2-n- 
propylpiperidine, since by zinc-dust distillation 
of the hydrochloride, conyrine, a-n-propylpyrid- 
ine, is obtained. (I) was first synthesised and 
resolved by Ladenburg (Ber. 1886, 19, 430, 
2578; 1889, 22, 1403; 1906, 39, 2486) and was 
the first synthesis of a natural alkaloid; the 
method has been modified several times (Ber. 
1909, 42, 94; 1917, 50, 139). More recent 
syntheses are recorded by Lautenschlager and 
Onsager (ibid. 1918, 51, 602) and Koller 
(Monatsh. 1926, 47, 393). For synthesis of rac. 
(I), see also Bergmann and Rosenthal (J. pr. 
Chem. 1932, pi], 135, 277), rac. (I) is also 
obtained by ring-opening of indolizidine with 
BrCN (Ochiai and Tsuda, Ber. 1934, 67, 1011 ; 
cf. also Diels and Alder, Annalen, 1932, 498, 43). 

Synthesis of (II) by methylation of (1), see 
above (Passon, Ber. 1891, 24, 1678 ; Wolffen- 
stein, ibid. 1894, 27, 2611 ; Hess and Eichel, 
Z.c. 1917). 

Conhydrine (III). — Willstatter (Ber. 1901, 
34, 3166) obtained Z-piperidine-2-carboxylic acid 
by oxydation of (III) with Cr0 3 and sug- 
gested that the hydroxyl-group in (III) must be 
located in the side-chain. The correct formula 
for (III) was first proposed by Engler and Bauer 
(ibid. 1894, 27, 1779) and has received con- 
firmation by the work of Hess and Eichel (ibid. 
1917, 50, 1386) and Spath and Adler (Monatsh. 
1933, 63, 127). 
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Pseudoconhydrine (IV) is ahydroxycomine, 
since treatment with H I yields an iodo (I) which 
on reduction forma d (I). The location of the 
hydroxy] group m the pipendine ring was first 
advocated by Loffler (le. 1909, 116); Spith, 
KufTner, and Ensfellner (1 c 1933) demonstrated 
that (IV) is 2-n propyl-5 -hydroxy pipendine. 

By removing the elements of H 2 0 from (IV) 
0 coniceine is obtained (Loffler, l c 1909, 122). 

0 Coniceine (V) — Beside its natural occur- 
rence (V) may be obtained by interaction of (III) 
and PjOj, or fuming HCJ at 200-220°. Loffler 
and Tjchunte (Her 1909, 42, 915) suggest (V) 
to be unsaturated comine. (V) has been 
synthesised by Gabriel (liid. 1909, 42, 4059) by 
hydrolysing S phtbahmido-butyipropylketone. 

HO HC CH. 

I I . 

H,C CHPr 

'■'•NH'"' 

IV 



I II a 
H.C CPr 

'-NH'" 

V. 

For colour reactions of comum alkaloids, tee 
Billing (Phann J 1909, 29, 34, 70, 102 , 
Biochem. J. 1909, 4, 28G) lor separation of 
nicotine and (1), see Ileut (Arch Pharm 1893, 
231, 370) Tor microcheraical reactions of (I), 
tee Colo (Phihppino J. Sci 1923, 23, 97), 
Itosenthalcr (Arch Tharm 1927, 265, 319) and 
Wngcmar (B 1929, 669) For analytical data, 
sre Iteichard (Pharm Centr 48, 385) Krayer 
Arch exp. Path Pharm. 1931, 162. 342) detects 
traces of (I) by micro sublimation of the 
hy droehlonde 

PitvsiOLOaicci, Action of Comum Alka- 
loids (Henry, " Plant Alkaloids,” 2nd ed , p 38). 
— All alkaloids contained m hemlock are 
poisonous. They produce paraly sls of the motor 
nerve terminations and stimulation followed by 
depression oi t’ne central nervous system, 
llespiration is generally accelerated and 
deepened at first but e\ entually becomes slow 
and finally erases while the heart is still strong 
and consciousness has just disappeared. By 
introduction of a double linking ns m y coniceine 
the toxicity is greatly increased, whilst by the 
insertion’ of a hydroxyl group, as in the con- 
hvdnncs, it w much reduced. 

Schl 

CONKURCHINE r. Conessine and Minor 

AtK«OID« UlOM IlOLAKKIttNA SPP. 

CONNELL1TE. A rare mineral consisting 
of basic chloro sulphate of copper with the 
approximate formula 

2CuCI* CuSO, 19Cu(OH) x -HjO, 
corres|»oiiding to buttgenbachito (q v ) with 
sulphate m place of nitrate. It forms velvet- 
liko crusts of minute hexagonal prisms with a 
rich blue colour. First observed in the 18th 


century in Cornish copper mines, it has sines 
been found in quite small amounts at a few 
other localities. 

L.J.S. 

CONQUINAM1NE v. Cinchona Am. 
loids (this \ol., p. 160c) 

CON QUININE c. Cinchona Alkaloids 
(this vol , p 1696) 

CONSTANTAN. A nickel copper alloy. 

CONTRAMINE. Dietbylammonium di- 
ethyldithiocar hamate ( British Drug Houies, 
London), BPC. 

CONVALLAMARIN and CONVAL- 
LARIN. Glycosides found in Convallaria, the 
dned inflorescence of Coniallana majalis L. 
(lily of tho valley) v. Cardiac Glycosides 

CONVALLATOXIGENIN v. Cardiac 
Glycosides. 

CONVALLATOX1N u. Cardiac Glyco 

SIDES. 

CONVICINE. A glycoside found jn v etch 
seeds, it yields on hydrolysis alloxantin, ammonia 
and a hexose. 

CONVOLVULI N, C tl H 9# O s ,, mp 150°, 
is the glycosidic ream from the Tvbera Jalapa, 
known as jalap resin, and like the roots of 
several species of the Convolvulaceae family, 
has long been used as a purgative. 

Convolvuhn, on dissolving in alcohol and 
reprecipitating with ether (Votofek and Valentin, 
Coll. Tray. Chirn. TchScoslovaquie, 1929, 1, 
477) is separated into an ether soluble glycoside 
containing the raro sugar epirhamnose and an 
ether insoluble compound, rharano convolvubc 
acid, C 52 H (2 0 S2 ,7Aq , which 13 hydrolysed to 
glucose (4 mol ), rhamnose (2 mol ), and ton- 
volvuhnolic acid which VotoCek and Prelog 
(Col). Trav. Chim. Tchecoalovaquic, 1929, 1, 55) 
have proved to bo 2 ll-dihydroxy'-palmitie 
acid They have suggested that in the glycoside 
tho hydroxyl groups each carry 2 glucose mole- 
cules and 1 rhamnose molecule united to form,* 
tnsacchande. The same hydroxy palmitic acid 
is found also in turpelhin, which contains the 
sugars rhodeose and glucose. 

E F. A, 

CONVOLVULUS PSEUDOCANTAB- 
RICUS, ALKALOIDS OF. — C. pseudo- 
xvt.Wmwbh Cwricf.’iv.W-'iT;', ‘.t u>.- 

digenous to Middle Asia ; it was first investigated 
by Orechoff and Konowalowa( Arch. Pharm 1933, 
271, 145), who isolated four alkaloids Ground 
seeds are moistened with 25% ammonia and 
then percolated with benzene. The benzene w 
extracted with HC1, which after addition °> 
ammonia is extracted with CHClj. On evapo- 
ration the CHClj leaves the crude, senu solid 
alkaloids (0 406%) This residue is taken up 
in absolute EtOH ; by addition of alcoholic 
HCI a crude mixture of tho by droehlondcs of 
convolvine (I), comolatmue (If), and con vol 
vidmo (111) is obtained The oily mother-liquor 
contains convoliicine (IV). (I) and (II) are 
separated by the different solubility of their 
hydrochlorides, that of (II) being easily soluble 
in absolute EtOH. By reerystalhsing crude (1) 
from light petroleum, a small insoluble fraction « 
obtained, from which (III) w as isolated (Ortcnou 

and Konowalowa, Bcr. 1934, 67, III), 1163). 
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10 kg. of seeds yield 153-5 g. (I)-HCI, 10-7 g. 
(II)-HCI, 3-8 g. (III)-HCI, and a small amount 
of (IV) (Orechoff and Konowalowa, Ber. 1935, 
68, 814). 

Convolvine (I), C 18 H 21 0 4 N, m.p. 115° 
(from light petroleum), optically inactive, 
crystallises in colourless needles, easily soluble in 
EtOH, CHCI 3 , and acetone, sparingly soluble 
in hot H 2 0, Et 2 0, and light petroleum. (I) is a 
strong base, the salts are crystalline : B-HCI, 
m.p. 260-261° from EtOH in which it is 
sparingly soluble ; B.oxalate, m.p. 265-266° 
from EtOH; B-HN0 3 , m.p. 212-213° 
from EtOH ; B-picrate, m.p. 261-263° 
needles from EtOH ; B-chloroplatinate, m.p. 
240-241° insoluble; B-chloroaurate, m.p. 217° 
from hot H 2 0; B-methiodide, m.p. 230-231° 
from hot H 2 0. On alkaline hydrolysis (I) 
yields a mixture from which Orechoff and 
Konowalowa (1935, l.c.) isolated veratrie acid 
and nortropine, which shows that (I) is vera- 
troyl-nortropeine and has the following struc- 
ture: 


CH„ 


CH, 


-ch_ch 2 OMe 

N R CH-O-Co /^XoMe 

I / 

-CH CH n 


(I : R = H) 


(II : R=Me) 


By methylating (I) at the secondary iV-atom, 
convolamine (II) was obtained. 

Convolamine (II), C 1 ,H 23 0 4 N, m.p. 114- 
115° from light petroleum, optically inactive, 
crystallises in stout prisms, easily soluble in 
EtOH, acetone, CHCI 3 , and benzene, sparingly 
soluble in Et 2 0 and still less in light petroleum 
and hot H z O. The salts are crystalline : 
B-HCI, m.p. 237-239° from EtOH; B-pic- 
rate, m.p. 263-264°, decomp, plates from hot 
EtOH or H 2 0 ; B-chloroplatinate, m.p. 
216-217° needles from hot dilute HCI ; 
B chloroaurate, m.p. 201-202° (needles from 
hot dilute HCI ; B-methiodide, m.p. 257-259° 
colourless needles from H a O. On hydrolysis 
with caustic soda (II) yields veratrie acid and 
tropine, it has therefore the structure (II) above. 
The base has been synthesised by interaction of 
veratroyl-chloride with tropine (Orechoff and 
Konowalowa, 1934, l.c.). 

Convolvidine (III), C 33 H 41 0 8 N 2 (?), m.p. 
192-193° (from EtOH), optically active, 
crystallises in small colourless needles, easily 
soluble in CHCI 3 , sparingly soluble in EtOH 
and acetone, insoluble in H a O, Et z O, and 
light petroleum. The salts are only sparingly 
soluble, B-picrate, m.p. 229°-231°, easily soluble 
in hot acetone. On alkaline hydrolysis (III) 
yields veratrie acid and a base not yet identified 
(Orechoff and Konowalowa, 1935, l.c.). 

Convolvicine (IV), C 10 H 16 N 2 , oily base, b.p. 
100-12575 mm. or 250-260°/760 mm. Becomes 
yellow when exposed to the atmosphere. Easily 
soluble in H s O and the usual organic solvents. 
B-picrate, m.p. 200-202° needles from hot 
H„0. The two N -atoms apparently have a 
different basicity. 

Orechoff points out that in the seeds 90% of 
the alkaloids present are (I), whereas the leaves of 


the plant contain (I) and (II) in about the same 
amount. During vegetation (II) seems to be 
slowly transformed into (I) (phytochemical 
demethylation). 

Schl. 

COOK’S ALLOY. An alloy containing 
43% zinc and 57% antimony. 

COOPERITE. Platinum sulphide, PtS, 
as tetragonal crystals, with the unit-cell dimen- 
sions a 4-91, c 6-10A. As minute grains it 
appears to be the main platinum-bearing com- 
ponent of the concentrates from the Bushveld 
norile, Transvaal. When first described by 
R. A. Cooper (J. Chem. Met. Soc. S. Africa, 1928, 
28, 283 ; 1929, 4, 268, 275) it was thought to 
be PtS 2 and isomorphous with sperrylile 
[PtAs 2 ] ; later H. Sohneiderhohn (1929) 
described it as orthorhombic and isomorphous 
with marcasitc [FeS 2 ] ; while one crystal 
described by H. R. Adam (1931) as cooperite has 
since been proved to be laurite [RuS 2 ]. This is 
a case where chemical analyses have been made 
on mixtures, and crystallographic determina- 
tions have been made on single grains picked out 
from the mixture. By examining each grain 
separately by X-ray methods it has been 
possible to select sufficient homogeneous material 
for chemical analysis (F. A. Bannister, Min. 
Mag. 1932, 23, 189). The name cooperite was 
first used in 1869 for a variety of serpentine ; 
it is also a trade-name for an alloy, Ni-Zr-W, 
etc., used for cutting tools. 

L. J. S. 

CO-ORDINATION COMPOUNDS. — 

When used in a chemical sense the term co-ordi- 
nation is applied to a mode of atomic linking 
first recognised in 1893 by Alfred Werner, who 
subsequently devoted the remaining years of his 
life to a systematic study of co-ordination com- 
pounds. The hypotheses proposed by him in 
explanation of the results of his researches are 
embodied in the co-ordination theory, which 
affords a simple and comprehensive explanation 
of the chemical constitutions of the most diverse 
types of complex metallic salts, including aquo- 
and ammino- derivatives, mordant dyes, and 
many representative minerals. Even before 
Werner’s time numerous chemical compounds 
were known, the formation of which could not 
be explained on the older theories of valency. 
Such substances, often termed “ molecular 
compounds,” were generally formed from simpler 
compounds in which the combining elements had 
exercised their valencies in accordance with 
their position in the periodic classification. For 
instance, hydrogen chloride, a combination of 
univalent hydrogen and chlorine in atomic pro- 
portions, combines with ammonia, a compound 
of tervalent nitrogen with three univalent hydro- 
gen atoms to form the molecular compound 
ammonium chloride. This secondary combina- 
tion of hydrogen chloride and ammonia was 
formerly regarded as being due to the possession 
by these substances of a “ residual affinity,” a 
force which was then considered to differ from 
that of valency. 

Werner examined a large number of metallic 
ammines, compounds of similar type to am- 
monium chloride, although generally more 
■-complex in molecular structure, and showed 
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that they could all be formulated on a new 
principle. The underlying idea of Werner’s 
theory was that the combining powers of 8n 
atom depended not only on the nature but also 
on the number of atoms or groups with which it 
could become associated. It is this number, 
which Werner called the *' co ordination num 
ber,” rather than the valency in terms of 
hydrogen equivalents, which gives a measure 
'of the total combining power of the element A 
general sursey of complex metallic saltB shows 
that the co ordination number 13 most frequently 
C, sometimes 4, and less often 8 or other values. 

In writing graphic formulas in accordance 
with the co ordination principle the convention 
is usually adopted of enclosing tho central 
nuclear element and its associating units w ithin 
a square bracket, which thus contains all the 
elements implicated m the co ordination com- 
plex or inner sphere It should, however, be 
explained that this co ordination principle 
supplements but does not supersede the older 
conceptions of valency Any accurately written 
co ordination formula can be dissected into 
constituent parts which arc expressible in terms 
of integral v alcncies The verification is readily 
seen in the case of ammonium chlonde and is 
equally applicable in the following instances 
JCr6N H,]CI, and K 4 [Fe(CN) t ], where the 
generators of the complex ammine are CrCl, 
and NHj, and those of the complex cyanide are 
KCN and Fe(CN), These two compounds 
furnish examples of the 3 types of atomic 
linkings recognised by chemists • ( 1 ) a non 
polar, non ionised link as exemplified in the 
combination of nitrogen and hydrogen in am 
monia or in the attachment of carbon to nitrogen 
in the cyanide radical , ( 11 ) a polar or ionised 
link between the oppositely charged 10 ns of a 
salt as in dissolved CrCI, or KCN, and also 
between tho complex cation [Cr6NH,] and the 
3 chlorine 10 ns or between the complex anion 
[Fe(CN) s ] and the 4 potassium ions , ( 111 ) the 
co ordination link postulated by Werner as 
existing between chromium and C ammonia 
or between iron and 4 cyanogen groups. 

In 1837 a remarkable foreshadowing of 
Werner's views was published by Gibbs and 
Genth in a research on ammomo cobalt bases 
wherein they referred to the cobalt atom as 
’* hexatomie,” although they also recognised 
that the combining capacity (principal valency) 
of this atom was 3 They referred to the 
inner co-ordination sphere of cobalt with 6 
associating units as the “ conjunct ” (" Smith- 
sonian Contribution to Knowledge,” Washing 
ton, 1857, IX) 

Manifold Associatixc Groups. — In the 
foregoing examp’es, (Cr6NH,]CI, and 
K|[Fe(CN)|7. the ammonia and evanogen 
groups occupy only one position within the 
co ordination sphere, and a similar degree of 
association is manifested by the halogens, water, 
hydroxy 1 groups, oxy gen, py rid me, met hy lammc, 
dixlhyl- or diary I sulphides, phosphines, arsines, 
ami many other molecular species. But co- 
ordination ts by no means confined to such single 
associating units. There arc a great many 
examples of compounds which contribute 2, 3, 
or 4 units to the co ordination complex. 


Chelate Groups .— Compounds such ns ethylene 
diamine and radicals such as the oxalate group 
C,0 4 , w hich each function in the co-ordination 
sphere as two associating units or doubly bound 
groups, often to form exceedingly stable co 
ordination complexes, have been grouped by 
Morgan (J.C S 1920, 117, 1457) under the con- 
venient general term of chelate groups [from yijW 
(Greek), chela (Latin), clielv, (English)] the crab's 
pinccr claw Certain of these chelate groups 
have play ed an important part in the demonstra- 
tion of stereochemical structure of ed ordination 
compounds. 

2 2'-Dipy ndy 1 (I) and o phenanthroline (II) 
furnish examples of such chelate groups, both of 
which were employed by Werner in tho demon 
stration of octahedral structure. 



“ Dipy.” “ Phenan 

I II. 


Blau had previously prepared the dark red trie 
2 2' dipy ndyl ferrous bromide 

[Fe3dipy]Br 2 ,6H 8 0 

(Monateh 1898, 10, 647), and Werner (Ber. 1012, 
45, 433) show ed that this salt could bo resolved 
into optically active forms Morgan and 
Burstall have sinco resolved the analogous pale 
rod mckel salts, [Ni3dipy]CI,.6H.O, into 
dextro- and lsevo-componcnts (JCo 1931, 
2214). The corresponding orango red bivalent 
ruthenium salt [RuSdipyJCljBHjO has also 
proved sufficiently stable for resolution into 
optically active forms (Burstall, J CS 1930,173) 
Those 2 chelate bases have also proved useful 
in demonstrating the bivalency of silver. 
Hicbcr and Muhlbaucr (Ber. 1928, 61, [B], 
2149) have obtained bivalent silver salts such 

[Ag2phenan]S,0, or Xj, 
where X=HS0 4 , NO., CIO,, or CI0 4 . and 
Morgan and Burstall (J C S. 1930, 2594) hav« 
prepared the salts [Ag2dipy]S,0 ( or (HSO,),, 
while Barbiert (Atti K. Accad. Lincci, 1932, 
16, 44) has obtained the derivatives 

[Ag2dipy](NO,), or (C[0 4 ) t 
Chelate groups need not be organic, for 
Wemer was able to show that the basic cobalt ie 
salt, dodecammmohexoltctracobaltic chlonde 
containing 3 chelate groups {(HO),Co4NH,l 
is resolvable into optically activo forms (Ber. 
1907, 40, 2113 , 1914, 47, 3087). 

Hho>° (NHA )J CI ' 

In more recent times, Mann (JCS. 1933.412) 
has isolated optically active components of » 
complex rhodium salt containing sutphamide 
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Whereas many chelate groups are attached to a 
metal with formation of a stable five-membered 
ring system, the foregoing sulphamide derivative 
contains a four-membered ring. Other examples 
of this type of chelation are present in complex 
sulphates and carbonates such as 



and 


/°\ 

0:CC JCo4NH, 

'O' 


Ci 


and also among many polynuclear compounds 
(v. infra). 

Six-membered chelate rings are very plentiful 
among co-ordination compounds and include 
derivatives of l:3-diaminopropane, 


H 2 N-CH 2 -CH 2 -CH 2 *NH 2 , 


of malonic acid, HOOC-CH 2 -COOH, and the 
characteristic and notable metallic complexes of 
acetylacetone. 

Metallic Acelylacetones . — The univalent radical 
CH 3 -CO-CH :C(CH 3 )-0 — derived from acetyl- 
acetone furnishes an important chelate group, 
and similar groups are derived from the homo- 
logous /3-diketones and analogous j3-keto esters. 
This acetylacetone radical enters into combina- 
tion with many of the metals as a doubly bound 
group and gives rise to cyclic co-ordination 
compounds of remarkable stability, often having 
other exceptional properties such as unusual 
colour, solubility in organic media, and volatility 
without decomposition. In the last respect this 
ch’clate group may be said to give wings to 
metals. Aluminium and scandium acetyl- 
acetones represented by the general formula (I) 
(where X"'=AI or Sc) are volatile without 
decomposition. 




I. 



U. 


Thorium acetylacetone containing four of these 
chelate groups has also been distilled. Com- 
pounds of similar type have been obtained from 
zirconium, hafnium, and from quadrivalent 
cerium (II, where Y IV =Th,Zr, Hf,orCe IV ). The 
acetylacetone radical “ Ac ” and its homologues 
co-ordinate with the elements boron, silicon, 
germanium, titanium, tin and zirconium con- 
ferring ionic properties on the complex so that 
polar compounds arise. The boronium and 
siliconium compounds studied by Dilthey 
(Annalcn, 1905, 344, 300 ; Ber. 1903, 36, 923, 
1395, 3207), and Rosenheim, Lowenstamm 
and Singer (ibid. 1833) are of the types 
[B“Ac” 2 ]FeCI 4 or AuCI 4 ; [B“Ac’’,],PtCl 6 ; 
[Si‘*Ac” 3 ]FeCI 4 or AuCI 4 ; [Si“Ac” 3 ] 2 PtCI 6 . 
Following on silicon the various modes of 
interaction with acetylacetone exhibited by 


other elements of the fourth periodic series are 
shown in the following series : 


[Ti“Ac” 3 )FeCl 4 ; [Ge“Ac” 3 ]CuX 2 ; 
[Ge“Ac” 2 X 2 ]; [Sn“Ac” 2 X 2 ] ; [Zr“Ac” 3 ]CI ; 
[Zr“Ac” 4 ] ; [Hf“Ac” 4 ] ; [Ce“Ac” 3 ] ; 

[Ce"Ac” 4 ]; [Pb“Ac” 2 ] ; [Th“Ac” 4 ]. 

Although the vast majority of chelate rings 
are those of five and six members, there 
are a few examples of seven- and even eight- 
membered rings. The former including car- 
boxylic acids such as succinic, maleic, and 
itaconic acids, are exemplified by the cobaltam- 
mine (I) : 


CH,'C0'O\ 

I 

CH.-COO/ 


Co(en) 2 


NO, 


I. 

/CHj-COO. 

0 2 S/f ^Co(en), 

\ch 2 co-o/ 

II. 


(“en” =cthylenediamine.) 


(Duff, J.C.S. 1921, 119, 385) whereas the eight- 
membered ring is present in the complex salt of 
sulphonyldiacetic acid (II) (Price and Brazier, 
J.C.S. 1915, 107, 1367). 

Tridentale Groups . — Threefold associating 
groups have been recognised such as afiy- 
triaminopropane=“tpn,” which co-ordinates 
with cobalt and rhodium as a tridentate radical 
to furnish the complex salts [Co2tpn]CI 3 and 
[Rh2tpn]l 3 (Mann and Pope, Proc. Roy. Soc. 
1925, (A), 107, 80), and 2: 2': 2''- tripyridyl or 
di-2-pyridyl-2: 6-pyridine (“tripy”) which forms 
two series of salts containing respectively 2 and 
1 molecules of the triamine. The former series 
is exemplified by the purple ferrous salt 
[Fe2tripy]Br 2 l and 4H 2 0 and the latter by 
the stable red platinous compound 

[PtCltripy]CI 2 , 2 and 3H 2 0 

(Morgan and Burstall, J.C.S. 1932, 22; 1934, 
1498). 

Quadridcntate Groups . — A fourfold associating 
unit is furnished by the bivalent radical of 
ethylcnediaminebisacetylacetone, 


{CH 2 -N:C(CH 3 )-CH:C(OH)CH 3 } 2 =ec, 

which forms remarkably stable . complexes 
R n ec with copper, nickel, and palladium (III). 


/ \ 

,CMe=Nv -N = MeC>. 

c< CH 

^CMe-o/ \o— MeC^ 

III. (M = Cu. Ni or Pd). 


In the absence of air the two former compounds 
may be boiled without decomposition. The 
cobaltic complex salts [Coec2NH 3 ]Br exist 
in stereoisomeric forms (Morgan and Main 
Smith, J.C.S. 1925, 127, 2030; 1926, 912). 
Tri-J3-aminoethylaminc N(CH,-CH 2 -NH 2 ) 3 == 
“tren” also behaves as a fourfold associating 
compound and gives rise to the platinum salts 
[Pttren]l 2 and [PtCI 2 tren]CI 2 (Mann and 
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[(SCNJjCotrenJSCN.HjO 
{Mann, J.C.S. 1929, 409). 

Fourfold co-ordinating units of a different 
type are represented in the naturally occurring 
pigments chlorophyll and heemin (v. tnfra), which 
possess a constitution based on that of porphin, 
the parent of the series, which yields metallic 
derivatives of the typo IV (Fischer and Glenn, 
Annalen, 1935, 521, 157 ; Rothemund, J. Amer 
Chem. Soc. 1936, 58, 625). 

CH CH CH 


rtf' 


e \ ^ \ 


CH 


N- 


HC \ //CH 

C — — N N C 

I I II I 

CH C C CH 

^ChT 

IV, (M»Mg, Cu, or FeCI) 
Stereochemical Demonstration oe Co- 
ordination. — The prevalence of coordination 
numbers 4 and 6 suggested that co-ordination 
compounds had a spatial arrangement of their 
associating units corresponding respectively 
with the tetrahedron and octahedron. More- 
over, many compounds with a co-ordination 
number of 4 possess a planar distribution of 
addenda with the metallic atom at the centre 
of a flat four-point figure 
Octahedral Structure — Werner predicted that 
coboltammines containing co-ordination com- 
plexes of the type [CoA t B 4 ] would exist in two 
stereo isomeric forms, and that if the 4NH, 
groups of example [CoBr,4NH a ]Br were 
replaced by 2 mols of ethylenediamme, “en" 
-NH, CH, CHj-NH,, then one of the two 
isomeno salts [CoBr,2en)Br would be 
resolvable into optically active forms (en- 
antiomers). His verification of the latter pre- 
diction in 1911 gamed world-wide acceptance 
of the co-ordination hypothesis and raised it 
to the level of a general theory of chemical com- 
bination and molecular structure. 

This demonstration was first accomplished 
with chloroamminodiethylencdiamuiocobaltic 
chloride [NH,CoCI2en]Cl t , which exists in 
2 isomeric modifications depending on the spatial 
arrangements of associating units in the co- 
ordination sphere as illustrated by the following 
figure i 


NH, 


'-c:> 




Cis or 1 :2 Form. Resolvable into 
enantiomerides. 

The racemoid cis-chloride was converted into 
d-bromocamphorsulphonato when the dd-e alt 
was found to be more sparingly soluble than the 


Zd-aalts. The two d-bromocamphorsulphonatw 

were then separately converted into bromides 
which in 1% aqueous solution gave t“]c±43\ 
corresponding with molecular rotation 
[M]o=±168 7° 

(C line 656 3 rnp). These two optically active 
salts were very stable, showing no tendency to 
racemise (Werner, Bet. 1911, 44, 1887). 

Other interesting complex salts, which exhibit 
optical activity, possess the structures 
[M3dipy]Cl„6H,0 

(where M = Fe, Ru, Os, NI, and dipy=2 2'. 
djpyndyl), [M3en]Cl s (where M -Co, Cr, 
Rh, and en=ethylenediamme) and 
[M(C t 0 4 ) a ]K a 

(where M— AI, Cr, Fe m , Co 111 , Ir, and Rh). 
In these salts the chelate groups 2-2'-dipyndjl, 
ethylenediamme or oxalate radical span the 
six points of an octahedron with the metal »t 
the centre. 

Representative co-ordination compounds em- 
ployed in subsequent demonstrations were the 
following: [Co2NH a 2 e n]Br a , [Co3en]CI,; 
NH, 

/ N. 

-Co Coen. 

X / 

NO, 

obtained in meso and racemoid forms, 
(CrCI 8 2en]X ; [Cr3en]X a ; [Cr(C,0 4 )j)K, ; 
(Rh3en]CI ? . Optically active forms of com- 
pounds having octahedral symmetry have been 
isolated in the case of the following element* 
as the central atom : aluminium, arsenic, 
chromium, cobalt, iron, nickel, indium, plati- 
num, rhodium, ruthenium and osmium. 

In recent years. X-ray analysis has been 
increasingly used in the determination of atnic 
ture among co ordination compounds and a 
considerable number have been shown to possess 
octahedral distribution of valencies by this 
means The compounds K 4 [Fe(CN) 4 ), 
KJPtCU, [Co6NH a ]CIj, K,(OsCljNHj), 
[ R h C 1 5 N H a ]C I, represent octahedral structures 
determined by X-rays. As final examples of 
octahedral co ordination compounds tho car- 
bonyls of chromium, molybdenum and tungsten 
M(CO) 4 (M = Cr, Mo, or W) may bo cited 
sinco these compounds owe their existence en- 
tirely to co-ordinate links between carbon 
monoxide and the metal atom. The arrange- 
ment of addenda is indicated in the folowir.g 
figure (e/. Hiebcr, Romberg and JIQhlbauer, 
Z. anorg. Chem. 1935, 221, 321-349). 
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Tetrahedral Structure . — Even before the recog- 
nition by Werner of the co-ordination link a 
demonstration of tetrahedral structure had been 
made in the case of elements other than carbon. 
In 1899 Pope and Peachey showed that quater- 
nary ammonium salts of the type [Nabcd] + X — 
could be resolved into optical antipodes. Amine 
oxides [NabcO] were obtained in optically 
active forms by Meisenheimer in 1908, and in 
1911 this observer and Lichtenstadt prepared 
optically active phosphine oxides PabcO. 

Since the enunciation of the co-ordination 
theory, tetrahedral symmetry has been demon- 
strated in the case of several other elements. 
Borosalicylic acid (I) has yielded a strychnine 
salt with an optical activity due to the boron 
complex (Boeseken and Meulenhoff, Proc. K. 
Akad. Wetensch. Amsterdam, 1924, 27, 174) ; 
and Mills and Gotts resolved the beryllium 
derivative of benzoylpyruvic acid (II) and 
employed similar means in demonstrating tetra- 
hedral symmetry in zinc compounds (J.C.S. 
1926, 3121). 



by Cox, Wardlaw and Webster (J.C.S. 1936 
776) whereas 4-covalent cupric derivatives (v. 
infra) are planar. A structure of novel type 
has been found by Mann, Purdie and Wells 
(J.C.S. 1936, 1503) for the compound of cuprous 
iodide with triethyl arsine, [(Et) 3 As — > Cu 1 ) 4 . 
The arrangement is tetrahedral with copper 
atoms at the four vertices of the figure whereas 
the iodine atoms are centred but situated rather 
above the four faces of the tetrahedron (IV). 

ro 

< 


) 

Cu 



Univalent silver derivatives with a co-ordination 
number of 4 are also tetrahedral as exemplified 

by 



-e- S=C 


/CH 3 

\nh 2 



Cl 


The tetrahedral distribution of associating units 
round oxygen is indicated by the work of Bragg 
and Morgan (Proc. Roy. Soc. 1923,104, A, 437) 
on basic beryllium acetate, 

Be 4 0(CH 3 -C0 2 ) 6 (III) 

and its homologues (Morgan and Astbuiy, ibid. 
1926, 112, 441). 


Be 



Significant results have been obtained from 
determinations of structure by means of X-ray 
analysis. A tetrahedral arrangementof molecules 
in cuprous compounds with a co-ordination 
number of 4 has been demonstrated for the 
well-known cyanide K 3 [Cu(CN) 4 ] and the 
thio-acetamide salt 


Cu ( -e-S = C 
\ \N 


;/ CH a\ - 

Xnh 2 / 4 . 


Cl 


Whilst Hein and Regler (Ber. 1936, 69, [B], 1692) 
obtained indications of optical resolution with 
the silver derivative (V) of 8-hydroxyquinoline, 



which must, therefore, be tetrahedral. Other 
4-covalent compounds of tetrahedral structure 
are the cyanides K 2 [M(CN) 4 ] (M=Zn, Cd 
or Hg) and the well-known and technically 
important nickel carbonyl Ni (CO ) 4 (VI) (Sutton, 
New and Bentley, J.C.S. 1933, 652 ; Brockway 
and Cross, J. Chem. Pbys. 1935, 3, 828). 


O 

m 

c 



VI. 
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Planar Structures . — In the foregoing survey 
of molecular structure among co ordination 
compounds it was noted that when manifesting 
their fundamental umvaleucy, copper and silver 
exhibited a tetrahedral arrangement of addenda 
ui their fourfold co ordinated compounds. It 
has now been found that in their higher valent 
states, copper, silver, and gold exhibit a planar 
configuration when the co ordination number is 
4. By X-ray analysis cupnc acetylacetone, 
Cu(C s H,Oj) 2 has been shown to bo planar (Cox 
and Webster, J C.S 1935, 731) and the com 
pounds [CuCIj, 2H 2 0] and [CuCI,2py] have 
also been shown to he similarly constituted (Cox, 
Sharratt, Wardlaw and Webster, J.C S 1936, 
129 ; Marker, Z. Knst. 1936, 93, 136). The 
planar arrangement among bivalent silver 
den values has been demonstrated by X ray 
study of tbo argentic derivative of picolinic acid 
(Cox, Wardlaw and Webster, J C.S 1936, 775) 


platinum derivatives have, in some cases, been 
regarded as planar since the inception of ths 
Co ordination Theory by Alfred Werner who 
concluded that the two platosamminei 
(PtClj2N Hj) were cis- and turns- isomendes 



Recent X ray analyses support this conclusion 
and extend planar configurations to KJPtCI,], 
[Pt4NH 3 ]CI„H,0, [PtCI„2SMe,]. and many 
other compounds including the corresponding 
palladium derivatives. Chelated platmamminia 
also conform to a planar distribution of valencies, 
since Drew and Head (<J.CS 1934, 221) have 
obtained the two isomeric dichlondes : 


and tervaient gold in potassium aunbromide 
K[AuBrJ2H t O has a planar distribution of 
4 bromine atoms round it (Cox and Webster, 
J.C.S. 1936, 1635) 

Among tin and lead compounds, it is the lower 
valent compounds such as K,(SnCI 4 ]2H,0 and 
[PbCl,2SC(NH,),] which have a planar struc- 
ture in contrast to the tetrahedral arrangements 
of stannic derivatives represented by Snl* and 
Pb(C e H t ) 4 in which a fundamental quadn 
valency is manifested (Cox, Shorter and 
Wardlaw, Nature, 1937, 139, 72) A con- 
siderable amount of work has also been carried 
out on planar compounds containing elements 
of group VIII in the Periodic Classification. 
Chemical evidence m support of planar con 
figurations has been obtained by the isolation of 
tis and irons- forms of the nickel and palladium 
■wJft* vA \iAmyVRftAfe>V|$iy«MBA \A wii \Y;' 
(Sugden, J C S. 1932, 240 ; Dwyer and Mellor, 
J. Amcr. Chem. Soc 1935, 57, 605). 


PhCHj'C — CMe 


PhCH. C — CMe 


Ot- N N OH 

V 


M 


O-*- N NOH 


M 


/\ 

HON N '►O 0-«- N NOH 

II II II II 

MeC — C-CHjPh PhCH, C— CMe 


I. 


II. 


Irons (M = NlorPd.) 


The complex dithio oxalates of nickel, palladium 
and platinum (III) have been shown to be planar 
by X-ray analysis (Cos, Wardlaw and Webster, 
J.C.S. 1935, 1475). Co-ordinated bivalent 


V- 

± 


s s 


1 


M' 

./ V 

V' S S "O 
"ill. (M=Ni, Pdor Pt.) ' 


NH 




.NH/ 


cr 

\ci. 


[NH*. 

Cl/ 


,/ cl ■ 
/'NH,. 


H.C — NH,v yNH, 

| *pr Cl, 

Me,C— NH/ XNHjEtJ 


[Me e C — NH a v .NH 3 

I Cl, 

H,C — NH/ ^NNHjEtJ 


A similar pair have also been prepared contain 
ing 2 mols. of wobutylcnediamine 


[Pt(NH a -CH a CMe, NH,),]CI„ 1 or 2H,0. 


Another elegant proof of the planar arrangement 
of addenda among platinnmmmcs has been 
furnished by Mills and Quibell (J.C S 1935, 839), 
who prepared a salt with the following cation : 


/CH — NH.v /NH, — CH, 

Plr | P/ | /Me 

-CH— NH/ XnHo— C t' 

Ph/ >Me 


and have resolved it into optically activo forma 
which could not exist if the ion were tetrahedral. 


A final example of planar platinous s 
derivative containing 2-6 di 2 ’-pyndyl-pyndine, 
in which a tetrahedral arrangement of the tn- 
dentato addendum is seen from the following 
figure to bo inadmissible (Morgan and IturstaU, 
J.C.S 1934, 1783). 



Cl, 2or3H,Q 


A noteworthy contribution to the stereo- 
chemistry of co ordination compounds was made 
by the discovery of the phthalocyamnes, * sene* 
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of metallic complexes of unusual structure and 
great stability, conveniently produced by 




M=Cu, Be. Mg, Ca, Zn, Cd, Ba, Sn 11 , 
Pb, Fe, Mn, Co, Ni, Pt, MCI, Vo, Sn^Clj. 

heating the metal or its chloride with phthalo- 
nitrile (l:2-dicyanobenzene), they sublime, in 
many cases, without decomposition at high 
temperatures. The planar configuration of the 
phthalocyanines is confirmed by X-ray examina- 
tion. The foregoing formula suggests that the 
organic molecule functions as a fourfold associat- 
ing unit (quadridentate group). The copper 
derivative is an important pigment now known 
commercially as Monastral Fast Blue B.S. 
(Linstead and co-workers, J.C.S. 1934, 1016- 
1033; 1936, 1719-1738). The corresponding 
naphthalocyanines have also been prepared 
from l:2-dicyanonaphthaleno (idem J.C.S. 1936, 
1744). 

Pot.yntjci.eaii Compounds. — Co-ordination 
compounds may contain 2 or more nuclear 
atoms in the complexes. Among non-polar 
substances are basic beryllium acetate Be 4 OAc 6 
and its homologues. From a very large group 
of complex polynuclear salts the following 
comparatively simple examples are selected : 

[en 2 Cr(OH) 2 Cr en 2 ]Br 4 ; 

^NH 3 ) 4 Co/^ 2 ^Co(NH 3 ) 4 j (N0 3 ) 4 ; 

[Cu 2 5tu](N0 3 ) 2 2Aq. ; [Cu 3 7tu](N0 3 ) 3 ; 

[Cu 2 5etu H 2 OJ (N 0 3 ) 2 ,3 Aq. ; and 

[Ag 2 3etu](N0 3 ) 2 ; 

where “ tu ”=thiourea and “ etu ”=ethylene 
thiourea. A series of remarkable chloroacids 
has the general formula [H 2 0-X 3 CI 7 ]H,3Aq. 
where X=Mo, Ta, or W (and probably Nb). 
These complex acids are derived from the 
chlorides (XCI 2 ) 3 'or X 3 CI 6 , which contain a 
Btablo inner core X 3 CI 4 - Accordingly the 
structure 


Cl 


-x/ C V C,Sl 

■\Cl/ ^Cl 


/ x - 


Cl 


has been proposed for the parent chlorides. The 
complex phospho-molybdic and tungstic acids 
are limiting examples of a numerous and diversi- 


fied class of hetero-polynuclear acids (“ hetero- 
polybasic acids ”) ; their salts may be written 
as [P0 4 12X0 3 ]R 3 , nAq., where X = Mo or W 
and R = Na, K or NH 4 . Moreover, phos- 
phorus may be replaced by arsenic. These 
derivatives contain a basic tetrahedron with 
phosphorus at the centre and 4 oxygen atoms 
at the points of the solid figure. On this simple 
structure is built up a symmetrical arrangement 
of 12 interlocking WO ( units which are divided 
up into 4 groups of 3 octahedra. In each 
WOj group, 1 oxygen atom is held in common 
with the phosphorus atom (and is also shared 
with 2 other WO e groups), 2 are shared with 
tungsten atoms of its own group of 3 octahedra, 
2 with metallic atoms of other groups of octa- 
hedra, and 1 is unshared by other atoms. A 
similar arrangement is exhibited by the 
acids H 4 [MX 12 O 40 ], H 6 [BW 12 O 40 ] and 

H 6 [H 2 W 12 O 40 ]> where M = Si, Ge, and 
X = Mo and W (Keggin, Proc. Roy. Soc. 1934, 
144, 75 ; Illingworth and Keggin, J.C.S. 1935, 
575). 

Other Co-ordination Numbers. — In addi- 
tion to co-ordination numbers 4 and 6, which 
suggest respectively tetrahedral and octahedral 
arrangements, there are metallic complexes and 
complex salts containing 8 associating units 
such as the acetylacetones of cerium, zirconium 
and thorium already mentioned, and salts with 
eightfold complex cations as 

[Cu8NH 3 ][Pt(CNS) 4 ], 

[Mg8H 2 0][Th(N0 3 ) 6 ] 

or with an eightfold anion as in K 4 [Mo(CN)j], 
which gives rise to the free acid 

H 4 [M0(CN) b ],6H 2 O 

There is, however, no evidence as to the spatial 
arrangement of associating units in these com- 
pounds. In a study of the alums which were 
formerly supposed to indicate a co-ordinatiOn 
number of 12, the tervalentmetalis surrounded by 
6 mols. of water, [Mui6H 2 0]Mi(S0 4 ) 2 6 H 2 0. 
The arrangement of the remaining water mole- 
cules differs slightly according to the size of the 
univalent metallic ion (Lipson, Proc. Roy. Soc. 
1935, 151, 347). 

Reference should be made to compounds ex- 
hibiting odd co-ordination numbers (C.N.) : 

C.N. Three . — This number is displayed in a 
series of oxy- and thio-acids in which the 
principal valency of the central element may 
vary from three to five : borates [B0 3 ], car- 
bonates [C0 3 ], thiocarbonates [CS 3 ], nitrates 
[N0 3 ], and sulphites [S0 3 ], meta acids of 
phosphorus, antimony, vanadium, columbium 
and tantalum [X0 3 ], chlorates [CI0 3 ], bromates 
[BrO s ] and iodates [I0 3 j. 

C.N. Five . — Cupric halides co-ordinated with 
5 mols. of ammonia, pyridine, etc., e.g. 

[Cu5base]X 2 . 

C.N. seven, of which series the analytically 
important K 2 TaF 7 is the most outstanding 
example. It is noteworthy that tantalum also 
gives a more regular type K 3 T aF s . 

Electronic Interpretation of Co-ordina- 
tion. — The electronic conception of matter 
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gives precision to the co-ordination theory since 
it offers a simple explanation of the three mani- 
festations of valency now recognised by 
chemists : (1) Electrovalency with polar or 
lonisable links as m the oppositely charged ions of 
sodium chloride, NaCI - > ammonium chloride 
NH 4 + CI — or bexamminoeobaltic chlonde 
[Co6NHj] + + + Cl, 

(2) Covalency with non-polar non-ionisahle 
links such as those which unite carbon to hydro- 
gen in methane, nitrogen to hydrogen in 
ammonia, or carbon to nitrogen in cyanogen. 

(3) The co ordinate link of Werner such as 
combines cobalt with ammonia in the foregoing 
cobaltammine. 

The driving force discernible in these three 
types of linking is a tendency on the part of each 
of the combining atoms to assume the electronic 
configuration of the nearest inert gas. Of these 
gases helium has 2 electrons, but each of the 
others has outer groups of 8 electrons — the 
octet. 

(1) Electrovalency ( the Polar Link) — In form- 
ing sodium chlonde, sodium gives its single 
outer electron to chlorine, and by this exchange 
the sodium ion acquires the electronic configura- 
tion of neon while the chlorine ion completes its 
octet, thus resembling argon. 

(2) Covalency ((he Non-polar Link) — The two 
combining atoms share electrons as in methane, 
which contains 4 covalent links. Each of these 
4 links includes 2 electrons, 1 contributed by 
carbon and 1 by hydrogen, so that m methane 
carbon ha3 assumed the electronic structure of 
neon and each hydrogen has acquired the 2 
electrons characteristic of helium. This type 
of non polar link to which each of two combining 
elements contributes 1 electron is typical of 
the non polar compounds of organic chemistry. 

(3) Co ordination Covalency (the Co ordinate 
Link) — This modo of attachment differs from 
the foregoing type of co-valency or non-polar 
link in that both electrons are furnished by one 
of the combining elements (Sigdwick, J C S. 
1923, 123, 725). This type of combination is 
exemplified in the luteocobaltammme 

[Co6NHj]CI 3 , 

wherein the tervalent cobalt ion which differs 
electronically from krypton by 12 electrons 
completes its quota of electrons by co ordmating 
with 6 mols. of ammonia. In this combination 
each nitrogen atom contributes 2 shared elec- 
trons, so that within the co ordination sphere 
the cobalt has acquired the electronic configura- 
tion of krypton, whereas each nitrogen retains 
the octet of neon. 

By a similar process of reasoning it may bo 
shown that this electronic equality holds in the 
caso of purpurocobaltammine [CoCISN 
and also generally among co ordination com- 
pounds of tervalent cobalt. The fact that the 
acquirement of a complete octet by cobalt 
coincides with the symmetrical octahedral 
grouping of 6 associating units affords an ex- 
planation of the existence of so many well- 
defined members of this cobaltammine series 
and accounts for the stability of complex co- 


baltic salts such as KJCofNO.M and 
Na,[Co(CN),]. 

This coincidence is also apparent in the casa 
of the platinammine compounds of tetradie 
platinum of the following bchcs : [Pt6NH,]Cl,; 
fPtC15NH,]Cl s ; and intermediate types to 
[PtCI 4 2NH 3 ], [PtCI 5 NH s ]K; and [PtCIJK,. 

As regards co ordination compounds, chromium 
resembles cobalt, giving rise to numerous am- 
mines and complex salts, but in this instance 
the development of octahedral symmetry docs 
not coincide exactly with the acquirement by 
the central metallic atom of an electronic 
structure characteristic of krypton. Through- 
out the senes there is & deficiency of 3 electrons, 
but, nevertheless, many individuals of this 
numerous group of co-ordinated chromic de 
rivatives show remarkable stability with similar 
phenomena of stereoisomerism and optically 
active enantiomendes. 

Certain of the co ordination compounds of 
nickel and copper show the opposite tendency 
in the combination of these bivalent metals with 
6 associating units. For if each unit should 
contribute 2 electrons, then there would bo an 
excess of electrons over the number required to 
endow the metalho radical with the electronic 
structure of krypton Nevertheless, such a 
complex salt as [Ni3dlpy]Cl g is sufficiently 
stable to be resolvable into optically active 
enantiomendes 

This interpretation of co ordination aa taking 
place with 2 electrons does not, however, exclude 
a 1-electron covalent link. In the copper 
denvative (u. supra) of ethylenediaminobis- 
acetylaeetone (Cuec) the cupric ion is still 1 
electron Bhort of the krypton structure which, 
however, is acquired when this compound co- 
ordinates further with water or ethylenediamine 
hydrate to form respectively [HjOCuec] and 
[ecCuNH 2 C 3 H 4 -NH 3 ]OH, tho latter de- 
hydrating to 

[ecCuNH 2 C z H 4 NH,Cuec] 

These addenda are more loosely held than the 
original “ec,” a circumstanco which suggests the 
single link. In the nickel complex [Niec] the 
metal is still 2 electrons Bhort of the krypton 
structure, and this unsaturation is revealed by 
the formation of ammino- and ethylenediamino- 
compounds [2NH 3 Niec] and 

[C 1 H 4 (NH I ),NIec] 

(Morgan and Mam Smith, J.C S. 1925, 127, 
2030 ; 1926, 912). 

Noteworthy Examples of Co-okdivatiok 
Phenomena. 

A Wider Basis for the Principle of Isomorphism. 
— The older principle of integral valency led to 
structural formulas which afforded no explana- 
tion of the isomorphism of calcite and sodium 
nitrate which were formerly formulated as 
/O v Ox 

0:C' ^Ca and ONa 

\o/ 

respectively. But if the anions are [C0 3 1 *nd 
[NO,] with a similar arrangement of oxygen* 
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round the central atom, then the rhombohedral 
structure of these two compounds becomes explic- 
able in terms of isomorphism. These ideas were 
developed by T. V. Barker (J.C.S. 1912, 101, 
2484), who showed that the following sub- 
stances were members of isomorphous series : 
K 2 S0 4 , K 2 BeF 4 , and (NMe 4 ) 2 HgCI 4 (ortho- 
rhombic), KCI0 4 , BaS0 4 , and KBF 4 (ortho- 
rhombic), xenotime YP0 4 , zircon ZrSi0 4 , and 
cassiterite Sn 2 0 4 (tetragonal), 

Cu[TiF 6 ]4H 2 0 ; Cu[Nb0F 5 ]4H 2 0 

and CuW0 2 F 4 ,4H 2 0 (monoclinic). The double 
salt K 2 BeF 4 ,AI 2 (S0 4 ) 3 ,24H 2 0 crystallises in 
cubic octahedra and is a true alum, as is also 
K 2 ZnCI 4 ,AI 2 (S0 4 ) 3 ,24H 2 0 (W. R. C. Curjel, 
Nature, 1929, 123, 206). In these substances 
the compounds K 2 [BF 4 ] and K 2 [ZnCI 4 ] are 
isomorphously equivalent to K 2 [S0 4 ]. 

Analytical Reagents . — The separation of copper 
from cadmium and of cobalt from nickel in 
qualitative analysis is based on the difference in 
stability of two pairs of double cyanides ; 
(1) hydrogen sulphide decomposes the cadmi- 
cyanide, K 2 [Cd (CN) 4 ],butnotthe cuprocyanide, 
K 3 [Cu(CN) 4 ]; (2) hypochlorites or hypo- 

bromites decompose the nickelo cyanide 

Na 2 [Ni(CN) 4 ] 

but not the cobaltieyanide Na 3 [Co(CN) e ], 
The quantitative estimation of nickel is facili- 
tated by the use of its insoluble complexes with 
dimethylglyoxime, a-benzildioxime, or dicyano 
diamidine. /?-Naphthoquinoneoxime oneoxime 
dyes) gives a sparingly soluble cobalti-complex 
used in separating this metal from nickel. 
( see Chemical Analysis, vol. II, p. 612c). 

Nitroso-)3-phenylhydroxylamine (cupferron) 
furnishes insoluble red and white complexes with 
.ferric and cupric salts respectively. The com- 
pound 8-hydroxyquinoline (oxine) has proved 
a useful analytical reagent, for many metallic 
ions, since it yields insoluble products of the 
type indicated by the following general formula : 


a:=2, 3, or 4 


The reddish-violet colorations obtained by the 
action of alkaline copper solutions on biuret are 
complex salts [(C 2 0 2 N 3 H 2 ) 2 Cu]K 2 ,4H 2 0 or 
[^20 2 N 3 H 2 Cu]K, 3H 2 0, in which this imino- 
diamide is reacting in its monoenolio form 
HN:C(OH)NH-CONH 2 . 

Mordant Dyes . — Included within the two main 
categories of mordant and acid mordant dyes 
are many substances of very varied chemical 
structure, but these otherwise diverse compounds 
have one feature in common, a chelate group 
capable of entering into co-ordination with the 
metallic mordants generally employed in dyeing. 
The coloured effects produced on mordanted 
fibres are internal metallic complexes (in- 
soluble lakes) arising from this combination of 
dye and mordant. 

In many cases the dyes themselves have little 



or no colour. Alizarin yellow A and C are 
respectively benzoyl- and acetyl-pyrogallol (I), 
which, although but faintly coloured, furnish 
yellow aluminium lakes (II) • 


HO' 



The quinoneoxime dyes are also simple 
examples of pale yellow to brown mordant or 
adjective dyes (chelate group HON :C — C=0) 
which furnish green and dark brown lakes on 
wool mordanted with iron and chromium 
respectively. 

Alizarin (?.v.) and naphthazarin (alizarin 
black) supply further typical examples of such 
mordant dyes. The former (III) possesses 1 
chelate group CO- C — C-OH, and the latter (IV) 
contains 2. When the hydrogens of the chelate 
groups are replaced by an appropriate metal 
(aluminium, iron, chromium, etc.) a coloured 
lake is produced. 


OH 



in. 


B(C0 2 -CH 3 ) 2 




v. 

Treatment of III with pyroboric acetate reveals 
the presence of 1 chelate group (V), whereas with 
(IV) this reagent gives rise to a diboric ester con- 
taining 2 chelate groups (VI). Accordingly the 
quinone (IV) must be 6 : 8-dihydroxy-l :4- 
naphthaquinone and not the 5 : 6-dihy droxy 
analogue as formerly supposed (Dimroth and 
Ruck, Annalen, 1925, 446, 123. 

An azo-group often becomes implicated in the 
chelate complex, as in the case of many hydroxy - 
azo- and dihydroxyazo- dyes. Such colouring 
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matters are substantive dyes on wool or silk 
but their tinctorial effect is changed very con- 
siderably when the dye is concerted into its 
lakes with suitable mordants. Enochrome red 
B and Palatine chrome black 6B are examples of 
dihydroxyai© dyes having chelate groups which 
give rise to deep red and black chromic com- 
plexes. In other instances the lake producing 
chelate group is developed from the dye by 
oxidation, as when the dyed fabric 19 developed 
with chromic acid. Diamond black PV, 
Carmoisin WS, and the chromotropes are 
typical examples of such dyes (J. Soc. Dyers 
and Col 1911, 37, 43 ; 1925, 41, 233) B hen 
these dihydroxyazo dyes contain eulphomc 
groups it becomes possible to produce a soluble 
lake from dye and metallic mordant These 
soluble lakes which already contain the inner 
metallic complexes can be applied substantively 
to animal fibres and have the further advantage 
that they may be used in metallic vessels, 
since the lake is far less affected than the dye by 
the metal of the container A group of these 
Boluhle lakes is sold under the generic name of 
neolan dyes 

The natural mordant dyes such as cochineal, 
lac, logwood and the redwoods also contain 
chelate groups capable of co ordmating with 
metallic mordants, and it is to the presence of 
such chelate groups (generally of the ortho- 
hydroxyhetone type) that they owe their tine 
tonal properties. 

Itepresentatne Minerals — The chemical con- 
stitutions of many mineral species are most 
readily explicable m terras of co ordination. 
The apatite group is a notable example, and it 
contains the following senes • chloroapatite, 
[Ca3{Ca 3 (P0 4 )j}]CI 2 , pyromorphite, 
[Pb3{Pb 3 (PO t ) t )]a 2 , 

mimetite, [Pb3{Pb s (As0 4 M]CL, vanadmite, 
[Pb3(Pb,(V0 4 U]Cl x . 

The spinels having the general formula 

also form a noteworthy group of 
isomorphous minerals, including the following 
species' spine], Alj[Mg0 4 ], hcrcynite, 
Al x [Fe0 4 ), chromite, Cr 3 [Fe0 4 l, mngnesio- 
femte, Fe 2 [Mg0 4 ), gabmte, A) 2 ]Zn0 4 ], and 
magnetite, Fe t [Fe0 4 ] The naturally occurring 
STijiir iWiiiuitiW mwc n'lnf/fy-ex'pAva&iV nr Arms 
of the co ordination theory. In these nuncrats 
silicon has a co ordination number of 4 as, for 
example, in the ion [Si0 4 ]. 

Among copper minerals are the well known 
atacamite 

[Cu3(Cu(OH) x }]Cr, 

and the corresponding sulphate, brochantitc, 
(Cu3(Cu (0H)|>]S0 4 . Contrary to an opinion 
which has prevailed for a century the green 
patina dc\ eloping on copjier roofs is not basic 
copper carbonate but basic copper sulphate, 
[Cux(Cu(OH)j)]S 0 4 , in which x vanes from 
1 to 3. In an artificial patina produced electro 
lytically, a-«=l, whereas in the natural patinas 
produced by exposure of more than 70 years 
x approximates closely to 3, so* that the corrosion 
product is a co-ordination compound identical 
in composition with brochantito (Vernon and 
Whitby, J. Inst. Metals, 1030, 44, 2, 3S9). 


Substances of Physiological Significance —The 
fluorine in the enamel of teeth is present m tho 
form of fluorapatite, [Ca3(Ca 3 (P0 4 ) t )]F, 
(G. Shearer). The mineral portion of the bone* 
of vertebrates consists mainly of carbonato. 
apatite, [Ca',(P0 4 ) 2 Ca s , r 'JC0 3 , and hydroxy- 
apatite, [Ca{(P0 4 )jCa 3 )](OH) 2 (Bassett, JCb 
1917, 111, 636 ; Hemlncks, Jefferson, snd 
Mosley, Z.Knst. 1932, 81, 382), whereas the bone 
ash from fish and mammals contains oa mam 
constituent the complex phosphate 
[Ca6^Ca s ( P0 4 ) 2 )(OH) 2 
(Morgulis, J Biol Chem. 1931, 93, 455). 

An important co-ordination compound of 
physiological significance m the animal kingdom 
is lia?mm (I), the essential ferruginous colouring 



matter of blood Closely allied to this pigment 
is hmmocyanme, the blood colouring matter of 
crustaceans and molluscs, but in this compound 
copper replaces iron. Another copper pigment 
of similar typo is turacin, a reddish-purple pro 
duct present in the feathers of the touraco 
In the vegetable world, the chief co ordmated 
compound is chlorophyll, the green colouring 
matter of plants Tw 0 forms, a and ft. ha\ e been 
recognised, and the structure of tho former 
variety is indicated by II. The f} form contain* 
an aldehyde group replacing a methyl group, but 



MtfcH [CHjlj CHM. (CHjlj CHM* (CH.l, CM* CH CH* 
II. 

bath forms contain the 4- co ordmated mag- 
nesium atom. 
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COPAENE. The la; vorotatory sesquiterpene 
hydrocarbon, copaene, C 16 H 21 , b.p. 119-120°/10 
mm., d u 0-9077, n D 1-48943, ja] D -13-21°, occurs 
in African Copaiba oil (from Oxysligma Mannii) 
(Schimmel’s Report, 1914, April, p. 48) and 


in oil of supa, Henderson, McNab and Robertson 
assigned to it the structure (I) (J.C.S. 1926, 
3077). this differs from that of Semmler and 
Stenzel (Ber. 1914, 47, 2555) as regards the 
bridge. On treatment with hydrogen chloride 
it yields c adinene dihydro-chloride (II) whilst on 
oxidation with ozone or potassium permanganate 
it gives a monobasic ketonic acid, copaene ketonic 
acid, C, s H 24 0 3 (III), ( semicarbazcme , m.p. 
221°), which on further oxidation with sodium 
hypobromite yields a dibasic acid copaene 
dicarboxylic acid, C 12 H J8 0 4 (IV). 

Apart from cadinene dihydrochloride no 


CHMe CH 2 


CH 

I 

CH 


C— Cl CH, 


CH 

l\ 

C/ 


CHMe 2 II. 
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CMeCI 
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2HCI 
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CHMe CH 


H 2 C 
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'S 



CHMe CH 



CHMe 2 III. 


crystalline derivatives have been prepared from 
copaene. 

J. L. S. 

CO PA I B A . Copaiba, or Balsam of Copaiba, 
is the oleo-resin obtained from various species 
of Copaifera, of which the most important is 
C. Langsdorfii. The oleo-resin is secreted in 
schizogenous ducts which eventually become 
lysogenous cavities in the*trees, and these are 
opened by boring to allow the secretion to 
flow out. Copaiba is a thick, viscous liquid 
of a yellow to brown colour, often fluorescent. 
In commerce the balsam is sold on a description 
which indicates the place from which , it is 
•exported and which to a considerable extent 
covers the district in which it has been collected 
and, therefore, within reasonable limits, the 
species from which it has been obtained. The 
principal areas of its production are in Brazil 
and the northern portion of South America. 

The best known varieties are Maranham, 
Maracaibo and Bara. The principal differences 
between the various balsams ore in the pro- 
portions of essential oil and resin. Its use is 
entirely confined to medicine, and the standards 
of the 1932 edition of the “ British Pharmaco- 
poeia ” are as follows. Its specific gravity should 
be from 0-960 to 0-995, and the aoid value of 
tho residuo obtained by drying in a water bath 
should be from 120 to 160. The optical rota- 
tion of the essential oil obtained by distillation 
by steam or under reduced presence should be 
from —7° to —35°. Tho resin obtained by drying 
on a water bath should be not less than 50% and 
not more than 65%. 

At present copaiba is seldom adulterated, but 
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if so, the principal adulterants are gurjun 
balsam and the so-called African copaiba. 

Essential oil of copaiba ( q.v .) is used to 
some extent in medicine, as is also the resin. 
For an exhaustive examination of a sample it 
is necessary to separate the essential oil and 
the resin and examino each separately. Tho 
essential oil is best distilled in a current of 
steam to avoid decomposition, which takes place 
even when the balsam is distilled in vacuo. 
The table at tho top of p. 338 will show the 
figures for a number of typical authentic 
samples, but sb'ght variations may be expected 
in a substance derived from several species 
under varied conditions. These values are 
merely typical, variations from them may 
be expected, and definite limits cannot be 
given. 

For the detection of gurjun balsam oil, the 
determination of the optical rotation of the 
essential oil is important. Gurjun oil has a 
rotation which is rarely below —70° and often 
reaches —130°, so that a higher rotation than 
—35° in the essential oil renders a sample very 
suspicious. If 3 or 4 drops of the essential .oil 
are dissolved in 3 c.c. of glacial acetic acid and 
the mixture is carefully poured on to the surface 
of concentrated sulphuric acid, a dark violet 
colour is developed in the acetic acid solution if 
5% of gurjun oil be present. 

The resin of copaiba consists for the most part 
of bodies of an acid nature. According to 
Schweitzer (Pogg. Ann. 1829, 17, 784 ; 1831, 
21, 172) one principal constituent is a crystalline 
acid melting at 131°, to which the name copaivic 
acid was assigned. Its formula is given as 
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Msranham 

Maracaibo. 

Cartagena 

Pari. 

EahU, 

Sp gr. of balsam at 15 5° 

0 090 

0 980-0 995 

0 950-0 970 

0 920 

0 975 

Acid value of balsam . 

70-80 

85-90 

60-80 

30-55 

80 

Refractive index of bal- 
sam (20°) .... 

15120 

1-516 

1-510 

1508 

1506 


40-50 

45-48 

42 


44 


0 900 

0900 

0904 

0900 

0-905 

Refractive index ofoilat 20” 

1-4980 

1-49S0 

1-4960 

1-498 

1495 

Optical rotation ofodat20 c 

-18° 

-10® 



— 18° 







Ester value of ream . . 

38 

50 

45 


75 


C,„H, 0 O 2 . N umcroua other acids hare beenj According to Praise (Perf. and Essent. OilRec. 
dwcnbcd, but as little other than combustion 1934, 25, 218) there are 15 species of Copaiftralo 
results and empirical formula have been be found in Brazil. He has examined 8 samples 
quoted, it is not necessary to reproduce them \ from different species, and gives the following 
here (see Arch. Pharm. 1901, 239, 548). I as their characters : 



See also Balsam of copaiba, “Allen’s Com- 
mercial Organic Analysis,” 5th ed., Vol. IV, 
p. 307; Deussen and Eger (Chem.-Ztg. 1912, 38, 
561) ; Cociting (Chem. and Druggist, 1910, 77, 
119); and von Sodcn (Chem. Ztg. 1909, 33, 
428). 

It will ho convenient to describe here the 
so called African copaiba. This body is also 
known as JUunn balsam. Its botanical origin 
is uncertain. It has been ascribed to O-rysltgma 
Mannii Harms, but is more probably the product 
of DamtUia thun/era. It closely resembles true 
copaiba in characters, tho principal physical 
difference being that its essential oil is dextro- 
rotatory. The characters of the balsam are as 
follows : 

Specific gravity . . .0 985-0 998 

Act’d value .... 55-60 

Ester value .... 8-10 

lUurie acid, C t0 H M O t , melting at 128°, is stated 
to be the chief of the resin acids (Tschireh 
and Keto, Arch. Pharm. 1901, 239, 648). 

COPAIBA, ESSENTIAL OIL OF.— 
The oil distilled from the oleo resin or balsam 


of copaiba derived from various species of 
Copatjera (Fam. Leguminoss), which are large 
trees found chiefly in Brazil, Venezuela, Guiana 
and Colombia. The oleo ream is a secretion 
which is obtained by boring the tree and collect- 
ing the exudation. It is imported from Maran- 
hnm, Maracaibo, Pard, Cartagena, and Cayenne. 
The Pard variety yields 65*80% of oil, the other 
vaneties 35-65%. 

Composition — This od consists mainly of 
the sesquiterpenes, f} caryopbyllene and cadi- 
nene. 

Characters . — It is a colourless or pale yellow on. 
sp gr. 0 895-0 908, opt. rot. —7° to —35®, rtf 
ind. I 495-1 '500. A solution of 1 mb °f c “ 
in 5 ml. of glacial acetic acid should not develop 
more than a faint reddish or purple coloration on 
the addition of 4 drops of nitrio acid (absence ot 
gurjun balsam). When distilled under reduced 
pressure the first 10% fraction has an optical 
rotation lower than that of the original clJ 
(absence of oil of African copaiba). The on » 
used in medicine as a urinary antiseptic.^ ^ ^ 

COPAL. — This varnish resin is, from * 
commercial point of view, of very g*** 1 ua ' 
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portance. It will be convenient to deal with 
its numerous varieties, from a geographical point 
of view. The principal of the copals are as 
follows : 

(1) Bast African copals. 

(2) West African copals. 

(3) Kauri gum or New Zealand copal. 

(4) East Indian and Manila copals. 

(5) South American copals. 

(1) The trees yielding East African copal (Zanzi- 
bar, Lindi and Tanganyika) are Trachylobium 
verrucosum (Fam. Legamimosse), Hymencea 
verrucosa (Madagascar) = Trachylobium ver- 
rucosum and Copaifera conjugala Milne- 
Redhead (Inhambane). 

Tho resin ducts are near the surface and no 
injury to the tree is necessary. Native collectors 
recognise three varieties of copal : (a) that 

obtained direct from the trees ; (6) that which 
has dropped from still growing trees and collects 
in the soil, where it has hardened, known as 
“ semi-fossil ” copal ; and (c) that found in the 
soil, which has been dropped from trees no 
longer existing, known as fossil resin. Some 
of the fossil resin has characteristic rough 
markings, and is known as “ goose skin ” copal. 
This is probably due to uneven contraction of 
the various layers during drying. 

The following analyses of East African copal — 
known generally as Zanzibar, although the 
greater part is produced on the mainland — 
are duo to tho Belgian Ministry of Colonies 
(Revue generate de la Colonie beige, 1921, 
552). 


Similar analyses of Madagascar copal (l.c.) gave 
the following results : 



Sp. gr. 

Mois- 

ture. 

% 

Ash. 

% 

%, 

soluble 

in 

alcohol. 

Acid 

value. 

Sap. 

value. 

1 

1-062 

0-52 

0-014 

70 05 

140-3 

155-7 

2 

1-060 

1-09 

0-40 

57 31 

111-08 

140-3 

3 

1-052 

1-05 

0-27 

49-28 | 

I 

100-8 

111-8 


The constituents of Zanzibar copal are not 
known with any degree of certainty. Resenes 
and acids with very high molecular weights have 
been quoted, but until a series of well-defined 
derivatives has been prepared, the individuality 
of these bodies cannot be relied on. Reference 
may be made to the papers of Tschirch and his 
fellow workers (Arch. Pharm. 1896, 234, 552 ; 
1897,235,92; 1901,239,145,298; 1902,240, 
202, 478 ; 1908, 246, 293). 

(2) Of West African copals, Congo copal is by 
far the most important. The greater part of the 
exports consists of fossil resin. Sierra Leone 
copal is obtained from living trees. Various 
other copals or so-called copals are produced in 
other West African districts. The copal from 
the Belgian Congo is derived chiefly from 
Copaifera Demeusei Harms, and to a smaller 
extent from other Copaifera species. A large 
number of samples have been examined by the 
Belgian Ministry of Colonies, which have been 
collected in numerous districts. These samples 
gave results within the following limits : 



Sp. gr. 

Mois- 

ture. 

% 

Ash. 

% 

% 

soluble 

in 

alcohol. 

Acid 

value. 

Sap. 

value. 

1 

1-062 

0-81 

0-04 

53-16 

83-1 

83-1 

2 

1-071 

0-87 

0-04 

57-88 

86-7 

89-5 

3 

mzmm 

0-80 

0-04 

48-20 

87-6 

89-1 

4 

1-064 

1-15 

0-05 

52-22 

100-7 

100-7 

6 

1-067 

0-89 

0-02 

54-53 

100-1 

100-1 

6 

1-001 

0-81 

0 06 

51-72 

95-9 

96-0 

7 

1-074 

0-60 

0-08 

93-74 

153-9 

165-1 

8 

1-053 

0-59 

0-04 

93-18 

166-9 

166-9 

9 

1-057 

0-58 

0-01 

81-39 

142-7 

151-1 


Specific gravity . 
Moisture % . 

Ash %. . . . 

Soluble in alcohol % 
Acid value 
Saponification value 


1-033-1-065 
0-26-1 -00 
0-017-006 
38-82-70-53 
85-4-143-7 
91-1-149-5 


For Tschirch’s views on the composition of 
Congo copal, see Tschirch and Engel, Arch. 
Pharm. 1908, 246, 293. 

Hellinckx gives figures for Congo copal which 
are of value, since the samples are all graded as 
to colour : 


No. 

Grade. 

Appearance. 

Melting-point 'C. 

Sp gr. 

Acid 

value. 

Sapon. 

value. 

Iodine 

value. 

Lower. 

Upper. 

1 

White 

Transparent white . 

120 

178 


100 

Ea 

104 

2 

> » 

Opaque white .... 

— 

— 

1-0585 

130 


82 

3 

ft 

Yellowish white, transparent 

110 

160 

1-0482 

117 

EPS’ 

73 

4 

it 

Pinkish white, transparent . 

110 

160 

'1-0459 

104 

130 

90 

5 

»» 

So-called “ black ’’ type 

108 

147 


— 

— 


6 

Dark 

Hark brown, much impurity 

135 

185 

Hiyiilli 

— 





7 

ft 

Dark brown, some impurity 

132 

185 

— 

98 

128 

70 

8 

ft 

Pale brown, transparent 

132 

183 

1-0498 

114 

150 

74 

9 

ft 

Brown, transparent . 

135 

190 

1-0633 

114 

150 

54 

10 

Amber 

Ivorine 

90 

135 

— 

84 

120 

59 

11 

,, 

Pale brown, white striations 

126 

160 

1-0486 

85 

150 

96 

12 

„ 

Brownish, opaque 

130 

167 

— 

90 

130 

14 

13 


Brown, chalky appearance . 

125 

195 

— 

79 

121 

no 

14 

ft 

Yellow opaque .... 

95 

145 

1-0550 

42 

59 

72 
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It will be Been that the analytical examination 
of copal must be regarded as quite subsidiary 
to the expert knowledge gamed by those 
accustomed to handle specimens of known 
origin. 

(3) Kauri gum or New Zealand copal is the 
product of Agathia australis (Fam. Araucariacea:), 
the fossil “ gum ” being dug from the sod. 
The tree is said to Live for over 3,000 years 

Kauri “gum” \anes greatly in quality, as 
some is found in fine, clear, bold pieces, some as 
small fragments, and some adherent to old tree 
stumps, from which it has to be extracted. 

This resin has the following characters : 


Moisture % . 2-5 

Ash % 0-0 2 

Acid value 60-80 

Saponification value 84—130 

Insoluble in C HC1,, % 2-20 

Iodine value 100-125 


Tschirch and his fellow workers have, aa with 
most of the copals, given formulae for various 
acids isolated from this resin, but the mo«t 
recent work on the subject is that of Ruzicka 
and Hosking (Annalen, 1929, 469, 147 ; Helv 
Chun. Acta, 1930, 13. 1402 , tbuL 1931, 
14, 203 They isolated a crystalline acid, 
Cj 0 H 3I) O4 8 , which they termed agathic- 
biearboxyhc acid (q t.) It is present in both 
New Zealand and Manila copals. An ether- 
soluble amorphous resin acid from Manila copal 
on dehydrogenation with selenium gave 1:2:5- 
tnmetbylnaphthalene, a hydrocarbon, C n H 2 . 
and retene, whilst agathic acid yielded 
pimanthrene but no retene 

(4) The East Indian and Manila copals, which 
include the copals from the islands of the South 
Pacific from Sumatra and the Malay Peninsula 
on the west to Celebes and the Philippine 
Islands on the east, are derived mostly from 
the living tree Agalhis alba. These copals have 
the following characters 

Acid value (of pure resin) . . 120-150 

Saponification value (of pure resin) 165-190 

Iodine value . . ... 90-120 

For the older views as to chemical composition, 
see Tschirch and Koch (Arch. Pharm. 1902, 
240, (3), 202) and Richmond (Philippine J. Sci. 
1910, 5. 177). 

Ruzicka, Steiger and Schmz (Helv. Cbim. 
Acta, 1926, 9, 962) have examined Manila copal 
and found it to consist of 80% of acids as 
follows : 

(i) A monobasic acid, C, 4 H 14 O f or Cj^HjjO, 

(u) A dibasic acid, C 2 jH a ,0 4 , apparently 
identical with Richmond's acid, 
C„H„0.. 

(ul) A dibasic acid, C (0 H (a O 4 . 

(5) The South American copals are probably 
derived from species of IJymencea, but arc not 
of great commercial importance. 

In general properties the copals vary in 
colour from white to jellow, red, brown and 
brownish-black ; their softening and melting- 
points and their specific gravities also vary. 
An excellent criterion of the value of copal is its 
hardness. Generally speaking the harder the 
copal the greater its value, but this does not 


always apply to kauri copal. The following 
table fairly represents the average hardness of 
copals taken in their order, with Zanzibar copal 
at the bead of the list : 

(1) Zanzibar. (8) White BengueU. 

(2) Mozambique. (9) Cameroon. 

(3) Lmdi. (10) Congo. 

(41 Red Angola. (11) Manila. 

(5) Pebble Copal. (12) White Angola. 

(6) Sierra Leone, old. (13) Kauri. 

(7) Yellow Benguela. (14) Sierra Leone, new. 

Copal is partially soluble in many organic 
solvents , for example, in alcohol, especially 
after it has been left to swell up in ether 
Bi't to convert copals into a completely soluble 
fojin it is necessary to heat them, sometimes 
even to tho point of destructive distillation at 
400°C., when the resin becomes soluble in tur- 
pentine or linseed oil. 

Many analytical values have been published 
fof copal in general. The following papers 
Vr.'WiM. bft. 'nnzr'JtJi'L . WiliaMS* 'fih/uth.Vtmi,, 
1888, 58, 224) ; Lippert and Reissiger (Z. 
angew. Cht-m. 1900, 13, 1047) ; Schmidt and 
Erban (Z. angew. Chem 1889, 1, 35) ; Worst all 
(J, Amer Chem. Soc 1903, 25, 800) ; Hellmckx 
(Dissertation, Louvain University, 1935). 

Iodine Value . — The most full examination of 
the iodine value is that of Woretall (fe.) and, 
for Congo copal, Hellmckx (le). Woretall 
gives the following values based on the HOW 
method . 

Type Maximum Minimum 

JCaun 170 74 

Manila 148 1M 

pontian&c . . . . 142 119 

Zanzibar . .... 123 115 

Mozambique .... 136 

Madagascar 126 

West African . . . .143 122 

Sierra Leone .... 105 102 

Brazilian 134 123 

E. J. P. 

COPALIN. High gate resin. A fossil resin 
found in the blue clay of Highgate Hill. 

CO-PIGMENTS. The influence of tannin 
m increasing the blue tone of anthocyanu 
flower pigments when they are in solution 
was first observed by Wills tatter and Zollinger 
(Annalen, 1916, 412, 212). The phenomenon 
was further studied by G. and R. Robinson 
(Rjochem. J. 1931, 25, 1687; 1932, 26, 1647), 
who discovered the importance and significance 
of not only tannins but of other_ colourless 
substances in flower colour variation. They 
termed all these compounds which turn attbo- 
cyanins blue “ co-pigments.” Typical co- 
pigment effects are seen in magenta and row- 
pitik Chinese primulas as compared with red and 
salmon ones, and in the purple inner petals of the 
fuchsia. _ h 

A co-pigment effect is visible in tiiro M * tl1 
as m tiro, but is lost at boiling-point or on 
extraction with an immiscible solvent, such ** 
amyl alcohol or ethyl acetate, and regamea 
on cooling or on reprecipitation of the co-pig® eD 
into the aqueous layer. 
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These compounds are specific in their action 
and exist for all types of anthocyanins, but with 
a few outstanding exceptions pelargonidin 
derivatives, especially 3-biosides, are not found 
to be greatly affected by co-pigments. The 
chief natural co-pigments appear to be the 
tannins and anthoxanthin (flavone and flavonol) 
glycosides. Experimenting with synthetic com- 
pounds, G. and R. Robinson found that while 2- 
liydroxyxanthone, papaverine and quinaldine 
act as strong co-pigments on specific antho- 
cyanins, 4-hydroxyxanthone, laudanosine and 
quinoline have very little action. They suggest 
that the phenomenon has little or nothing to 
do with salt formation, since it occurs in the 
presence of a large excess of mineral acid ; but 
is evidently the result of the formation of 
weak additive complexes which are dissociated 
at an elevated temperature or by the action of 
solvents. 

Co-pigments not only modify the colour of 
acid anthocyanin extracts, but they also have 
specific effects upon distribution numbers and 
upon the colour reactions with ferric chloride, 
sodium carbonate or sodium acetate. 

Robinson, Robinson and Robr-ts (Biochem. 
J. 1934, 28, 1712), using narcotine and papa- 
verine as co-pigments for oenin and clirysanthe- 
min, found that the extent of the depression of 
the normal distribution number (the partition 
value between amyl alcohol and aqueous acid) 
was correlated with the extent of the co-pigment 
effect. Papaverine was in both cases much 
more effective than narcotine. On plotting the 
log. curve for the distribution of oenin or 
chrysanthemin between amyl alcohol and water 
at various concentrations a slope of 1 instead of 
2 was obtained when excess papaverine was 
present. Since it had already been deduced 
by Levy and Robinson (J.C.S. 1931, 2720) 
that in aqueous solution anthocyanins were 
associated as double molecules, while they were 
single in the bluer amyl alcohol layer, these 
results with co-pigmented extracts point to the 
breaking up of the double molecules by a 
combination between alkaloid and anthocyanin, 
thus giving the distribution and blueing effect 
compatible with single molecules. When com- 
pared over a large range of p R values, co- 
pigmented anthocyanins are always found to be 
bluer than the normal pigment (c/. Buxton, 
J. Genetics, 1932). - 

The researches (Robinson et al.) upon the 
marked specificity of co-pigment action were 
followed by Lawrence’s observations (Nature, 
1932, 129, 834) upon co-pigmentation in Dahlia, 
and upon the remarkable variation in the 
specific effects of various crude ivory antho- 
xanthin extracts upon a number of natural 
anthocyanins (see Scott-Moncrieff, J. Genetics, 
1936, 32, 117). The effect of these ivory 
pigments upon malvidin 3-monoglycoside was 
extreme ; with cyanin the effect was strong 
but not so marked, while pelargonin was only 
slightly modified. Moreover, each anthocyanin 
was modified in a different degree by each of the 
anthoxanthin extracts. 

Since the production of antlioxanthins and of 
anthocyanins is inversely correlated, a co- 
pigmented magenta or blue flower is necessarily 
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paler in colour than the corresponding red or 
purple unco-pigmented variety (Lawrence and 
Scott-Moncrieff, J. Genetics, 1935, 30, 155). 

R. S.-M. 

COPPER (Fr. Cuivre ; Ger. Kupfer). 
Sym. Cu, at. wt. 63-57, at. no. 29, isotopes 
63, 65. 

Occurrence. — Copper occurs in the nativo 
state in many localities and is widely distributed 
as compounds of the metal, the following being 
the most important minerals from which it is 
extracted: native copper, sometimes associated 
with silver and bismuth; oxides, cuprite Cu 2 0, 
tenorite or melaconite CuO ; sulphides, chalco- 
pyrite or copper pyrites Cu 2 S,Fe 2 S 3 , chalcocite or 
copper glance Cu 2 S, covellile CuS, bornite or 
erubescite Cu E FeS 4 ; double sulphides with 
antimony or arsenic, tetrahedrite 4Cu 2 S,Sb 2 S 3 , 
ten«anh7c4Cu 2 S,As 2 S 3 ,/ama(im7e3Cu 2 S,Sb 2 S 5 , 
enargile 3Cu 2 S,As 2 S 5 , bournonite, 

3(PbCu 2 )S,Sb 2 S 3 ; 

sulphate, chalcanthite or copper vitriol 
CuS 0 4 ,5H 2 0; carbonates, malachite 
CuC0 3 ,Cu(0H) 2 , azurite, 20uCO 3 ,Cu (OH) 2 ; 
silicates, chrysocolla Cu0,Si0 2 ,2H 2 0, diopiase 
Cu0,Si0 2 ,H 2 0 ; chloride, atacamite, 

CuCI 2 ,3Cu(OH) 2 . 

The importance of the several species of ores 
in the above list varies very much with the 
locality. Thus, while native copper occurs 
to a considerable extent in the Lake Superior 
district of North America and at Monte Catini, 
Italy, and is worked for the metal, and atacamite 
occurs and is worked at Los Remolinos and the 
Atacama Desert, South America, these minerals 
would in other localities be looked upon as rather 
rare, and ns occurring only in tho zone of 
weathering of copper lodes. So also in the case 
of malachite, this mineral, as an ore of copper, 
has been seldom worked except in small quan- 
tities in the upper and oxidised portions of some 
copper lodes, yet in the case of the once 
celebrated Burra Burra mine in South Australia 
and at Nishni-Tagilsk in Siberia it formed the 
bulk of the ore produced, and very large 
quantities have been obtained from these 
districts. The most remarkable deposit of 
malachite is that of the Katanga region of the 
Belgian Congo and the adjacent part of Northern 
Rhodesia; this is a most important field for 
copper and produced over a quarter of a million 
tons of the metal in 1936; the minerals are 
malachite, azurite, chrysocolla, melaconite, 
chalcocite, together with, at some mines, 
chalcopyrite and bornite ; chalcopyrite and 
other sulphides are encountered at depth. 

Chalcopyrite is the principal commercial 
source of copper and occurs in a number of 
ways, the most important of which are hydro- 
thermal veins as in California, Montana, Arizona, 
Alaska, and Canada, pyrometasomatic deposits 
in which the chalcopyrite occurs with other 
sulphides at or near the contact between 
bodies of intrusive rock and limestone as 
Clifton-Morenci and Bisbee, Arizona ; Bingham, 
Utah ; Alaska, Canada, Australia, Japan, and 
Korea. Chalcopyrite associated with bornite 
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occurs in the Kupferschiefer at Jlansfeld, 
German)', where the copper minerals occur aa 
plains in a shale and are of sedimentary origin 
deposited at the same time as the shale. 

The world’s production of copper is about I j 
million tons per annum, of which the United 
States, Chili, and the Katanga area of the 
Belgian Congo and Rhodesia each produce about 
one-fifth. Copper ores frequently cany a 
low percentage of copper, thus some ores worked 
at a profit carry only 0 5% of the metal, and 
the average content is probably about 2 0%. 
The ore reserves of the Nchanga Consolidated 
Copper Mines of Northern Rhodesia are estimated 
at about 1 28 million tons having ft copper content 
of 4 66%. The Nchanga West portion of this 
total is 41 million tons which includes 5 £ million 
tons containing 17% copper. The importance 
of the Northern Rhodesia deposits can be 
realised from the fact that in 1936 the ore 
reserves were reported as 600 million tons, 
with an average content of 4 11% copper 
(Parker and Gray, Trans. Inst. Win. Met. 1936, 
45, 330) 

Extraction. 

Generally speaking, m all copper ore deposits 
a certain amount of oxidised material is found 
in the portions near the surface, bnt as depth 
is attained and almost invariably at or about 
the level at which water is reached, tbo copper- 
beanng minerals change and the oxidised 
minerals give place to sulphide minerals, 
and these finally to cbalcopynte intimately 
mixed with varying proportions of pyrite. 
Chalcopyrite thus diluted down with pyrite, 
pyrotite, etc, forms the ore from which the 
greater proportion of the world’s copper supply 
is derived, and the bulk of the material treated 
at smelting works generally. Such ore some- 
times contains appreciable quantities of gold 
and silver. The silver is frequently carried by 
intermixed fahl ore, but also in many instances 
by the pyntic mixture in which distinct silver- 
hearing minerals are not observable. The ores 
as mined generally contain only small percen- 
tages of copper, frequently not more than 1%, 
and are submitted to some form of concentra- 
tion, the most important being flotation pro- 
cesses by means of which a concentrate is 
obtained much richer in copper and more 
suitable for treatment and a tailing containing 
very little copper, which can he discarded. 

The actual extraction of the metal and 
production of copper in the metallic state is 
earned out by one of two distinct types of 
process ; one of these, by far the most impor- 
tant because of its very general application, 
treats the ore by smelting and is known aa tho 
dry method. Tho other— of only limited 
application— treats the material with solvents, 
thus obtaining the topper in solutions, from 
which it is recovered by suitable means, these 
processes are known as wet methods. 

The main consideration which has to be 
taken into account m deciding whether a dry or 
a wet method is best for any given ore is the 
nature of the ore itself, but other considerations 
include the locality of the ore deposit, and this 


includes the availability of suitable fuel supplies 
water supply, suitable labour, and other require^ 
ments. 

Dry Methods.— These methods are suitable 
for ores m which the copper is present as 
sulphide, and the object of tbo first stage 
of the smelting process is to obtain the copper 
in a concentrated form in the first product of 
smelting. For this purpose the ore is i melted 
under oxidising conditions in such a way as to 
produce as the main product a “ matte ” or 
“ regulus ” which consists of cuprous sulphide, 
CujS, and iron sulphide, FeS, in varying 
proportions, together with sulphides of certain 
other metals which may be present in the ore. 
Practically the whole of the copper present m 
the ore thus passes into the matte and a second 
product containing only traces of copper, 
slag, is also formed. The slag consists of 
the silica originally present in the ore, com- 
bined with oxide of iron formed by the oxidation 
of part of the iron sulphide present together 
with earthy bases also present or with lime added 
to the charge. The slag is thus mainly com- 
posed of iron silicate, and owmg to its lower 
specific gravity separates easily from ths 
matte and is removed to the slag dump. 

Having thus concentrated the copper in the 
matte, the second stage of the process consists 
ui the decomposition of this matte in such a 
manner as to eliminate the iron and sulphur' 
and, as far as possible, other metallic elements 
which may be present and to yield the copper 
in the metallic state. For this purpose complete 
oxidation of the iron sulphide present and the 
combination of the oxide of iron formed with 
silica to form a slag is carried out, together 
with partial oxidation of the cuprous sulphide 
and subsequent reaction of copper solphide 
and oxide yielding metallic copper. This is not 
sufficiently pure for the market aa it 
contain small quantities of impurities originally 
present in the ore and it may also contain 
gold and silver worth recovering. This impure 
copper fa commonly known as blister copper, 
from the fact that large blisters are found on 
the surface of the pigs of copper, formed by the 
evolution of sulphur dioxide from the metal 
during its solidification. 

The final process therefore consists in the 
refining of the copper prodqced as above, or 
in removing as far as practicable the small 
quantities of such elements as may still be 
present which would either injuriously affect the 
metal for manufacturing purposes or be of 
sufficient value to be worth separating. 

The treatment of the ore involves, therefore, 
three distinct operations : 

1. Smelting the ore with the production of 
matte and slag. 

2. Treatment of the matte for the production 
of crude copper. 

3. Refining the erode copper. 

1. Smelting the Ore with the Production 
ox Matte and Slao. — The object of this process 
being the concentration of the copper in the 
matte, the chief considerations kept, in vie* 
are the production of a matte as rich in coppff 
and a slag as poor in copper as fa practically 
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and economically possible. The desired grade 
of matte for subsequent treatment having been 
decided upon, the smelter regulates this by 
suitably proportioning the sulphur in the 
charge to be treated so that there shall be 
sufficient to form Cu 2 S -with all the copper 
present and a further quantity to form FeS 
with some of the iron present so that the matte 
produced shall contain the required percentage 
of copper. From these considerations it will 
be seen that the factor which regulates the 
grade of the matte is the proportion of sulphur 
to copper present in the ore mixture to be 
smelted. When smelting purely pyritic ores or 
concentrates it frequently happens that the 
quantity of sulphur present is considerably in 
excess of requirements, and if smelted direct 
would result in a low grade of matte, so that 
the production of the most suitable grade 
necessitates the removal of this excess of 
sulphur by a preliminary operation known as 
“ calcining” or more properly “ roasting.” 

This process consists in subjecting the ore 
to a dull red heat under oxidising conditions so 
that the sulphur combines with oxygen derived 
from air admitted and in contact with the 
ore with the production of sulphur dioxide, which 
is generally used for the manufacture of sulphuric 
acid, while oxide of iron and oxide of copper to 
some extent are formed at the same time. 

The method of carrying out this roasting 
process depends upon the nature of tho ore 
and also upon tho locality; thus it may be 
roasted : 

(а) In the rough or lump form — in pieces from 
|-in. cube upwards ; or 

(б) In tho finely divided state or as concentrates 
obtained by preliminaiy mechanical washing of 
the ore or by flotation. 

Under (a ) : Copper ores wero formerly 
roasted in heaps in the open air by starting 
the combustion by means of wood, the com- 
bustion being maintained by the sulphur 
in the ore. It is evident that there must be 
objections to this method owing to the con- 
tamination of the atmosphere with sulphur 
dioxide, and there are few localities where such 
a method would now bo tolerated. As an 
improvement on heap roasting, stalls and 
kilns have previously also been used ; these 
consisted of series of chambers built back to 
back, suitable flues being arranged to carry the 
fumes to a chimney stack. An improvement 
on these methods consisted of the use of 
“ burners ” or closed chambers similar to those 
used for burning pyrites in sulphuric acid works, 
the sulphur dioxide being used for the manu- 
facture of sulphuric acid. 

Under (6) : Finely divided copper ores were 
formerly roasted in long-bedded reverberatory 
furnaces to which a firebox was attached 
at one end and an exit for the gases at the other 
end. The ore was dropped from a hopper 
through an opening in the roof on to the bed 
at the flue end of tho furnace, where it was 
spread out by suitable tools worked by hand. 
The conditions in the furnace were intensly 
oxidising and the charge was slowly moved 
from the flue end to the firebox end by the 
workmen, losing sulphur on its way, and finally 
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being discharged through openings in the bed 
into vaults or chambers placed below. The 
labour required on these furnaces was very 
heavy and the output small, so that they have 
now been displaced by other methods of roasting, 
including those in which the ore is stirred, 
moved forward, and discharged by mechanical 
means operated by power. 

Several forms of straight-hearth mechanical 
furnaces have been used similar in principle to 
the hand calciner. For example, one such 
calciner consists of a flat bed, 100 ft. or more 
in length, covered with an arch. At the cool 
end is the inlet for the ore and at the opposite 
end is the outlet. At the hot end also, but on 
the side of the furnace, is a firebox with its 
inlet to the furnace constructed in the roof of 
the latter. Other similar fireboxes are placed 
along the length of the furnace, and at the cool 
end is the flue for carrying off tho gases. A 
channel is constructed in the side wallB of 
the furnace in which rails are laid and suitable 
carriages with wheels resting on the rails 
stretch across the furnace, to these ploughs 
are attached which, passing through the 
furnace, turn over and mix the ore and at tho 
same time carry it forward. Tho carriages 
and ploughs are moved by a pair of endless chains 
which cause them to travel through the furnace 
in one direction and to return in the other 
direction under the furnace bed. Each time the 
carriage enters the furnace it takes in with it a 
portion of ore or concentrate to be roasted and 
each time it leaves tho furnace it carries out a 
similar portion of roasted product. 

The McDougall furnace (Fig. 1) is typical of 
the class of roaster largely used at the present 
time. This consists of a series of flat, circular, 
superimposed firebrick hearths enclosed in a 
brick-lined cylinder of steel plate. An iron 
shaft passes centrally up the cylinder through 
openings in the several hearths and is caused to 
revolve by suitable gearing attached to one end. 
This shaft is cooled by water or air. Arms are 
attached to this shaft above each bed. These 
arms extend from the shaft to tho periphery 
of the circular beds and have attached to 
them a series of ploughs set at a slight angle to 
the arm. The ore is fed from a hopper on 
to the top bed near the outside and as the arms 
revolve they turn the ore over and gradually 
move it from the outside to the centre of the 
bed. At this point is an opening through which 
the ore falls on to the second bed. On this 
bed the ploughs are so set on the arms that the 
ore travels in the reverse direction and is drawn 
to the outside of the bed. Here it discharges 
on to the third bed and so on until it passes 
out at the bottom of the furnace. Arrangements 
are made for the charging of this hot roasted 
material into reverberatory furnaces with as 
little fall in temperature as possible, leading 
to economy in fuel. The openings through 
which the ore falls from one bed to the other 
serve as flues through which the gases pass 
upwards through the furnace, finally escaping 
through a flue above the top bed to the sulphuric 
acid plant. Attached to the lowest bed is a 
firebox by which the furnace is heated up in 
order to start the roasting; after onfce being 
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started, little or no fuel is required, as tho j 
oxidation of the ore provides sufficient heat 
throughout the apparatus ; a partial removal of 
sulphur is all that is required. 

Another method of removing the excess , 
sulphur which has been used is known as “ pot 
roasting ” or “ blast roasting." This method 
has been applied to concentrates and fines and, 
while it eliminates the sulphur, the heat attained 
is at the same time sufficiently intense to cause 
the ore to partially melt or sinter together, 
forming a mass which requires to be broken 
up but is suitable for blaat-fumace treatment. 



The process is carried out in a similar manner 
to that used in the treatment of lead and zinc 
ores hut is little used in the metallurgy of 
copper. 

After the sulphur in the ore mixture has been 
reduced to the requisite amount it is ready to be 
smelted. For this operation one of two 
distinctly different types of furnace is used. 
These are: (i) blastfurnace; (u) reverberatory 
furnace. 

The choice between these methods of smelting 
depends on ft variety of circumstances, all of 
which must have proper consideration, but tho 
following are the chief point*, viz. : if the ore 
to be smelted is in the state of concentrates as 


most of tho material is at the present time 
owing to the development of concentrating 
methods and especially of flotation processes, 
it is generally unsuitable for blast furnace 
treatment, while it is eminently suitable for the 
reverberatory furnace. On the other hand, 
rough ore is unsuitable for reverberatory 
furnace smelting, and for this blast furnaces ate 
used Certain ores which carry gold and 
ailvec in the gangue minerals and ores which 
contain both sulphide and oxidised minerals of 
copper arc best treated itt blast furnaces. 
During the smelting of tho former, the precious 
metals will pass into the matte formed and will 
be carried into the metallic copper obtained, 
from which they are easily recovered during 
electrolytic refining 

(i) Blast Furnace Smelling — The furnace used 
is constructed with water cooled walls of steel 
plate, each section of which is termed a jacket 
and is generally rectangular in shape. As the 
working of thi9 type of furnace is dependent 
upon an air blast projected into the interior, 
the width of the fumaco is limited by the 
strength of the blast which is required to 
penetrate the charge from the sides to tho centre 
of the furnace, while tho length of the furnace 
is only limited by the capacity required. The 
increase in length is obtained by clamping 
together two or more of the jackets on each 
side, thus extending tho longer axis of the 
furnace 

The jackets stand on a thick cast iron plate 
carried on iron supports. In some cases, as in 
Fig 2, these jackets are only used m the lower 
part of tho furnace, tho upper part being 
constructed of bnck, but the brickwork is now 
generally replaced with a second tier of jackets 
reaching up to tho feed floor. Above the 
feed floor the fumaco is continued in the form 
of a covcred-in bnck chamber with lifting 
doors for charging and an outlet for the waste 
gases. The charge consists of a proper mixture 
of ore — either raw, raw and calcined, or partially 
calcined — flux, cither limestone or siheious 
material, and tho necessary amount of coke 
required to form a suitable smelting mixture 
On the lower floor the furnace is provided with 
spouts through which the molten products of 
the furnace flow. The side jackets of the 
furnace are provided with circular openings 
forming a horizontal line of openings on each 
side of the furnace through which the tuyires 
pass for the admission of the blast. The blast 
at a suitable pressure is generated by a blowing 
engine and a plentiful supply of water is circu- 
lated through all the j'ackets, tho overflow pipes 
carrying away the hot water. 

The products of the smelting operation carried 
out in this furnace flow out through a spout into 
the settler. This settler consists of a tank, 
constructed of steel plates lined with refractory 
material placed in position under the spout. 
It may be 10 ft. or more jn diameter and i* 
provided with a Blag spout near the top and a 
tap hole near the bottom. In this vessel a 
separation of the matte and slag takes place; 
the matte having the higher specific gravity fall® 
to the bottom and the lighter slag rises to the 
top, whence it overflows through the slag notch 


COPPER. 345 


into suitable pots provided for its removal 
to the slag dump. From time to time the matte 
is tapped off through the tap hole at the bottom 
of the settler for further treatment. The work- 
ing of this type of furnace proceeds con- 
tinuously, fresh ore mixture and coke being 
charged at short intervals while a constant flow 
of matte and slag passes out through the 
spout into the settler. 

Pyritic Smelling . — This method of working in 
the blast furnace secures in 'one operation that 
which in the preceding description is attained in 
two processes carried out in separate furnaces. 
In pyritic smelting the high temperature 
necessary to carry on the smelting is derived 
from the oxidation of the sulphur and iron 



(chiefly the latter) contained in the ore itself. 
While this method of working without coke as a 
fuel is . of the highest importance from an 
economical point of view, it is of limited applica- 
tion owing to the fact that comparatively few 
mines produce ore which, as regards its physical 
and chemical constitution, is suitable for this 
method of treatment. In working the process 
it is found advantageous to use from 1 to 3% 
coke instead of the 10 to 12% used in the ordinary 
blast-furnace method of smelting roasted ore. 
A small amount of coke used alters the process 
to a partial pyritic smelting, and is found to be 
desirable in order to keep the charge open. 

In the Mt. Lyell smelter practice the flotation 
concentrate carrying 26% copper and 12% 
moisture is charged direct to the blast furnace 


without drying, roasting, or sintering. The 
blast-furnace treatment of this fine material has 
necessitated the introduction of an efficient 
dust-collecting system in which 30 tons of dust 
per day, containing 25% copper, are obtained. 
ThiB dust is incorporated with the concentrate 
pulp prior to filtration, and so is returned 
to the blast furnace (J. N. Greenwood, Proc. 
Austral. Inst. Min. Met. 1936, No. 103, 225). 

(ii) Jleverberalory -Furnace Smelling . — The fur- 
nace used in this process is essentially different 
both in construction and in method of working 
from the blast furnace. Instead of the fuel — • 
coke — being burnt in contact with the materials 
to he smelted and the combustion being carried 
on by means of an air blast, the material to be 
smelted occupies one compartment of the 
furnace while the fuel, if lump coal be used, is 
burnt in another. The draught required for the 
combustion of the fuel is quite moderate and is 
obtained by a chimney of suitable height and 
area. The use of lump coal firing has given way 
almost entirely to the use of pulverised coal 
or oil fuel which is introduced through 
suitable burners. The working bed of the furnace 
in plan is a parallelogram. At one end and 
separated from it by a low partition is the 
firebox or space for necessary burners. At the 
opposite end is the outlet flue connecting with 
the chimney. A brink arch extends from the 
firebox end to the flue and covers the furnace 
from side wall to side wall. The side walls 
of the furnace contain a number of openings 
used in working the process for spreading the 
ore charge, drawing off the slag, etc., and one or 
more tap holes are provided for tapping the 
matte (Fig. 3). 

The furnace walls and roof are constructed of 
highly refractory bricks with an outside casing 
of ordinary bricks, and the whole is bound 
together with steel girders placed vertically 
and tied together by rods. The charging of 
this furnace takes place from hoppers situated 
above openings in the roof near the side 
walls and extending half the length of the 
furnace from the firing end, and hot, partially 
roasted concentrate is 'often used. The charge 
melts down and reactions take place between 
oxide of copper and sulphide of iron present 
whereby’ the whole of the copper is converted 
into sulphide, according to the equation : 

Cu 2 0+ FeS=Cu 2 S+ FeO. 

The oxide of iron thus formed, together with 
that already in the roasted charge, combines 
with the silica in the roasted concentrates, and 
in the converter slags added to the charge for 
copper recovery, together with silica added to 
the charge to provide the correct amount 
necessary for slag formation. The copper 
matte containing all the copper present as 
sulphide together with any excess ferrous 
sulphide forms a layer on the bottom of the 
furnace, and the slag, being of lower specific 
gravity, floats on the top. The slag is skimmed 
from the top of the charge and the matte 
removed from the tap hole as required. 

Furnaces 147 ft. long by 23 ft. wide have 
been used in Anaconda, and with five coal-dust 
burners per furnace, 760 tons of charge have been 
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smelted in 24 hours with a consumption of firms tbo view that heat transfer in a rever. 
100 tons of coal dust. beratory furnace is mainly by radiation. The 

In pulverised coal or oil firing, the fuel is shape of the furnace has undergone a gradual 
burnt to give as short a flame aff possible and the change to allow the rapid evacuation of the 
result is a high temperature peak in the furnace, combustion gases without unnecessary draught. 
The resulting increased tonnage smelted con- the furnace being run on something approaching 



a balanced draught. The reactions taking matte suitable for recovery of copper and a 
place In reverberatory furnaces, especially slag of easy fusibility and as low in copper as 
thc®o between iron sulphide, sulphur dioxide, possible. 

and copper oiidcs, hare been studied by A. C. 2. Treatment or the Matte tor the 
Balferdahl (Ind. Eng. Chcm. 1930, 22, 956). Production or Crude Copter — It has already 
Tho object to bo attained in this operation been pointed out that tho matlo consists of 
in the reverberatory furnace is the same as in cuprous sulphide Cu-S, with varying proportions 
the blast furnace, viz. the production of a of ferrous sulphide, FeS, and the further treat- 
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ment of this matte involves the elimination 
of the sulphur and iron, leaving the copper in 
the metallic state. This operation was formerly 
carried out in two stages in two or more separate 
furnaces ; the first stage consisted in removing 
the FeS and obtaining fairly pure Cu 2 S or 
white metal and involved the partial roastmg of 
the matte leaving only sufficient sulphur to 
combine with the copper, and the remelting of 
the whole with silica to form a slag with the 
whole of the iron present. The second stage 
consisted in partially roasting the white metal 
untd a certain amount of copper oxide was 
formed and remelting the whole together, 
causing the following reactions to take place : 

Cu 2 S+2Cu„0=6Cu + S0 2 

Cu 2 S+2CuO =4Cu + S0 2 

The first reaction is the most important as 
representing the change which takes place in 
the largest proportion of the material. These 


processes were mainly carried out in reverbera- 
tory furnaces. 

The reactions indicated above are now 
practically always brought about by the 
“ converter ” or “ Bessemer ” process. 

The converter consists of a vessel formed of 
steel plate with a lining of basic material, 
magnesite bricks, or burnt magnesite. Formerly, 
a silicious lining was used which took part in 
the reactions by supplying the silica for the 
formation of the slag with the ferrous oxide 
formed. This method necessitated the frequent 
relining of the converters, which became expen- 
sive, so that basic-lined converters are now 
practically always used, the necessary silica 
being supplied for each charge. The form of 
the vessel is more or less cylindrical with the 
axis of the cylinder placed either horizontally or 
vertically. In the horizontal form the con- 
verter is somewhat barrel-shaped, and a hori- 
zontal airbox is attached to one side of the 
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vessel for the supply of air to the charge. In the 
vertical form (Fig. 4) a shallow circular airbox is 
attached on the outside at the bottom of the 
vessel. Air at a suitable pressure is supplied 
to the airboxes as required and the supply is 
controlled by suitable valves. The vessel is 
supported on trunnions or friction rollers and is 
capable of being rotated by electric or hydraulic 
power. The vessel is provided with a suitable 
aperture serving the purpose of a charging open- 
ing through which the matte to be treated is 
poured in a molten condition, also of an outlet 
through which the products of the operation are 
poured, as well as being an escape for the gases 
produced in the process. Charging of the con- 
verter with matte is effected by means of a 
launder direct from the furnace or settler or by 
tapping these first into a ladle handled by an 
overhead crane which conveys it to the con- 
verter. 

In the case of a basic-lined converter, after 
drying and heating up the lining, a charge of 
molten matte is poured in together with the 
necessary silica to flux the oxide of iron, the 


converter having been tilted into a suitable 
position for receiving it. The blast is then 
turned on and the converter tilted over so that 
the tuyeres are brought beneath the surface of 
the matte and the air, being forced through the 
molten sulphides, causes a rapid oxidation of 
both constituents of the ferrous sulphide. 
The sulphur is oxidised to sulphur dioxide and 
the iron to ferrous oxide, which is immediately 
converted into slag by combination with the 
silica present, forming ferrous silicate. As the 
oxidation proceeds, the temperature of tho 
charge increases and the operation is continued 
until practically the whole of the iron sulphide 
has been oxidised and the contents of the con- 
verter consist of cuprous sulphide and slag. 
The converter is now turned over and the slag 
run off into ladles and returned for re-treatment 
in matte furnaces for the recovery of the copper 
it contains. After pouring off the slag, the 
converter is again turned into the blowing 
position when the second stage of the oxidation 
is commenced. The passage of the air through 
the molten cuprous sulphide brings about the 
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oxidation of a portion of that material to 
cuprous oxide which immediately reacts with 
unaltered cuprous sulphide producing an 
equivalent quantity of metallic copper m 
accordance with the reactions already given. 
Thi3 action continues until all the cuprous 
sulphide ha3 been decomposed and the contents 
of the converter consist of metallic copper, 
any email quantity of slag on the surface of 
the copper is skimmed off for retreatment. 
The metallic copper is then poured by tilting 
the converter. As soon as the copper has been 
poured, the converter is ready to receiv e another 
charge and the operations are repeated. 

V«y large basic lined converters are now being 
used, and the first stage is often carried out by 
several separate additions of matte For 
example, 30 to 40 tons of matte may bo poured 
into the converter followed by 3 tons of silicious 
Ore which may itself be cupriferous The bloat 
is then turned on, for the first fen minutes a 
pressure of only 6 lb. is used, and after the 
matte and silica have thoroughly intermingled, 
the blast pressure is increased to about 13 lb 
per sq in When the silica has been fluxed by 
the iron oxide the converter is turned down 
and the slag poured off A further charge of 
10 tons of matte and sufficient silicious ore 
is now added and the blow resumed This 
removal of slag and additions of matte and 
silica are continued until sufficient white metal 
or cuprous sulphide has accumulated m the 
converter to be blown to metal in the usual 
way. 

For normal converter pract.ce matte contain i 
ing 40-45% copper is desired, but the eon I 
version of low-grado matte containing 22% : 
Cu, 45% Fe. 24% S is described by H. R 
Potts (Trans. Inst. Min. Met 1928-29, 38. 431) 
The charge per blow consists of 21 tons matte, 
4 tons flux, anil 3 tons copper precipitate from 
another process The charge is blown in a 
magnesite lined converter, a temperature of 
1,400° being maintained The blister copper 
obtained neighs about 5 tons per blow and 
about 22 tons of slag high m magnetic oxide, 
and containing 3 4% Cu,S and 0 5% Cu t O are 
formed. 

3. Rrmiva — The method of treatment to be 
adopted in this operation depends upon whether 
(a) the copper is practically free from gold and 
silver and from excessive amounts of deleterious 
elements, or (6) the copper contains appreciable i 
quantities of gold and silver or contains undue | 
quantities of deleterious elements 

If the metallic copper produced by the 
operations described under (1) and (2) comes 
under the description (a) above, it can bo 
refined by furnace treatment only; if it comes 
under (b) it must bo refined electrolytically 
in order to recover the gold and silver or to 
obtain it free from the impurities, and tho 
electrodes of purified copper are then treated in a 
refining furnace. 

Under (a) the furnace employed is of the 
reverberatory type, and the removal of the 
impurities is effected by slowly melting the pigs 
of copper under highly oxidising conditions 
and maintaining this condition until the 
impurities are oxidised and removed, either by 


volatilisation or by passing as oxides into the 
copper silicate slag formed. The oxidation of 
the impurities is facilitated by the fact that 
metalb c copper has the property of dissolving a 
small proportion of cuprous oxide, which com- 
pound is brought into contact with the elements 
to be oxidised under very favourable conditions 
of fluidity. 

The oxidising condition of tho bath of molten 
copper is maintained until the impurities are 
removed as far as practicable, and the copper 
contains a maximum quantity of dissolved 
cuprous oxide In this condition a cast ingot 
shows a depression on the surface and the 
product is known as “ under-poled " or “ dry ” 
copper After remox al of the slag the next 
stage consists in reducing the greater portion 
of the dissolved cuprous oxide by covering the 
surface with carbon and depressing poles of 
green wood below the surface of the metal, 
when considerable agitation takes place, and the 
cuprous oxide is subjected to the reducing action 
of the gases given off by the pole This process 
is continued until only a email quantity of 
cuprous oxide remains and tho copper attains 
the physical condition known as “ tough pitch,” 
when it is ladled out into moulds of any required 
shape or run out into a large ladle and thence 
into mould' In this condition the ingots have 
a fairly flat surface If the poling be carried on 
too long, so that the whole of the oxide present 
is reduced, the ingots show a rising along the 
centre of the top and the metal is known ns 
“ over poled ’’ 

The largest refinery plant in this country is 
at Pre9cot, where copper is refined for British 
Insulated Cables, Ltd , from blister copper 
imported from Roan Antelope Copper Mines, 
Ltd. The reverberatory furnaces used are 
33 ft long, 13 ft wide (hearth size) and of 190 
tons capacity, pulverised coal being used as 
fuel. Waste heat boilers are pliced at the 
exhaust end and reduce the temperature of 
the waste gases to 200°. Fuel consumption 
for refining and steam raising amounts to 14% 
of the metal cast, as compared with 60% for 
refining only, in the smaller furnaces (Mining 
J. J938, 201, 452) 

Under (6) the copper is refined electrolytically. 
This process depends for its operation upon tho 
fact that if nn electric current is caused to 
pass through a solution of copper sulphate, 
the copper m tho solution is deposited nt tho 
cathode wlulo acid is set free at the anode. 
If the anode is composed of metallic copper, 
then tho acid sot free at its surface immediately 
dissolves an equivalent portion of copper which 
passes into solution and is, in turn, deposited 
at the cathode, and the process thus becomes 
continuous so long as tho current passes and 
there is copper at the anode to bo dissolved. 
Assuming that the copper sulphate solution is 
properly made up and maintained, and tho 
voltage and current are suitably adjusted, 
then only copper will be deposited at the cathode, 
while the gold and silver and all the impuntit* 
contained in the copper anodes will either 
remain as insoluble slime collected at the 
bottom of the v essel in which the operation » 
conducted or will pass into tho electrolyte. 
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Gold, silver, and lead pass entirely into the 
slime ; other elements, such as iron, zinc, and 
nickel, pass wholly into the solution, and others 
are to be found partly in the slime and partly 
in the electrolyte. The cathode surface to 
start with is a very thin sheet of electro- 
deposited copper, and when sufficient copper has 
been deposited on its surface it is removed 
from the bath and is melted down in reverbera- 
tory or other furnaces. The copper to be 
refined is cast into anode plates about 36 in. 
square and 2 to 3 in. thick, and a number of 
these are hung in a lead-lined wooden tank 
and are suitably connected to the positive 
pole of the electric supply. Alternating with 
these anode plates are hung the cathode sheets 
connected with the negative pole. There are 
two methods of connecting up, viz. “ in series,” 
in which the anodes and cathodes are connected 
in pairs, and “ in parallel,” in which all the 
cathodes are connected with the positive pole 
of the circuit and all the anodes with the 
negative pole. The parallel system is now 
generally used. There has been a tendency 
towards more acid electrolytes than formerly, 
180-220 g. of free sulphuric acid with 35-43 g. 
of copper per litre being quite common practice. 
The current density used varies from 1-45 to 
3 amp. /dm.- The influences of temperature 
and composition of the electrolyte on the resist- 
ance and on the anodic and cathodic polarisa- 
tion have been determined by E. W. Rouse 
and P. K. Aubol (Trans. Electrochem. Soc. 
1927, 52, 189). The results show that there is 
a decided drop in the cell voltage with rise in 
temperature and with increase in acidity. The 
addition of glue raises the cathodic polarisation, 
10 mg. per litre raising the total cell voltage by 
60%. The electrolyte is caused to circulate 
and after it has been used for some time, a 
certain proportion must bo removed regularly 
for purification. A quantity of anode copper 
remains undissolved, and when the tank is to be 
cleaned, this is taken out for remelting and 
casting into new anodes ; the solution is run 
off and the slime is removed. This latter is 
washed and dried, any large particles of copper 
are removed by sieving, and the fine slime is 
then treated for the recovery of any gold and 
silver it may contain. 

Wet Methods. — With certain ores and 
residues and under certain conditions, wet 
methods of extracting copper may be more 
suitable than smelting methods, and extensive 
plant are in operation in which new methods 
or modifications of the old methods are used. 

The wet extraction of copper consists of leach- 
ing the ore with a suitable solvent either in the 
natural condition or after roasting and in a 
suitable state of sub-division, in heaps or in 
vats fitted with false bottoms and precipitating 
the copper from the solution by various methods. 
Wet processes are specially suitable for the 
treatment of low-grade oxidised ore and for 
oxidised tailings, but have also been successfully 
applied to the treatment of material containing 
the copper as sulphide. 

At Rio Tinto the massive cupriferous pyrites 
are treated as mined ; large heaps of the mineral 
are allowed to oxidise slowly under the action of 


air and moisture and the copper sulphate thus 
formed is washed out and the copper precipi- 
tated on metallic iron. 

In some cases dilute sulphuric acid leaching 
with subsequent precipitation of the copper on 
iron or by electrolysis is followed but for this 
to be successful the copper minerals must be 
readily soluble in the acid and the gangue 
minerals must be insoluble. When carbonates 
of lime and magnesia are present sulphuric acid 
leaching cannot be used. When sulphurio 
acid leaching is used followed by electrolytio 
deposition of the copper the regeneration of 
the sulphuric acid yields a solvent suitable for 
further leaching operations. 

Dilute solutions of ammonia associated with 
ammonium salts have been used as leaching 
liquors, as oxide of copper is soluble in such 
solutions forming copper ammonium compounds, 
and solutions of cupric ammonium compounds 
are capable of dissolving metallic copper, 
yielding cuprous ammonium compounds which 
are oxidised to cupric compounds by air or other 
oxidising agents. On distillation the copper 
ammonium solutions yield ammonia which can 
be used again and copper oxide which is 
reduced to metallic copper in reverberatory 
furnaces. 

The method has been used at the Bwana 
M*Kubwa mine in N. Rhodesia, where the 
crushed ore is heated to 350° in a gas-fired , 
rotary tube furnace, the product being passed 
to a closed chamber where it meets a current of 
producer gas which reduces the copper com- 
pounds to cuprous oxide and metallic copper. 
The material thus prepared is leached with 
cupric ammonium carbonate solution. Copper 
and ammonia are recovered from the liquors by 
boiling. Melting down of the copper precipitate 
thus obtained yields a marketable product 
containing about 99-88% Cu. 

In the Neil process (Eng. and Min. J. 1908, 
85, 556) solutions of sulphur dioxide have been 
used for the extraction of copper from oxidised 
or roasted sulphide- ores. The ground material 
is treated in revolving barrels with water, and 
sulphur dioxide is passed through the mixture 
via one of the trunnions. The solution thus 
obtained is heated with steam, when about 65% 
of the copper in solution is precipitated as cupro- 
cupric sulphite and the remaining copper is 
precipitated on iron. 

The Longmaid and Henderson process has 
been largely used for the treatment of the 
residues from the pyrites burnt for the manu- 
facture of sulphuric acid. The residue consists 
of ferric oxide and is known as burnt pyrites or 
blue billy, and may contain up to 3% copper. 
The process consists in mixing this material 
with about 12% salt and re-calcining, during 
which process the copper is converted into 
soluble cuprio chloride; this compound is 
obtained in solution by Iixiviation with water 
and the copper is precipitated on iron. Any 
silver present in the pyrites is also obtained 
in the brine solution and may be recovered 
by the Claudet process. 

The original Hunt and Douglas process 
consisted in heating ores containing carbonates 
or oxides of copper and roasting ores containing 
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sulphide of copper, as for its success it was 
necessary for the metal to be present as cupric 
oxide. The ore was then treated with a solution 
of sodium or calcium chloride together with 
ferrous sulphate, which yielded ferrous chloride 
solution by means of which cupric oxide was 
converted into cupric and cuprous chlorides, 
both of which are soluble in strong solutions of 
chlorides : 

3Cu0+2FeCl 1 =2CuCI+CuCl l +Fe J O, 
The solution thus obtained wa3 passed over 
metallic iron for the precipitation of the copper 
and regeneration of ferrous chloride. The 
difficulties met with in this process were 
connected with the tendency to the formation 
of basic copper salts, the difficulty of separating 
the solution from the residue and the impossi- 
bility of recovering any silver present. 

An improved process consists in dissolving the 
copper oxide by leaching with sulphuric acid, 
adding ferrous or calcium chloride to the 
solution to convert the copper sulphate into 
chloride, and then passing sulphur dioxide to 
precipitate the copper as cuprous chlonde : 
CuCI.+CuS0 t +S0 l +2H 2 0 

=2CuCI-f-2H 1 S0 1 

The cuprous chloride is separated for further 
treatment, the sulphur dioxide in solution is 
eliminated by blowing in hot air, and the 
residual sulphuric acid is available for the 
treatment of further quantities of ore. 

The Canadian Hydrometallurgical Laboratory 
has applied the feme chlonde Teaching process 
to high grade iron-copper sulphide concentrates 
which have been reduced to mono sulphides 
by heating in a neutral atmosphere to 600- 
700°. Precipitation of the copper from the 
leach liquors is effected by means of electrolytic 
iron produced m a later stage of the process 
The ferrous chlonde solution thus obtained is 
purified by means of ferrous sulphide, then 
electrolysed for production of electrolytic iron 
and the feme chlonde re-formed is returned to 
the leaching tanks (Canada Dept. Mines, Ore 
Invest. 1927, 138). 

W. Q. Murray (Chem. Eng Min. Rev. 1929, 
22, 52) has shown that ferrous sulphate solution 
in the presence of air dissolves copper fairly 
readily from malachite ores but has little action 
on chrysocolla or cupnte. In the absence, of 
air no copper is dissolved from malachite, 
showing that tho solvent action is duo to the 
oxidation of ferrous to feme sulphate and 
subsequent hydrolysis of the latter. 

The factors which govern the removal of 
soluble copper in the leaching of copper ore 
have been reported upon by J. D. Sullivan and 
A. J. Sweet (U.S. Bur. Mines, Tech. Paper 453, 
1929), who recommend that leaching should 
be earned out at night, as the colder solutions 
then penetrate more rapidly into the particles of 
ore. Washing, on the other hand, should be 
earned out in the daytime, as the higher 
temperatures then ruling favour diffusion 
outwards of the copper salts. II. Guggenheim 
and J. D. Sullivan (ifiid.Tech. Paper 472, 1930) 
show that alternate wetting and drying effect 
more rapid removal of the copper than does 


flood washing, as tho intermediate drying 
periods tend to bring the copper salts to the 
surface of the particles very quickly, thus facilita- 
ting subsequent removal by washing. 

Properties. — Copper is the only red metal, 
its properties are appreciably influenced by the 
presence of other elements in the metal, and the 
following types of copper are those chiefly used 
in the industries : 

High Conductivity {“ HC") Copper , — This is 
copper of high purity usually containing 99 9% 
or more of copper. It is used for electrical 
purposes and where high thermal conductivity 
is specially important. 

Beat Select {“ BS ”) Copper . ~ This is refined 
copper containing small quantities of various 
impurities usually sufficient to prevent it from 
quite conforming to the conductivity standard 
for HC copper. It is suitable for a wide 
range of applications. 

Arsenical Copper. — This is copper containing 
up to about 0 5% arsenic Its conductivity is 
lower than that of HC copper. For certain 
reasons dealt with later, arsenical copper is 
widely used for engineering and general purposes. 

The above types of copper usually contain a 
small quantity of oxygen and are then known 
as tough-pitch HC, BS, or arsenical copper. 
For certain purposes, as for welding and pipe 
manufacture, copper free from oxygen is moat 
suitable and there is available "deoxidised” 
or “ oxygen free ” copper of the various grades. 
In general, the mechanical properties of the 
above types of copper are not greatly different 
(Copper Data, Copper Devel Assoc. No. 12, 
1935). 

Copper possesses the properties of malleability 
and ductility to a very high degree, so that it 
can be rolled into thin sheets and drawn into 
fino wire. As a result of cold work the metal 
becomes harder and eventually brittle, but ita 
malleability and ductility are regained by an 
annealing operation, and after this it is im- 
material whether the metal be slowly cooled or 
quenched in water. For practical purposes a 
temperature of about 200° is considered the 
minimum for annealing pure commercial copper 
though tho presence of small quantities of cer- 
tain elements, such as silver, nickel or ursenic, 
necessitates raising the temperature con- 
siderably. Annealing at 200° is very slow in its 
effects, and in practice it is more general to anneal 
foT a Bhort time at a temperature of fiOO-fiOO 9 . 
Too prolonged a heating or tho use of too high a 
temperature is to be avoided. For pure com- 
mercial copper the tensile strength varies 
between 10 and 11 tons per aq. in. as cast, 
between 20 and 26 tona after cold working, 
and between 14 and 15 tons on annealing after 
work. The elongation varies between 25 and 
30% on 2 in in the cast state, between 5 
and 20% after cold working, and between 50 and 
60% on annealing. The Bnnell hardness 
number likewise vanes between 40 and 45 
in tho cast atate, between 80 anti 200 after 
cold working, and between 45 and 55 after 
annealing. Its sp gr. after working and anneal- 
ing is 8 93, but that of commercial copper 
usually ranges from 8 2 to 8 8, the lower figure* 
being due to porosity. Its m.p. is 1083°, and 
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when melted in the air it is rapidly oxidised 
with the formation of cuprous oxide which 
dissolves in the metal reducing its freezing- 
point to 1,065°, at which temperature the 
copper-cuprous oxide eutectic solidifies con- 
taining 3-5% cuprous oxide. The metal boils 
at 2,325°. Copper crystallises in the cubic 
system; well-formed octahedral crystals are 
found in nature and are sometimes formed 
during electrolysis. The electrical conductivity 
of copper is very high and is taken as a relative 
standard of 100 ; it compares very favourably 
with other metals in this respect, being second 
only to silver with a relative conductivity of 
106 and is followed in the scale by gold with a 
relative conductivity of 72. The electrical 
resistivity of copper is 1-7241 microhms per 
cm. 3 at 20°. These resistance and conductivity 
values apply only to copper after it has been 
worked and annealed; bars as cast may have a 
conductivity of 95 and upwards, but complex 
castings may be as low 'as 80. The electrical 
resistance of copper, as of all metals, varies with 
the temperature and this variation is sufficient 
to cause the conductivity of HC copper to fall 
to about 75% of its value at 20°, when the tem- 
perature is raised to 100°. The conductivity of 
copper as of all pure metals is largely affected 
by the addition of other elements ; phosphorus, 
silicon, iron, arsenic or beryllium when present 
in quantities less than 1% reduce its conductivity 
from 100 to 30. The presence of small quantities 
of silver and cadmium has little effect and 
that of oxygen in the amounts present in 
commercial coppers is negligible. The thermal 
conductivity of copper is also high, this metal 
as 100 being only second to silver at 108, 
and is followed by gold at 76. The thermal 
conductivity of HC copper is 0-92 g. cals, per 
cm./cm./second/degree C. at 20°. The specific 
heat at normal temperatures is 0-092 cals, per 
g. per degree, but with increase of temperature it 
rises, the value at 200° being 0 098 cals. The 
coefficient of thermal expansion is 16-6X 10 -0 
per degree. Dry air ha3 no action on copper 
at normal temperatures, but under ordinary 
atmospheric conditions the metal becomes 
slowly tarnished with an oxidised film which 
changes in time to a mixture containing sul- 
phate and carbonate (a. Co-ordination com- 
pounds, this vol., p. 336). This mixed salt 
deposit is normally green and forms the well- 
known patina of copper, and it serves as a 
protection to the underlying copper. When 
heated in air a superficial film of oxide is formed 
_ which remains adherent and serves as a protec- 
tion against further attack up to a red heat, 
but at higher temperatures serious scaling 
results. Sulphur dioxide when dry either in 
the gaseous or liquid condition has no effect on 
copper. When the sulphur dioxide is in a moist, 
dilute state in contact with the metal it forms a 
protective covering of basic sulphate. Carbon 
dioxide has no action on copper in the dry state. 
In the presence of moisture the action is very 
slow and the resulting product, as in the case 
of atmospheric action, forms a protective skin. 
Copper is rapidly attacked by chlorine, and 
ammonia also readily attacks the metal. 
Ordinary water supplies have no action on copper, 
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as an oxidised superficial tarnish soon develops 
which acts as a protection to the underlying 
metal. Waters which are acid in reaction may 
prevent the formation of this protective film 
and Blight dissolution of the copper may 
result. Nitric acid attacks copper violently, 
very dilute hydrochloric acid has little effect, 
but the concentrated and moderately dilute 
acid attack the metal, the action being more 
rapid if the acid be hot. The presence of air 
is also an important factor in promoting the* 
action. Cold sulphuric acid has little action on 
copper, but the hot concentrated acid rapidly 
attacks the metal. Acetic acid has little action 
on copper, especially in the absence of oxygen, 
and the metal is used largely for stills, 
rectifiers, piping, receivers etc., for this acid. 
Lactic, tannic, formic, and other organic acids 
have little or no action on the metal. Copper 
is resistant to dilute solutions of the alkalis, 
soda, and potash, but not to tho action of 
concentrated solutions. It is fairly resistant to 
the action of sea-water and of solutions of many 
salts, but should not bo used in contact with 
inorganic salts which are oxidising agents, 
such as dichromates, persulphates, perchlorates 
or ferric chloride. Hydrocarbons, such as 
petroleum, benzene, etc., have no action, neither 
have the alcohols, esters, and many other 
organic materials. 

The effects of various impurities on the 
properties of pure copper have been investigated 
for the British Non-Ferrous Metals Research 
Association at the National Physical Laboratory, 
and the following is a summary of tho results : 

Oxygen has a relatively small effect on tho 
properties of pure copper, and is neither 
seriously deleterious nor remarkably beneficial. 
The mechanical properties are not much affected 
by small quantities and a metal containing 0-1% 
differs very slightly from pure copper. The 
electrical conductivity does not fall rapidly with 
additions of oxygen, and values exceeding 
100% of the International Standard are 
obtained in annealed specimens containing less 
than 0-1%. ‘The relatively small effect of oxygen 
is due to the fact that the solubility of cuprous 
oxide in copper is extremely low and may be 
considered as nil (Hanson, Mariyat and Ford, 
J. Inst. Metals, 1923, 30, 197). 

Arsenic . — In the absence of other impurities, 
copper containing up to 1% arsenic is very 
difficult to cast and it is difficult to obtain 
sound castings. A slight amount of unsound- 
ness does not appear to have any harmful 
effect on the working properties of the metal, 
which is remarkably malleable and ductile, and 
can be worked hot or cold to almost any 
desired extent. It has been found possible by 
continuous cold-rolling to reduce cast ingots 
lxj in. in diameter containing up to 1% arsenic 
to thin strip only 0-004 in. thick. Even when 
the arsenic is over 7% the ingots were capable 
of withstanding a considerable amount of cold 
hammering without developing cracks. Mechani- 
cal tests show that arsenic has but a slight 
hardening effect on copper; as the arsenic 
content is raised from 0 to 1-04% the tensile 
strength of the annealed material rises only 
slightly, from 14 to 15 tons per sq. in. The 
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Brinell hardness of annealed arsenical copper much as 10% antimony in solid solution, 
is practically unaffected by the arsenic up to Samples containing up to 0 47% can be hot- 
1%, but the hardness of cold-worked material rolled satisfactorily, but those containing 
increases with the arsenic content. The effect 0 85% are hot short and samples up to this 
of arsenic on the electrical conductivity of figure can be cold- rolled. The presence of quite 
copper is very great, it is much greater than the small amounts of antimony, e g. up to 0 22%, 
effect of oxygen and very distinctly greater has a remarkable effect on the tensile pro- 
tban that of iron. The effect is such that perties, an annealed rod containing this amount 
arsenic must be excluded as rigidly as possible giving 14 9 tons per sq. in. with 67% extension, 
from high conductivity copper. Arsenic appears whde a hot/cold rolled specimen will give 
to reduce the crystal size in castings, but this 24 tons per sq. in. with 19% extension. Anti- 
effect is not appreciable in worked and annealed raony has no pronounced eflect on tbs tough- 
material. The solubility of arsenic m solid nesa of copper and the fatigue properties are 
copper is about 7-25% ; this solubility changes improved by the addition of antimony up to 
very little with temperature (Hanson and 0 47% hot rolled. With this composition a 
Jiarryat, J. Inst. Metals, 1927, 37, 121). safe range of stress of ±7 8 tona/m.* was 

Arttntc plus Oxygen — A senes of alloys con- obtained as compared with ±5 to 6 tons/m.* 
taining up to 2% arsenic and 0 1% oxygen has typical of high-quality copper. Antimony lowers 
been examined. The presence of a little oxygen the electncal conductivity of copper very 
greatly improves the casting properties of considerably but is approximately only half as 
arsenical copper and no difficulty is experienced deleterious in this respect as arsenic (Archbutt 
in obtaining sound castings with a relatively and Prytherch, J. Inst. Metals, 1931, 45, 
high density. Oxygen has a harmful effect on 265). 

the cold working properties of copper which is Antimony plus Arsenin. — Within the limits 
reduced by the presence of arsenic. Arsenical studied 0 05-0 5% each of antimony and arsenic, 
copper is not suitable for severe cold-working and under 0 02% oxygen, copper can be hot- 
unless the arsenic concentration is at least 10 rolled without difficulty, so that arsenic assists 
times that of the oxygen. Copper containing the hot rolling of copper containing antimony, 
arsenic and oxygen can bo rolled hot without The addition of antimony to areemcal copper 
difficulty. The mechanical tests of rolled and improves its tensile strength both at ordinary 
annealed bars of good quality differ little from temperatures and at 250°. In annealed rod 
those of copper containing the same amount of containing 0 49% antimony and 0 059% arsenic, 
arsenic without oxygen, provided that the 15 6 tons per sq in. was obtained at room 
material has not been damaged by over rolling; temperature and 13 tons at 250° With cold- 
the tensile strength rises slightly and tbe elonga- rolled strip containing 0 5% antimony and 
tion falls slightly with increase of arsenic 0 53% arsenic a tensile strength of 37 2 tons/m * 
content The electrical conductivity is prac with 2 3% extension was obtained The fatigue 
tically identical with that of copper containing properties of copper containing 0 5% antimony 
the same amount of arsenic without oxygen and 0 5% arsenic are similar to thoso given 
(Hanson and Marryat, ibid 1927, 37, 144). above for antimomal copper (idem , ibid. 282). 

Iron. — Solid copper will dissolve about 4% Phosphorus. — In small quantities phosphorus 

iron at 1,080°, but the solubility decreases produces soundness in, and removes oxides from 
as the temperature falls. Within the limits of copper. With 0 04% and more of phosphorus, 
Bolubikty, the effect of iron is considerable, the densities of cast copper approach those of 
especially on the electncal resistance, which rolled bars. The hardness of cast ingots 
increases rapidly as the iron content is rsised. increases with increasing phosphorus content. 
Wh.n the iron content exceeds about 0 2% The limiting phosphorus content for hot 
the effect on the resistivity depends largely on working lies between 0 95 and 1-2%. whilst 
the heat-treatment of the metal The tensile the limiting content for cold-rolling is 079- 
rtrength. la reiaed. by 2% icon from. 14 5 to 20 tons. 0 95%. Fhoaphons. mac*, the tenacity of 
per sq. in. Iron has no great embrittling effect rolled copper both at ordinary temperature and 
and copper containing iron can be rolled with at 250° without marked decrease in ductility, 
ease. Iron is a deoxnhser for copper, but it Small amounts of phosphorus have a pro- 
creates difficulties during casting owing to the nounced effect in rawing the fatigue range of 
formation of films winch destroy the con- copper, and its toughness remains unimpaired 
tinuity of the metal (Hanson and Ford, J. Inst. The softening temperature of cold-rolled copper 
Metals, 1924,32,335). is raised by phosphorus which has a seriously 

Bismuth. — The solid solubility of bismuth in detrimental effect on electrical conductivity 
copper is less than 0 002%. Small quantities of The solubility of phosphorus m solid copper 
bismuth adversely affect the rolling properties increases with nae of temperature from 05% 
of copper, particularly during hot-rolling. The at 282° to 1 0% at 682°. A slight age-hardening 
limiting amount for hot rolling of bar appears effect occurs in copper containing phosphorus 
to be less than 0 01% and in all cold rolling when quenched from 690° and tempered at 
experiments the material fractured when more 400-450°, tbe maximum effect occurring with 
than about 0-05% was present. For severe 0 95% phosphorus; the Bnnell hardness 
cold work bismuth should be excluded from of a quenched rolled strip of this metal 
copper; for most other purpose* O' 005% may increases from 43 to 52, but no corresponding 
be regarded as the maximum (Hanson and Ford, effect on tensile strength is obtained (Hanson, 
J. Inst. Metals, 1927, 37, 169). Archbutt, and Ford, J. Inst. Metals, 1930, 

Antimony. — Annealed copper will hold as 43, 41). 
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Detection and Estimation of copper, see 
Chemical Analysis, Vo). II, 5666, 580c, 586a, 
656c, 6716. 

Uses of Copper and its Alloys. — Copper 
and its alloys have very wide applications in 
engineering and industries generally, these 
applications being advantageous owing to the 
various special properties of the metal. In the 
first place they are possible owing to the ease of 
working of the metal ; it can be fabricated by 
cold-working, such as rolling, drawing, pressing, 
etc., by hot-working, such as pressing, extrusion, 
forging and stamping, and by machining; it 
can be joined by welding, brazing, or soldering. 

Its high electrical conductivity renders it 
suitable for cables for transmitting electricity, 
for windings of electrical machines and appara- 
tus, for electrodes and connections for welding 
machines and furnaces and for lightning conduc- 
tors and earthing systems. Its high thermal 
conductivity makes it suitable for radiators for 
cooling various liquids, for refrigerator tubes, 
coils and vessels, for radiators for heating 
purposes, etc., for locomotive fire boxes, 
chemical plant, stills, evaporators, etc. Its 
resistance to rusting and corrosion makes it 
suitable for various types of chemical plant, 
brewing plant, roofing, and tubing for water 
distribution, and some of its alloys for parts of 
marine machinery, propellers, pumps, etc. 

Various alloys in which copper is the chief 
constituent are largely employed for applica- 
tions requiring increased strength and other 
special properties. The most important of these 
alloys are the brasses or alloys of copper and 
zinc ; other important groups are the bronzes, 
or alloys of copper and tin, the aluminium 
bronzes or alloys of copper and aluminium (see 
Aluminium), and the copper-nickel alloys. 

Copper is also alloyed with certain metals to 
act as a hardener as in the case of standard 
silver and standard gold. 

Certain elements are added to metallic copper 
in order to improve its properties, and of these 
an important class is known as deoxidisers. 
Tough pitch copper generally contains from 
0-025 to 0 08% oxygen, and for making intricate 
castings, for welding, and for certain other 
purposes copper as low as possible in oxygen is 
desirable. The deoxidisers commonly used 
are phosphorus, silicon, lithium, magnesium, 
beryllium and calcium; these are added to the 
molten metal, when they combine with the 
oxygen and eliminate it, usually by slagging 
off. To remove all the oxygen it is generally 
necessary to add a small excess of reagent 
which remains in the copper and may have an 
adverse effect on the electrical and thermal 
conductivity. 

Beryllium is not only used as a deoxidiser, 
but also as a definite alloying element, forming 
heat-treatable alloys of engineering importance. 
Copper containing 2-25% Be is known as 
beryllium bronze ; for its heat treatment it is 
first annealed by soaking at 800°, followed by 
quenching in water ; it is then hardened by a 
subsequent precipitation treatment by heating 
for a controlled period at 250-300°. When 
heat-treated after cold working, tensile strengths 
of over 80 tons per sq. in. have been reported. A 
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considerable merit of this material is its high 
fatigue limit under corrosive conditions. 

Copper containing cadmium (approximately 
1%) is of importance on account of its combining 
high strength with conductivity. 

Arsenical copper containing 0-3 to 0-5% 
arsenic is of great importance and most copper 
products made in Great Britain other than 
electrical equipment are made from this 
material. Additions of up to 0-5% arsenic 
improve the tensile strength of annealed 
copper by somewhat less than 1 ton per sq. in., 
and only slightly increase its hardness value. 
In the cold-worked condition, however, the 
tensile strength is increased by 2 tons per sq. in. 
and the Brinell number is 15 higher. The 
chief effect of this addition of arsenic is to raise 
by 100° the temperature at which softening upon 
annealing first occurs and to slightly increase 
the strength at elevated temperatures ; these 
two features have been responsible for the 
adoption of arsenical copper for a large number of 
applications such as locomotive fire-boxes, etc. 

Compounds of Coppee. 

Oxides. — Six oxides of copper have been 
reported of which only two are of importance, 
namely cuprous oxide, Cu 2 0, and cupric oxide, 
CuO. Cuprous quadrantoxide, Cu 4 0, has been 
considered as being formed by the addition of a 
solution of copper sulphate to a cooled dilute 
solution of stannous chloride in caustic potash. 
It is an olive-green powder which rapidly 
absorbs oxygen from the air. According to 
Moser, however, this product is really a mixture 
of cuprous oxide and metallic copper (Z. anorg. 
Chem. 1909, 64, 200). Copper trientoxide, 
Cu 3 0, is stated to have been obtained as a hard, 
yellowish mass by heating cupric oxide to over 
1,500° (Bailey and Hopkins, J.C.S. 1890, 57, 
269). It is probably a solid solution of copper 
in cuprous oxide. Copper sesquioxide, Cu 2 0 3 , 
has been reported to have been formed by pass- 
ing chlorine into a strong solution of sodium 
hydroxide saturated with copper hydroxide 
(E. Muller, Z. anorg. Chem. 1907, 54, 417). 
This oxide is not known in the free state. 
Copper peroxide or dioxide, Cu0 2 , is not 
known in the anhydrous form, but in the 
hydrated form, Cu0 2 ,H 2 0, is obtained by 
allowing finely-divided cupric hydroxide to 
stand in concentrated hydrogen peroxide at 6° 
for several days, the mixture being frequently 
shaken. A yellowish-brown precipitate is 
formed which, after washing with water, alcohol, 
and ether, is dried in vacuo (G. Kriiss, Ber. 
1884, 17, 2593). 

Cuprous oxide, copper suboxide or hemioxide, 
red oxide of copper, Cu 2 0, occurs native as 
cuprite or red copper ore. 

It may be prepared (1) by heating finely 
divided copper in air below a red heat ; (2) by 
gently heating a mixture of 5 parts cuprous 
chloride and 3 parts sodium carbonate in a 
covered crucible and separating the oxide by 
lixiviation ; (3) by reduction of an alkaline 
solution of a copper salt by sugar or certain 
other organic bodies, as in Barreswil’s (Pehling’s) 
solution, (4) by heating in a covered crucible a 
mixture of 5 parts cupric oxide and 4 parts 



copper filings ; {5) by the electrolysis of copper 
sulphate solutions under certain conditions; 
(6) by heating cupric oxide in sulphur dioxide 
and treating the product with water for removal 
of sulphate: 3CuO+SO t =CUjO+CuS0 4 
(Hammick, J.C.S, 1917, 111, 384); (7) free 
from copper and cupnc oxide by the electrolysis 
of a slightly alkaline solution of sodium chloride 
with copper electrodes (E. Abel and 0. Redhch, 
Z. Elektroebem. 1928, 34. 323} 

Cuprous oxide is decomposed by most acids 
into a cupnc salt and metallic copper ; hydro- 
chloric acid, however, converts it into cuprous 
chloride. It fuses at 1,235° and dissolves in 
molten copper rendering it bnttle or “ dry ” 
when present above a certain amount, but is a 
most important constituent in many brands of 
copper. It »a used in the manufacture of ruby 
glass and for the production of a red glaze on 
pottery, and, together With the black oxide, 
forms one of the copper paints used for painting 
ships' bottoms. 

Cuprous oxide has been found to adsorb about 
30% by weight of NOj, which may be removed 
at 65-70° by an inert solvent, such as CCI 4 
(Partington, J.C.S 1924, 125, 72, 063) The 
oxide has remarkable rectifying and photo- 
electric properties which are extensively applied 
in new types of photoelectric cells (r/. Duhme 
and Sc hot thy, Naturwiss 1930, 18, 735). 

Cuprous hydroxide, hydrated cuprous oxide, 
CujO,zH,0 — A yellow form of cuprous oxide 
is obtained by the action of alkali on cuprous 
chlonde or by the reduction of a cupnc salt by 
means of hydroxylamine in presence of alkali. 
It can also be prepared electrolytically, using an 
alkali sulphate as the electrolyte and an anode 
of pure copper. It may also be formed by the 
reduction of Barreswd’s (Fehling’s) solution m 
the presence of a deficit of tartrate. The yellow 
precipitate thus formed is not a definite hydrate 
but is a colloidal form of the oxide with an 
indefinite amount of water (Grdger, Z anorg 
Chera. 1901, 28, 154 , 1902, 31, 320). It 
quickly changes to an orange or brick red colour 
and can then be dned unchanged. At 300° 
it retains only 3%, and at a ted heat it Iowa 
this water and changes into the red crystalline 
oxide. The yellow oxide is a pow erful reducing 
agent, especially in ammoniacal solution. This 
solution, which is colourless, immediately 
becomes blue on exposure to the atmosphere and 
thus forms a delicate test for oxygen. 

Cupnc oxide, copper monoxide, black oxide of 
copper, CuO, occurs as tenonte or melacomte, 
especially at Lake Superior. 

Cupnc oxide may be prepared by heating 
the nitrate or carbonate to dull redness or the 
sulphate to a high temperature. It may also be 
obtained by heating finely divided copper or 
cuprous oxide in air or oxygen, pure oxygen 
acta more slowly than air owing to the pro- 
tective nature of the film of oxide first formed. 
The oxide used for organic analyses, (but not 
for N estimation) maybe prepared by moistening 
copper scale, the mixture of cuprous and 
cupnc oxides, with nitric acid and igniting. A 
mixture of copper filings with twice its weight 
of nitric acid may be exposed to the atmo 
sphere until all the copper is converted into 


basic nitrate and this ignited. E. Holler 
prepared cuprio oxide by the electrolysis of 
sodium hydroxide for a long time with a copper 
cathode either at 12° with stirring or at 60° 
without stirring (Z. Elektrochem. 1903, 9, 313). 

Cupnc oxide is a black powder which agglo- 
merates when heated and fuses at 1,004° forming 
cuprous oxide. It is ebghtly hygroscopic, 
especially when in powder form. When heated 
with organic substances or certain gases it is 
reduced to metal. The metal produced by 
reduction in hydrogen always contains that gas, 
but if the oxide be reduced m formic acid vapour, 
the metal is free from hydrogen and is suitable 
for organic analysis (Weyl, Ber. 1882, 15, 1138). 
It dissolves in acids with the formation of cupnc 
salts. It is soluble to some extent m oils, etc., 
and it ls for this reason that copper cooking 
vessels require constant cleaning. 

Cupnc oxide is used in ultimate organic 
analysis, to make green and blue glass and 
glazes and to some extent as a pigment. It 
has also been used as one electrode of a galvanic 
cell (Lalande and Chaperon, Compt. rend. 
1883, 97, 164). 

A colloidal form of the oxide has been 
obtained by Paal and Leuze (Ber 1906, 39, 
1545), which gives blue-violet solutions, and 
when dry retains its solubility indefinitely 

Cupnc hydroxide, CuO.h^O, may be pre- 
pared by precipitating a solution of a cupric 
salt by the addition of alkali and washing 
rapidly. The hydroxide, which is blue, w liable 
to turn black during washing owing to the 
formation of cupnc oxide, and when heated 
with water always turn* black It may be 
obtained by passing an electric current through a 
well stirred solution of potassium nitrate, using 
a copper plate as anode and one of platinum as 
cathode (Lorenz, Z. anorg. Chem. 1896, 12, 436) 

The hydroxide has been used as a blue pigment 
by paper stamers but becomes green on exposure 
to the atmosphere. It corresponds closely with 
certain highly basic carbonates sold as terditers 

An aqueous solution of sodium hydroxide of 
spgr. I-345-1-370 or of potassium hydroxide 
of Bp gr. 1 453-1-498, will dissolve 0 78 g of 
cupric hydroxide in 100 c.c., giving a bright 
blue solution which yields no precipitate when 
boiled. If a more dilute alkali solution bo used 
the product is not stable when further diluted 
and subsequently boded (E. Justin-Muellcr, 
Compt. rend. 1918, 167, 779). 

Cuprammonjum solutions are obtained by 
digesting freshly precipitated cupnc hydroxide 
in ammonia solution, and II. II. Dawson and 
J. JIcCrae (J.C.S. 1900, 77, 1257) believe that a 
compound CuO,2NH, or CulOH^NH, is 
formed which ionises forming Cu2NH, 
and OH' ions, thus : 

Cu(OH) t +2NH, Cu2NH,+20H' 

W. Bonsdorff has also examined the electrical 
conductivity of solutions of cupnc hydroxide in 
ammonia solution and has confirmed the 
formation of Cu(OH),,2NHj when only a 
small excess of ammonia is present, but of 
Cu(OH)j,4NH* withalarge excess of ammonia 
(Z. anorg. Chem. 1904, 41 , 184). A blue 
solution is obtained by exposing the colourless 
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solution of cuprous hydroxide in ammonia to 
the atmosphere, and cuprammonium solutions 
are prepared on a large scale by the joint action 
of oxygen and ammonia on copper filings at a 
temperature near 0°. 

A saturated solution of freshly precipitated 
and washed cupric hydroxide in concentrated 
ammonia is known as “ Schweizer’s reagent ” or 
cuprammonium, it has the property of dissolving 
cellulose (cotton wool, linen, filter paper, etc.), 
with the formation of a viscid liquid which has 
been used for the preparation of “ Willesden 
papers ” and for the production of “ artificial 
silk ” on a large scale. A. Froment patented 
the use of strong ammonia saturated with 
nitrogen which is claimed to dissolve cupric 
oxide more readily than when free nitrogen is 
absent (G.P. 139714, 1900), and A. Lecoeur 
recommends the removal of the nitrites and other 
crystallisable compounds from the solution 
by dialysis (F.P. 362986, 1906). The addition 
of 1-2% of polyhydric alcohols, carbohydrates, 
gum, etc., to cuprammonium solutions increases 
their stability and prevents the deposition of 
cupric hydroxide (Friedrich, B.P. 4104, 1909), 
and the presence of such substances facilitates 
the manufacture of the solution. Chattaway 
has shown (Proc. Roy. Soc. 1908, 80A, 88) 
that by the reduction of a cuprammonium 
solution with phenyl hydrazine, copper mirrors 
can be deposited on glass. 

Sulphides. — Cuprous sulphide, Cu 2 S, occurs 
as chalcocite or copper glance. It may be 
prepared by heating copper to redness in 
sulphur vapour or by heating a mixture of copper 
and sulphur. It is also formed as a result of the 
reaction between metallic copper and certain 
sulphides, e.g. aluminium, magnesium, cadmium, 
etc., and E. Schiitz has found that copper forms 
sulphide with 85% of the sulphur in ferrous 
sulphide when the two are heated together to 
1,195° (Metallurgie, 1907, 4, 663). It melts at 
1,130° and the sp.gr. of the artificial product is 
5-80. It is dimorphous and has a transition 
temperature at 91°. 

Cupric Sulphide, CuS, occurs as covellite or 
indigo-copper, sp.gr. 4-60. It may be prepared 
by heating cuprous sulphide with sulphur at a 
temperature below the boiling-point of sulphur ; 
by digesting cuprous sulphide with cold strong 
rutric acid or by precipitating a copper solution 
with hydrogen sulphide. On the large scale it is 
obtained as a paste by precipitating a solution of 
the sulphate with sodium sulphide, and this 
paste has been used in calico printing for the 
development of aniline black. 

Several polysulphides of copper have been 
roported. 

Cuprous Phosphide, Cu 3 P, is formed by 
the interaction of copper and phosphorus, and is 
present in the alloy known as phosphor-copper, 
u hich contains from 9-15% phosphorus. Alloys 
containing more than this amount of phosphorus 
have to be prepared in closed vessels owing to 
the volatility of the phosphorus. They are 
largely used for the deoxidation of metallic 
copper and in the manufacture of phosphor- 
bronze. The compound Cu 3 P melts at 1,022°, 
and forms a eutectic with metallic copper which 
contains 8-2% phosphorus and melts at 707°. 


Cupric Phosphide, Cu 3 P 2 , is formed when 
phosphine is passed over cupric chloride or 
when phosphorus is boiled with a cupric salt. 
When heated in hydrogen it forms cuprous 
phosphide. 

Copper Arsenides. — Copper and arsenic 
combine together to form several arsenides, some 
of which are found to occur as minerals. When 
copper and arsenic are heated together cupric 
arsenide, Cu 3 As, is formed which freezes at 
830°. At 710° there is evidence of the formation 
of an unstable compound, Cu 5 As 2 , with 
32-1% arsenic (K. Friedrich, Metallurgie, 1908, 
5, 529). 

Copper Silicide, known as cuprosilicon, 
Cu 4 Si, is obtained when copper and silicon are 
heated together in an electric furnace (Vigouroux 
Compt. rend. 1896, 122, 318; Lebeau, ibid. 
1906, 142, 154). It can be prepared pure by 
heating together 17 parts silicon and 9 parts 
copper in hydrogen and removing the excess 
silicon by means of sodium carbonate solution. 
It is silver white with a metallic lustre and 
is hard and brittle. Its sp.gr. is 7-58 and it is 
attacked by chlorine and aqua regia. It is 
used for deoxidising and hardening copper and 
certain of its alloys ( v . Philips, Metallurgie, 1907, 
4, 587). 

Copper Silicates are formed when oxides of 
copper and silica are fused together. Silicates 
are found in the various slags obtained during 
the smelting of copper ores, and especially in 
those produced in the converters and during the 
fire-refining of copper. The copper in these 
slags is readily reduced to metal by carbon in 
the presence of iron oxide with the formation of 
the corresponding iron silicate, it is also reduced 
by heating with metallic iron and is converted 
into cuprous sulphide when heated with iron 
sulphide. As hydrated silicates copper occurs 
in two minerals, viz. dioplase or emerald 
copper, CuSi0 3 ,H 2 0, and chrysocolla, 
CuSi0 3 ,2H 2 0. 

Copper Carbonates. — The normal carbonate 
has not been prepared, but double salts of the 
normal cuprous and cupric carbonates with 
ammonium and other carbonates have been 
desoribed. 

Some twelve basic carbonates, varying in the 
ratios of CuO : CO s : H 2 0 have been reported, 
several of which occur as minerals, the besc 
known of which ar emalachile, CuCO s ,Cu (OH) 2 , 
and azurite, 2CuC0 3 ,Cu(0H) 2 ; when ground, 
these minerals form valuable green and blue pig- 
ments. The products obtained by the addition 
of sodium carbonate or other soluble carbonates 
to solutions of copper sulphate or nitrate are 
invariably basic, the degree of basicity depending 
on the conditions of precipitation. These basic 
carbonates are known as Soda Bordeaux and 
are largely used as a fungicide. S. U. Pickering 
(J.C.S. 1909, 95, 1410) states that the ordinary 
carbonate of commerce approximates to 
20 uO,CO 2 ,H 2 O, the formula for malachite, 
which contains 71-94% CuO, but H. B. Dunni- 
cliff and S. Lai (J.C.S. 1918, 113, 718) found 
on examination of thirteen samples of com- 
mercial carbonate that the amount of CuO 
varied from 66-16 to 78-60%, and considered 
that the product generally approximated 
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to the formula of azunte ; and by treatment 
of a solution of copper sulphate with a mixture 
of sodium carbonate and sodium bicarbonate 
they obtained a product of fairly constant com- 
position corresponding to 

2CuCO,,5Cu (OH),. 

Many methods have been used for the pre- 
paration of the basic carbonates of commerce, 
such as the conversion of scrap copper 
Into basic chloride by the action of sodium 
chloride and sulphuric acid, and treatment of a 
mixture of this basic chloride and copper sulphate 
with soda solution, or by agitation of a solution 
of copper nitrate with chalk, the pasty pre- 
cipitate obtained is washed and mixed with 
8-1 0% of freshly burnt lime with the production 
of a fine blue pigment (lerdtler ) , the precipitate 
without the addition of hme is green. 

Sails. — Two senes of copper salts are known, 
cuprous and cupric. The former are mostly 
insoluble in water and are of little commercial 
importance They act as powerful reducing 
agents and readily pass into the cupnc con 
dition. Cupric salts arc mostly soluble and are of 
wide application. 

Cuprous Salts . — Cuprous chloride, CuCI. 
may be prepared by boding cupnc chloride with 
hydrochloric acid and copper turnings. On the 
addition of water it is precipitated as white 
crystals Cuprous chloride melts at about 420® 
into a yellow transparent mass. The dry 
crystals become y ellowish on exposure to light 
if moist they acquire a dirty violet tinge. 

Cuprous chlonde combines with ammonia to 
form three compounds, 2CuCI,NH., 
2CuCI,3NH a , CuCI,3NH.. Cuprous bromide 
and Iodide form compounds analogous to the 
last two (Lloyd, J. Fhyi. Chem. 1908, 12, 398, 
cf. W. Blitz and W. Stollenwerk, Z. anorg. 
Chem. 1921, 119, 97). 

The hydrochloric acid solution of cuprous 
chloride, when exposed to air, absorbs oxygen 
and acquires a brown colour, subsequently 
depositing a pale bluish-green insoluble copper 
oxychlonde, CuCl lP 3Cu(OH),, similar to the 
mineral atacamle. An identical substance, 
known as Brvnsicick green, is prepared by boiling 
a soibtion of cupper euj’piWu enth a mmnV i 
quantity of bleaching powder solution, or by 
exposing freely to air copper turnings moistened 
with hydrochloric acid. 

The use of the oxychlonde in preference to 
the sulphate for destroying mould on vines, 
etc , is recommended by Deletrez (J S C.I. 
1909, 28, 438), 200-250 g. per 100 litres of water 
are employed. 

When a hydrochloric acid solution of cuprous 
chlonde and potassium chlonde, is treated 
with acetylene, a yellowish precipitate, 
C,H,[(Cu,Cltli,KCl],, is formed. Other com- 
pounds containing cuprous oxide or potassium 
chloride can be obtained by varying the con- 
ditions (Chavastelon, Compt. rend. 1901, 132, 
1489). Acetylene reacts with solutions of 
cuprous chlonde in ammonia to form a blood red 
precipitate of cuprous acctylide which on 
dehydration has the formula Cu,C t and is 
highly explo*iye (Scheiber, Ber. 1908, 41, 3816) 


Its decomposition by means of acids has been 
used as a method of prepanng pure acetylene. 

Cuprous chloride in a hydrochloric acid or 
ammomacal solution absorbs carbon monoxide 
forming an unstable compound (Jones, Amer. 
Chem J. 1899, 22, 287) which under certain 
conditions corresponds to CuCI,CO,2H.O 
(Berthelot, Ann. Chim. Phys 1901, [vn], 23, 32). 

Cuprous Bromide, CuBr, is obtained by the 
union of its elements or by boiling a solution of 
cupnc bromide with copper, and forms a 
colourless crystalline mass. 

Cuprous Iodide, Cu I, is the only known iodide 
of copper, and is found in the mineral marshite 
(Broken Hill, Australia). It is obtained as a 
white precipitate by adding potassium iodide 
to a solution of copper sulphate, in this way half 
the iodine is combined in the precipitate 
and half is liberated as free iodine; in the 
presence of ferrous sulphate or sulphurous acid, 
the whole of the iodine is precipitated as 
cuprous iodide The fused salt has a spgr. of 
5 653 at 15° (Spring, Rec trav. chira. 1901, 20, 
79) , it melts without decomposition at 628° 
and is practically insoluble m water. 

Cuprous Fluonde, Cu F, is prepared by the 
action of hydrogen fluonde on heated cuprous 
chlonde , the action is complete only when the 
temperature is between 1,100® and 1,200®. 
It is also formed by the action of hydrogen 
fluonde on cupnc fluonde, first heated to 600®, 
and finally raised to 1,100-1,200® Cuprous 
fluoride forms a red crystalline mass which 
melts at 90S® It is stable in dry air, but is 
converted into cupnc fluonde in moist air, at 
the same time acquiring a blue colour 

Cuprous Sulphite, Cu,SO, t H,0, is obtained 
by passing sulphur dioxide into a hot solution of 
cuprous acetate in acetic acid. It forms double 
salts with the alkali sulphites. Cupro cupnc 
sulphite, CujSO3.CuSOj.2HjO, is a red 
microcrystallme powder. 

Cuprous Sulphate, Cu t S0 4 , is obtained by the 
action of dry dimethyl sulphate on dry, powdered 
cuprous oxide (Recoura, Compt. rend. 1909, 
148, 1105). A compound of cuprous sulphate 
and carbon monoxide, Cu 2 S0 ( ,2C0,H,0, has 
been obtained by Joannis (iftt'rf. 1897, 125, 
PArhard, by adAww hydrnxylanune 
sulphate to ammomacal cupnc carbonate, has 
made ammomo cuprous sulphate CUjSO|,4NHj 
(ibid 1903,136,604). 

Cuprous Cyanide, CuCN, is obtained by 
adding potassium cyanide to a solution of copper 
sulphate, a red precipitate of cupnc cyanide is 
first formed and on boiling cyanogen gas is given 
off and the white cuprous cyanide is precipitated. 
Cuprous cyanide forms a number of double 
cyanides (Grossmann and von der Forst, Z. 
anorg Chem. 1903, 43, 04). 

Cuprous Thiocyanate, CuCNS, is obtained as 
a white precipitate when potassium thiocyanate 
is added to copper sulphate solution m the 
presence of a reducing agent such as sulphur 
dioxide, ferrous sulphate, etc. This reaction is 
used in quantitative analysis. 

Cuprous X it rate v. Cupric nitrate. 

Cupric Salts . — Cupnc chloride, CuClj, may 
be obtained as a fused liver coloured, anhydrous 
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mass by heating copper in excess of chlorine. 
In solution it may be prepared by dissolving the 
oxide in hydrochloric acid. It crystallises in 
grass-green prisms or needles containing 2 mols. 
of water which become pale-blue when dried in 
vacuo. The anhydrous salt is obtained on the 
gradual addition of concentrated sulphuric acid 
to a solution of the chloride (Viard, Compt. rend. 
1902, 135, 168). This anhydrous salt is very 
deliquescent and forms the salt containing 2 
mols. of water mentioned above. It is soluble 
in alcohol. When cupric chloride is exposed to 
the air an oxychloride is formed, and when a 
small quantity of potash is added to an aqueous 
solution the oxychloride, 2Cu0,CuCI 2 ,4H 2 0,is 
formed as a pale blue precipitate, this turns to a 
black anhydrous powder when heated, but again 
becomes green with absorption of 3 mols. of 
water when moistened. It is an intermediate 
product in the manufacture of verditer ( v . 
Copper Carbonates). Some eighteen basic 
cupric chlorides have been reported. 

Cupric Bromide, CuBr 2 , is obtained by 
dissolving cupric oxide in hydrobromic acid 
and evaporating m vacuo over sulphuric acid. 
It is dark-coloured, very deliquescent, and when 
heated decomposes into cuprous bromide and 
bromine. It has been used as an intensifier 
in photography, for which purpose it is made by 
mixing equal volumes of CuS0 4 ,5H 2 0 (230 g.) 
and KBr (230 g.) each in 1,000 c.c. H 2 0. 

Cupric Fluoride, Cu F 2 , has been prepared by 
the action of fluorine on copper powder, and 
also by the action of hydrogen fluoride on 
cupric oxide at 400°. It forms small white 
crystals which on exposure to moist air take up 
water, become blue, and have the composition 
CuF 2 ,2H 2 0. 

Cupric Sulphate, CuS0 4 , is known in the 
anhydrous form, and also hydrated as 
CuS0 4 ,H 2 0, CuS 0 4 ,3H 2 0, and 

CuS0 4 ,5H 2 0, 

the last being known as blue vitriol, which is 
found in nature as the mineral chalcanthile, 
the most important deposits occurring at 
Copaquire, Chile, where the Tock has been 
found to contain over 12% of the hydrated 
salt (E. Walker, Eng. and Min. J. 1903, 75, 710). 
The mineral boothite, found in California, is 
reported to be CuS0 4 ,7H 2 0 (Schaller, Amer. 
J. Sci. 1904, [iv], 17, 191). 

Cupric sulphate may be prepared by dissolving 
metallic copper or preferably the oxide in 
sulphuric acid. The solution of copper in 
sulphuric acid is assisted by the presence of 
nitric acid or sodium nitrate. On a large scale 
it is made from metallic copper scrap, etc., by 
heating this material in a reverberatory furnace, 
throwing in an excess of sulphur, and closing the 
doors. When combination is complete the doors 
are opened to admit air and the temperature kept 
at dull redness to allow the oxidation of the 
sulphide to sulphate to take place. The mass, 
while still hot, is discharged into dilute sulphuric 
acid, allowed to settle, the solution decanted, 
concentrated and crystallised. The sulphate 
so produced is of considerable purity. Copper 
matte, copper glance, and other sulphide ores are 
similarly treated. 


When much iron is present as in most copper 
ores, and especially in copper pyrites, it is 
impossible to separate the copper and iron 
sulphates by crystallisation, because, although 
copper sulphate crystallises normally, with 
5 mols of water, it forms, in presence of ferrous 
sulphate, crystals isomorphous with that salt 
and containing 7 mols. of water. By carefully 
adjusting the temperature at which the sulphide 
is roasted, the iron sulphate may be converted 
into oxide, while the copper sulphate remains 
almost unaffected. The iron may be removed 
by heating the solution of the sulphates to 180° 
under pressure, when ferrous sulphate crystallises 
out and may be filtered off. Alternatively, 
the iron may be separated from the copper by 
boiling the solution with a little nitric acid, 
and then removed as oxide by boiling with 
copper oxide or by boiling with lead peroxide 
with subsequent addition of a little barium 
carbonate. 

When the sulphate is required for purposes 
in which the presence of iron is not injurious, 
such liquors may be at once crystallised out 
with the formation of crystals containing both 
iron and copper ; much of the agricultural copper 
sulphate is of this class. 

Copper containing gold and silver is some- 
times treated with sulphuric acid diluted with 
its own volume of water, the copper being thus 
dissolved while the silver and gold are left in the 
residue. 

Argentiferous copper ores and mattes are 
sometimes roasted in reverberatory furnaces, 
the roasted product being digested with sulphuric 
acid until little free acid remains. The solution 
is then decanted from the precipitated lead 
sulphate, gold, and other insoluble matter, and 
passed into lead-lined tanks containing plates of 
copper upon which all the silver and part of the 
antimony and arsenic present are deposited, 
while the greater portion of the bismuth is 
precipitated as a basic sulphate and the iron 
is reduced to ferrous sulphate. The liquor is 
then crystallised, the mother liquors being used 
for treating a fresh quantity of roasted material. 
Copper sulphate is also obtained in the refining 
of silver by precipitating it upon plates of copper 
from its solution as sulphate. 

An electrolytic process for the production of 
copper sulphate consists in using a solution of 
sodium sulphate and copper electrodes, a current 
of carbon dioxide being passed through the 
liquid. Copper is dissolved from the anode as 
sulphate, while sodium carbonate is produced at 
the cathode. These react, regenerating sodium 
sulphate and precipitating copper carbonate, 
which is collected and dissolved in sulphuric 
acid (Kroupa, J.S.C.I. 1906, 25, 78). 

A process for preparing cupric sulphate from 
scrap copper has been patented. In this, the 
scrap is treated with air in the presence of cupric 
chloride solution, and the oxychloride sludge 
so obtained is decomposed with concentrated 
sulphuric acid, forming copper sulphate crystals 
and cupric chloride, the latter being returned 
to the process (B.P. 323115). 

Copper sulphate crystallises in large, trans- 
parent, blue, doubly oblique, rhombic prisms 
of sp.gr. 2-28, of the formula CuS0 4 ,5H 2 0. 
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Solubility of copper sulphate in water at 
different temperatures as g. of CuSO ( in 100 g. 
solution : 

t 0* IS* 20* 25* 40* 

g. .12 0 16-1 17-4 18 5 22 8 

t 55* 60* 70* 80* 00* 100* 

g. 26 9 28 1 31-4 34 9 38 5 42 4 

When heated, it loses 2 mols. of water at 30°, 
becoming CuS0 4 ,3H,0, 2 more at 100°, 
becoming CuS0 4 ,H,0, and at 260° loses nearly 
all its water ; at 360°, however, a little water 
(004%) is still retained, but by raising the 
temperature gradually to 400° anhydrous sul- 
phate is obtained (Richards, Proc. Amer. Acad. 
1891,26,240). 

The salt obtained at 260° is white and hygro- 
scopic, and combines with water with con- 
siderable evolution of heat ; it combines with 
water contained in alcohol and other orgamo 
liquids with the production of a blue colour, 
and may be used for detecting the presence ot 
water in these substances, although this test is 
not very delicate It has sp gr. 3 606 and 
begins to decompose at 361° (Vanjukoff, J. Russ. 
Phys. Cbera. Soc 1909,41,688). The anhydrous 
sulphate has also been prepared by heating 
the pentahydrate at 250° in vacuo (F. Krafft, 
Ber. 1907, 40, 4770) 

Copper sulphate absorbs hydrogen chloride 
with evolution of heat, forming cupric chloride, 
and liberating sulphuric acid. It is, therefore, 
used to remove this impurity from such gases 
as chlorine, carbon monoxide, carbon dioxide, 
etc. A similar reaction occurs in solution 
When mixed in solution with molecular pro- 
portions of other sulphates, such os those of 
zinc, magnesium, cadmium, iron, cobalt, 
manganese, etc , copper sulphate produces well- 
defined double sulphates which may be rhombic, 
monochmc or tnchnic, according to the amount 
of water of crystallisation. 

A number of ammmo-cupric sulphates have 
been reported, including Cu(NH s ).SO,, 
Cu(NHj),SOj, Cu(NH,),S0 4 . and also 
Cu(NH 3 ) 4 S0 4 ,H,0. Double sulphates of 
copper and sodium, potassium, caesium, rubi- 
dium, and ammonium are also known, such as. 
Na,Cu(SO,),,2H a O, K.Cu(S0 t ).,6H,0, 
Cs.Cu (S0 4 ),,6 H.O, Rb.Cu (SO 4 ).,0H.O 
and (NH 4 ),Cu(S0 4 )„6H 3 0. 

Ten basic sulphates of copper have been 
reported in anhydrous or hydrated forms 
varying in the ratio of CuO to SO,, auch as 
5CuO,2SO,,5H,0 and 4Cu0,S0 3 .4H,0 (o. 
Fowles, J.C.S. 1926, 1845). 

Copper sulphate is the most important of the 
copper salts as the large number of copper com- 
pounds used in commerce are prepared from 
this salt. It is largely used in cabco printing, 
in dyeing, directly or indirectly for the prepara- 
tion of most pigments containing copper, m 
electro-plating solutions and in galvanic cells 
It is also used as an antiseptic, as a preventative 
against rot in timber, and in making prepara- 
tions for protecting plants from various diseases. 
In agriculture the crude sulphate containing 
ferrous sulphate is used to prevent “ smut " in 
seeds. For this purpose the seeds are soaked 


for some hours in a weak solution of the sulphate 
and are sown within 24 hours. 

A 10-20% solution of copper sulphate, 
preferably mixed with lime, is applied to vines 
with great benefit, A small quantity is found 
in the grapes and should be removed, although 
the tannin and sulphur introduced before 
fermentation remove it in most cases. Karstcn 
has stated (J S C.I. 1896, 15, 367) that 
attacks of illness resembling dysentery have been 
caused by a wine which contained sufficient 
copper to give a visible deposit on steel in 
12 hours. Its presence was due to spraying 
the vines with a copper salt. An effective wash 
for vines is prepared by boiling 25 parts sodium 
carbonate and 25 parts resin in 100 parts water ; 
2 litres of this solution is diluted with 10 litres 
of water and added to a solution of 2 kilos of 
copper sulphate in 50-80 litres of water, the 
mixture neutralised with sodium carbonate and 
made up to 100 litres with water (Perraud, 
Compt rend 1898, 127, 978). 

Copper sulphate is used in preparing copper 
fcrncyamde, a solution of which in potassium 
citrate solution is used as a toning bath far 
photographs (Ferguson, “ Copper Toning," 
J.SC.I, 1900, 19. 465). 

Cupric Nitrite, Cu (NO,),, is prepared by the 
double decomposition of cuprio sulphate and 
barium nitrite. It is thus obtained as a bright 
green solution. It is said to evolve nitric oxide 
even m the cold, and it absorbs oxygen from the 
air, being slowly changed to nitrate. According 
to Ray (J.C S 1907, 91, 1405), when the solution 
is evaporated under diminished pressure over 
sulphuric acid, nitric oxido is ovolvcd and the 
residue, bluish-green in colour, consists of a 
mixture of nitrite and nitrate, insoluble m 
water. 

A number of doutye nitrites are known; for 
example, potassium copper nitrite, K,Cu (NO,) { , 
is obtained by mixing cold saturated solutions 
of copper sulphate and potassium nitrite, adding 
methyl alcohol, filtering, and adding ethyl 
acetate to the dear green filtrate, when long 
crystals of the salt separate. Rubidium copper 
nitrite of similar composition may be obtained 
in like manner (Kurtcnacker, Z. anorg. Chom. 
1913, 82, 204). Basic copper nitrites, 

3Cu (OH),,Cu (NO,), and 
2Cu(OH),,Cu(NO,),, 
are also known. 

Cvpnc Nitrate, Cu(NO,),, may be pre- 
pared by dissolving metallic copper, the oxide, 
or the carbonate in nitric acid. The solution at 
temperatures above 26° deposits dark-blue 
crystals containing 3 mols. of water which melt 
at 114 5° and bod at 170° with evolution of 
nitric acid and the formation of a green basio 
salt. This basio salt may also be prepared 
by boiling the solution of the nitrato with copper 
or copper hydroxide or with a little alkali. 
Hydrated crystals containing 0 mols. of water 
are obtained at low temperatures, —20° to —24°, 
and crystals containing G mols. at temperatures 
between —20° and -4-26°. 

The anhydrous salt may bo obtained by the 
action of nitric anhydride on the hydrated 
salt (A. Guntz and M. Martin, Bull. Soc. chim. 
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1909, [iv], 5, 1004). By leaving a solution of 
cupric nitrate in liquid ammonia in contact with 
copper foil J. Sloan (J. Amer. Chem. Soc. 

1910, 32, 972) obtained crystals of cuprous 
ammonio nitrate, CuN0 3 ,2NH 3 , and by 
allowing the ammonia to evaporate slowly, 
anhydrous cuprous nitrate is obtained (r. F. 
Ephraim, Ber. 1919, 52, 236). 

Copper Acetate v. Acetic Acid, (Vol. I., 
p. 54 c). 

Copper Arsenite v. Arsenic (Vol. I., p. 477<J). 

Cupric Phosphate, Cu 3 (P0 4 ) 2 ,3H 2 0, is pro- 
duced by the solution of the carbonate in dilute 
phosphoric acid and heating the solution to 
70°. Caven and Hill found that by boiling this 
normal phosphate with water or by washing 
with water at 100° until of constant composition 
the basic phosphate, Cu 3 (P0 4 ) 2 ,Cu0,H 2 0, is 
produced, which compound occurs in nature as 
the mineral libethenite (J.S.C.I. 1897, 16, 29). 

C. O. B. 

COPPER GLANCE or chalcocite v. 
Chalcosine. 

COPPER PYRITES v. Chalcopyrite. 

COPRA and COPRA OIL v. Coconut 
Oil. 

COPROLITES. Concretionary mixtures of 
calcium phosphate and calcium carbonate, de- 
rived from the excrements of certain extinct 
fishes and reptiles. Used as a fertiliser. 
Formerly much used in the manufacture of 
superphosphate of lime. 

CO PROM ESOB I LI VIOLIN v. Bile 
Pigments. 

CO PRONIGRIN v. Bile Pigments. 

COPROSMA. The bark, and more 
especially the roots, of C. grandifolia, C. 
linariifoHa, and C. areolata (Fam. Rubiacere), 
which are widely distributed in New Zealand, 
possess tinctorial property (Aston, New Zealand 
J. Sci. Tech. 1918, 1, 3), and being related to 
madder probably contain either alizarin itself 
or an allied colouring matter. Thus, an alcoholic 
extract of C. grandifolia is coloured purple by 
alkali, and becomes yellow on addition of acid. 
From the acid solution, by means of ether, an 
orange-yellow crystalline substance can be 
isolated in small amount. 

A. G. P. and E. J. C. 

CO PT I S I N E. The roots of Coptis japonica, 
which are used in China and Japan as stoma- 
chics. contain besides berberine two other 
alkaloids, coptisine (I) and worenine. (I) was 
first isolated by Kitasato (A. 1926, 1160). 

The ground roots are extracted with 50% 
aqueous EtOH, the concentrated extract 
acidified with sulphuric acid and the precipitated 
salts extracted with hot EtOH and H z O; the 
sulphate of (I) remains undissolved and is thus 
separated from the two other alkaloids (Kita- 
sato, Amer. Chem. Abstr. 1927, 21, 2700). 

Coptisine is a quaternary base, only slightly 
soluble in organic solvents, it is best purified by 
reduction to the racemic tetrahydrocoptisine, 
m.p. 217-218° (Spath, 227-228°), needles from 
EtOH-CHCl 3 , and reoxidation with iodine. 
For absorption spectra of (I) and that of the 
tetra hydro derivative, see A. 1927, 1095. The 
salts of (I) are crystalline and highly insoluble : 


the iodide, yellow needles decomposing above 
280° ; the chloride, orange-coloured prisms, does 
not melt at 300°. By replacing by -OH groups 
the methylenedioxy groups by means of phloro- 
glucinol, methylating the phenolic -OH groups, 
and reducing the compound, racemic tetrahydro- 
palmatine was obtained. Kitasato (l.c. 1926) 
therefore attributes to (I) the following con- 
stitution : 


O-CHj 



I. 

it was synthesised by Spath and Posega (Ber. 
1929, 62, [B], 1029) starting from tetrahydro- 
palmatine and from protopine (l.c.). Before (I) 
was found in nature, a base identical with the 
tetrahydro-derivative had been synthesised 
by Haworth and Perkin (J.C.S. 1926, 1769). 
Spath and Julian (Ber. 1931, 64, [B], 1131) 
isolated d-tetrahydrocoptisine (m.p. 203-204°, 
[0)3 + 310°, in CHCI 3 ) from Austrian corydalis 
bulbs. Go (Amer. Chem. Abstr. 1931, 25, 518, 
or Chem. Zentr. 1931, I, 791) isolated the lievo- 
compound (m.p. 201-202°, [a]p —315°, in 
CHClj) from a Corean corydalis. The alkaloid 
stylopine, isolated from Stylophorum diphyllum 
(Fam. Papaveracese) by Schlotterbeck and 
Watkins (Ber. 1902, 35, 7), is probably identical 
with tetrahydrocoptisine. 

Schl. 

COPYING-INK or INDELIBLE PEN- 

C I LS. Originally the pencils sold under these 
names were intended to be used for copying 
purposes, and for this reason a water-soluble 
aniline dyestuff formed an ingredient of the 
“ lead,” but the writing done with most of 
them will yield only faint copies. The term 
“ indelible ” is also a misnomer, since the 
methyl violet, which most of them contain, can 
be readily bleached. 

In addition to the soluble dye, the pigment also 
contains graphite or kaolin or both. Prepara- 
tions intended for use in pencils of this type were 
first patented by Petit (B.P. 4090, 1874), and 
their composition was described by Viedt 
(Dingl. poly. J. 1875, 216, 96). Lehner (“ Ink 
Manufacture,” 1902, p. 125) gives the composi- 
tion of four typical Bavarian pencil pigments, 
made by Faber, and the table at head of page 
360 shows the variation in typical pencils deter- 
mined by Mitchell (Analyst, 1917, 42, 1). 

The proportion of graphite in the pigment 
affects the behaviour of the material towards 
infra-red rays, and enables many of the pig- 
ments to be readily distinguished from one 
another. Pigments in which there is no graphite 
are transparent in an infra-red photograph 
(Mitchell, Analyst, 1935, 60, 459). 
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Copying ink pencils containing a largo pro 
portion of alumina tend to bo more indelible 
than those in which the pigment consists only of 
graphite and dyestuff In this country only 
the violet pencils are in demand, for blue and 
Ted pencils usually contain an insoluble pigment 
instead of a dye ; the composition of the pig- 
ments of typical coloured pencils was deter- 
mined by Mitchell (Analyst, 1922, 47, 3S5). 
A simple charring test, in which the graphite 


of a copying ink pencil is left on the coherent 
ash of the paper, enables the sequence of two 
intersecting strokes mado with a copying-ink 
pencil of the graphite type to be determined 
(Mitchell, Analyst, 1925, 50, 178). 

C. A. M. 

CORACAN i. Cereals, (Vol II, p. 4S$d) 

CORAL is the calcareous substance secreted 
by sev eral different organisms. The best known 
of these belong to the Coelen le rates and includo : 
(1) some Hydrozoa known as Mtlleporcs, 
common on tropical coral reefs, (2) a large 
number of Actmozoa (Anthozoa), which include 
the commonest reef building corals and the 
precious coral of industry. The term coral is 
also loosely applied to (3) some of the Polyzoa 
(known as sea-mats or zoophytes) which have 
cornl like forms and are the chief constituent 
of the Tertiary deposit known as the “ Coralline 
Crag" , (4) some shallow water Foraminifera, 
very primitive shell bearing animals which form 
an important percentage of the sand of coral 
reefs , (5) certain sen-weeds (NulU ports or 

Calcareous Algce) which have a cnlcareous 
skeleton and are also common on coral reefs 

A large number of analyses of coral aro given 
by F. IV. Clarke and W. C. Wheeler (US 
Geol Surv , Prof Paper 124, 1922), and a 
selection of theso is given m the tablo . 


Percentage Composition op Coral. 



CO 

MfO 

SIO, 

ISM 

Hydrozoa — ■ 





J ftllepora atoconus 

Actmozoa — 

62 50 

0 43 

0 23 

4177 

Ponies astrcoides. 

63 84 

018 

0 02 

44 98 

Madrepora prolifera 

53 48 

0 00 

0 1!) 

44 60 

Pavta fragum 

53 69 

0 18 

0 28 

44 44 

Maeandra labynnthiformis 

Polyzoa — 

63 71 

0 26 


45 10 

Plustra membranacea ... ... 

F oramimfeia — 

30 81 

2 00 

300 

01 45 

Orbitoliles marginaUs . 

48 92 

4 93 

0 03 

45 20 

Lithotharnmum .... 

48 00 

4 78 

041 

45 41 


The precious coral of industry is chiefly 
Corallium rvbrum. It is obtained m depths I 
between 90 and 900 ft. in the Mediterranean 
The richest fishery is on the banks off the 
Algerian and Tunisian coasts and also off the 
coast of Sicily. Black coral comes from Jidda 
in the Red Sea, and white and red (Blorro) 
coral of good quality comes from Japanese 
waters All are used in the manufacture of 
jewellery. The composition of precious coral 
is given by G. F. Kunz (in D. K. Tressler, 
*’ Marino Products of Commerce," 1923) as 
shown in table opposite. 

The colour of black coral is said to bo duo to 
the organic matter, while some workers have 
said that the colour of the red coral is due to 
iron. The red colour, however, is destroyed on 
ignition, so that presumably it is an organic 
compound formed by tho polyps. The specific 



Red coral 

Black 

Calcium carbonate , 

66 974 

85 801 

Magnesium carbonate . 

6 804 

6 770 

Calcium sulphate 

1-271 

1-400 

lerrousovide .... 

1-720 


Organic matter 

1-350 

3 070 

Water ... 



Phosphorus, silica, etc. . . 

I 331 

1-559 


gravity of precious coral is close to that of calcite, 
vary mg from 2 6 to 2-7, but its hardness (3{) is 
a little greater. The low hardness facilitates 
carving and turning and, though it does not 
take a fine polish, the beauty of hue makes up 
for this ana it wears well. Tho colour of red 
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coral varies from crimson to rose, the latter 
being the rarest and therefore most prized. 

Although the analyses in the tables give the 
composition of some of the more important 
corals, it is known that important changes 
in the composition take place at comparatively 
shallow depths in coral reefs. The calcium 
carbonate is largely replaced by magnesium 
carbonate, which may rise as high as 38%. 
This imperfectly understood phenomenon is 
known as dolomitisation, and has been most 
closely studied in the borings from the Atoll of 
Funafuti (J. W. Judd, Phil. Trans. 1904, “ The 
Atoll of Funafuti,” pp. 362-389 ; E. W. Skeats, 
Amer. J. Sci. 1918, 45, 185). It was found 
that down to the depth of 637 ft. dolomitisation 
had only occurred to a slight extent, the mag- 
nesium carbonate never exceeding 16% ; but 
the lower portions of the bore were very rich 
in magnesium carbonate, containing from 30 to 
43%. Different degrees of dolomitisation have 
been found in other bores in different reefs. 

Sandy islands on coral reefs are the home of 
innumerable sea-birds, and their excreta replace 
the carbonate in the coral by phosphates. This 
guano may be, as is the case on the coral reef 
known as Christmas Island, of commercial 
importance. The deposit may contain as much 
as 38-5% of phosphoric acid. 

(For an account of the distribution, structure, 
and formation of coral reefs, see J. D. Dana, 
“ Corals and Coral Islands ” ; C. Darwin, 
“ Coral-Reefs ” ; W. M. Davis, “ The Coral Reef 
Problem.”) 

A. P. 0. 

CORAL-ORE v. Cinnabar. 

COR AM I N E (C I BA). Pyridine 0-carboxy- 
diethylamide. Used as a cardiac stimulant. 

CORDEAU DETONANT or DE- 
TONATING FUZE. Several varieties of 
this fuze, which is used for firing a number of 
explosive charges simultaneously, have been 
manufactured, but the typo most largely used 
at present consists of a narrow lead tube filled 
with trinitrotoluene. It is fired by means of an 
ordinary detonator and safety fuze or by means 
of an electric detonator. 

H S 

CORDIALS AND LIQUEURS. These 
are spirituous mixtures usually sweetened and 
flavoured with essences obtained from herbs, 
spices or other substances, and often strongly 
coloured. They are manufactured and used to a 
much greater extent in France and other 
Continental countries than in the United 
Kingdom, and although there is no essential 
difference between them, the term “cordials” 
is by many restricted to British and American 
preparations, and “ liqueurs ” to those 
originating elsewhere. 

The spirit in the best quality of liqueur is 
derived from the grape, but grain, molasses 
or other spirit is frequently employed, especially 
in cordials. In the case of citrus cordials 
the spirit used is often prepared by fermentation 
of the juice of the fruit after the addition of 
sugar. Whatever the origin of the spirit it 
should be highly rectified, and unless obtained 
from the basic fruit it should be neutral in 
character, so as not to impair the flavour of the 
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finished product. The alcoholic strength of 
cordials and liqueurs varies greatly, but, on 
the average, they contain from 30 to 40% 
of alcohol, approximately equivalent to 50 to 
70% of proof spirit. 

The principal flavouring ingredients employed 
fall into three classes. Those used solely on 
account of their essential oils include aniseed, 
bitter almonds, caraway, juniper berries, mint, 
lemon-peel and orange blossom. Those valued 
for their bitter principles as well as their essential 
oils include cinnamon, cloves, curacoa apples 
(a kind of orange), gentian, ginger, orange- 
peel, sweet calamus, wormwood and vanilla. 
The third class of flavouring consists of fruits, 
such as cherries, pineapples, raspberries and 
strawberries. The flavourings are prepared for 
use either by digesting with alcohol and distilling 
the mixture to obtain an essence, filtering the 
alcoholic extract to form a tincture, or by 
expressing and clearing the juice of fruits. 
Those for citrus cordials are sometimes prepared 
by expressing the oil from the peel, the juice of 
the fruit being fermented, after the addition of 
sugar, to give the necessary spirit. Artificial 
essences simulating the above flavourings are 
frequently employed, but their use in beverages 
is questionable, since it is possible that their 
physiological action differs from that of the 
natural flavouring substances which they are 
intended to imitate. 

The sweetening material used may be sugar, 
honey or glycerol. In the case of the former it 
should be commercially pure and, before addition 
to the preparation, is dissolved in water to form a 
syrup. 

The colouring matters most commonly used 
are : red, aniline red, brazilwood, cochineal, 
cudbear, and sandalwood; yellow, saffron and 
turmeric ; blue, indigo ; green, chlorophyll ; 
violet, aniline violet; brown, burnt sugar or 
caramel. 

F. G. H. T. 

CORDITE. This smokeless powder, in 
various modifications, is the principal British 
Service propellant. It is usually in cord-like 
form, but for special purposes it is made into 
tubes with single or multiple perforations, 
and is sometimes used in the form of flakes 
made by slicing the cords. 

Composition . — Ordinary cordite is essentially a 
mixture of guncotton and nitroglycerin, gelatin- 
ised by means of acetone, together with a small 
quantity of mineral jelly (soft paraffin), the 
whole being thoroughly incorporated. The 
mineral jelly was originally added to prevent 
fouling of the rifle, but it was found to diminish 
erosion by acting as a cooling agent, to improve 
the regularity of the burning, and also to act as a 
waterproofing agent. The unsaturated hydro- 
carbons such as olefines and naphthenes present 
in the mineral jelly, by combining with the 
products of decomposition of the nitro-bodies, 
tend to stabilise the cordite. Furthermore, 
the mineral jelly to a certain extent protects 
the nitroglycerin and nitrocotton from atmo- 
spheric influences. 

The original cordite (Cordite, Mark I) was 
composed of nitroglycerin 58%, guncotton 37%, 
and mineral jelly 5%. The guncotton had a 
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nitrogen content of 12-8 to 13 1% and from 
about 10-12% was soluble in ether-alcohoL 
Owing to its high nitroglycerin content this 
cordite had a high temperature of explosion, 
and produced considerable erosion in guns of 
large calibre. In 1001 a. modified form was 
produced, known as Cordite M.D. In this 
variety the percentage of nitroglycerin was 
considerably reduced, the composition being 
nitroglycerin 30%, guncotton 65%, and mineral 
jelly 6%. 

Manufacture . — The guncotton containing 
about 30% of moisture is dried in a stove by a 
current of hot air until the moisture is reduced 
to about 0 5%. The cooled, dried guncotton is 
weighed out into rubber lined canvas bags and 
then taken to the nitroglycerin filtering house, 
where the requisite quantity of nitroglycerin is 
measured out through a rubber tube on to the 
guncotton. The bag is then earned to the 
mixing house where the contents are mixed by 
hand on a lead table which is perforated at one 
end with J in. holes through which the matenal 
is rubbed Into the bag below. The product at 
this stage is known as “ Cordite Paste ” To 
effect incorporation, part of the acetone is first 
poured into a kneading machine of the Werner 
i’fleider type, the machine started, and the 
cordite paste, together with the remainder of 
the acetone, about 56% of the weight of the 
guncotton in all, gradually added. The mixture 
is covered to prevent loss of acetone and the 
mixing continued for 31 hours. 

At the end of this time the charge of mineral 
jelly is added and the machine run for a further 
31 hours. During these operations the acetone 
gradually dissolves the guncotton and nitro- 
glycerin and thoroughly incorporates them with 
the mineral jelly. The resulting product is 
known as “ Cordite Dough.” The stiff dough 
becomes Bomewhat heated during the mixing, 
but the temperature is not allowed to exceed 
40°C., and is controlled by the water jacket 
with which the machine is provided. The dough 
is then conveyed m bags to tho press house, 
where it is squirted or pressed, by plungers 
working in cylindrical moulds, through a die 
with one or more holes according to the diameter 
of the cord required A perforated plate 
supporting a fine wire gauze is placed above the 
die to retain mechanical impurities. Pressing 
into tubes is effected by means of a die with a 
pin in the centre, but when small sizes are 
being pressed considerable trouble is experienced 
through a partial vacuum being formed and 
consequent collapse of tho tube. This can be 
avoided by the use of a hollow pin with com- 
munication to the outer air. 

The smaller sized cords are wound auto- 
matically on to reels as they leave the die, 
the larger Bizes are cut into the required lengths 

For drying, the reels of cordite and the 
larger sizes on trays are placed on open racks 
in stoves heated by steam pipes or by a current of 
air at a temperature of about 40°C. For the 
smallest sizes no Btove heating is required in 
the summer; all that is necessary is to keep 
tho cordite at a temperature of about 15°C. 
for a few days. The time required for drying 
the large sizes at 40°C. varies, according to the 


diameter of the cord, from 2 to 15 days. Cordite 
M.D requires a much longer time for drying 
than tho Mark I type, several months being 
necessary for the largest sizes. 

The drying process removes moisture and the 
greater part of the acetone, of which about 15% 
remains in the pressed cordite. Since the 
amount of acetone present is appreciable, 
arrangements are made for its recovery. One of 
the recovery processes is Robertson and Rmtoul'a 
{B.P. 25694, 1901) and consists in passing the 
acetone impregnated air from tho stoves through 
a series of towers down which a 30% solution 
of sodium bisulphite is trickling. The acetone 
combines with the bisulphite and when the 
solution 19 nearly saturated it is transferred to a 
still where after the addition of a little sodium 
carbonate the liquor is distilled. The acetone 
thus recovered is purified by fractionation. 

After drying is complete, different batches of 
cordite are thoroughly blended in order to 
obtain uniformity of composition and ballistic 
properties. This is effected in the cose of the 
smaller sizes by rewinding several reels simul- 
taneously on to a Bingle drum. The larger sizes 
are blended by hand, the sticks from the drying 
stove trays being placed in boxes and the 
contents of these mixed by combining a few 
from each box, the operation being repeated 
Before blending, the sticks are carefully 
examined and any which are badly distorted or 
contain specks of foreign matter are discarded 

Properties —Cordite vanes in colour from 
light to dark brown The thin cords of the 
Mark I material are flexible, but the larger sizes 
break easily when bent Cordite SI D is 
considerably harder and more brittle and is 
difficult to cut with a knife. 

The specific gravity of Cordite, Mark I, is 
about 1 66-1 -57, that of Cordite M D being 
1-58-1 59. 

Cordite is wafer repellent and can be kept 
under water, salt or fresh, for some time with- 
out ita explosive properties being affected. 
Even when fired wet in a gun tho ballistics 
only fall off to the extent duo to the evaporation 
of the water. On prolonged cold storago the 
nitroglycerin exudes Blightly, but is gradually 
re adsorbed when the temperature rises. 

Cordite does not ignite vciy readily, but 
once ignited bums relatively slowly with a 
strong yellowish flame which is practically 
smokeless. A stick becomes pointed at the 
end aa it bums and the flame can be extinguished 
by blowing strongly on it. A considerable bulk 
of cordite can he burnt in tho open without any 
explosion. It only bums explosively when 
strongly confined. If ignition of cordite con- 
fined in wooden boxes occurs, tho material dees 
not explode, but bums quietly, although tho 
boxes may be burst open by the escaping gases. 

Owing to the difficulty m ignition of cordite a 
stronger cap of different composition is necessary 
to iguito the fine cordite in small arm ammuni- 
tion than was required for black powder, and 
to ensure the ignition of the larger sizes the 
charge of cordite has to bo primed with an 
ordinary black powder or guncotton primer 
which passes on the flash of the igniting tube 
to the charge. 
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Cordite is very insensitive to shock and 
cannot be exploded by the passage through 
it of a rifle bullet. Exhaustive trials under 
very varied climatic conditions have shown that 
the ballistic stability of cordite is of a high 
order. The ballistic power is very nearly four 
times that of black powder owing to the 
increased volume of gases liberated per unit 
weight and the high temperature of the explosion. 

Cordite can give a pressure of more than 120 
tons per sq. in. as compared with the maximum 
of 43 tons obtainable with black powder, but 
in practice the pressure in the gun does not 
nearly attain this figure owing to the relatively 
large size of the gun barrel compared with the 
volume of the cordite. 

The ballistic properties of cordite are more 
influenced by temperature than is the case with 
black powder, the pressure developed and the 
velocity of the shot being greater at increased 
temperatures, but not to the extent of seriously 
modifying the shooting under Service conditions. 
Cordite bums more quickly under high pressures 
than low and the smaller the size of cord the 
more rapid is the combustion. The pressure 
due to cordite is more gradually developed in 
the gun than is the case with black powder and 
is better sustained. 

Numerous analyses of the products of explo- 
sion of cordite have been published by Noble 
(Proc. Roy. Soc. 1905, 76, 381). The following 
results were obtained by exploding the powders 
in a calorimetric bomb, the loading density 
being 0-05 : 



Cordite, 
Mark 1. 

Cordite 

M.D. 

Vol. permanent gas ml. 



per g 

6780 

781-8 

V ol. total gas ml. per g. . 

877-8 

955-4 

Composition of permanent 



gas : 

% 

% 

Carbon dioxide 

27-15 

18-15 

Carbon monoxide 

34-35 

42-60 

Hydrogen .... 

17-50 

23-15 

Methane . 

0-30 

0-35 

Nitrogen 

20-70 

15-75 


100-0 

100-0 

Composition of total gas : 



Carbon dioxide 

20-97 

14-85 

Carbon monoxide 

26-53 

34-87 

Hydrogen .... 

13-52 

18-95 

Methane 

0-23 

0-29 

Nitrogen 

15-99 

12-89 

Water 

22-76. 

18-15 


100-0 

100-0 

Pressure tons/sq. in. 

2-9 

2-7 

Heat evolved (water liquid) 



cal. per kg 

1,272 

1,030 

Temperature of explosion 



(calculated) .... 

5,151°C. 

4,056°C. 
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The temperatures being calculated with very 
low values for the specific heats, are consequently 
high and have only relative value. The tem- 
perature' of explosion as determined by -Robert- 
son was found to be 2,663°C. for Mark I, and 
2,374°C. for Cordite M.D. 

The larger volume of gaseous products and 
the lower temperature of explosion explain 
why the erosive effect of Cordite M.D. is so 
much less than that of Cordite, Mark I. 

The erosive effects of cordite are less than 
those of black powder and of a different charac- 
ter. With the latter, the bore of the gun is 
pitted by the corrosive action of the products 
of combustion, whilst with the former only the 
surface near the powder chamber is smoothly 
washed away by the passage of the hot gases 
between the projectile and the bore before the 
inertia of the shot is overcome. 

Cordite M.D. gives far less flame than 
Cordite, Mark I, when used in rifles or machine 
guns. 

Analysis of Cordite, Mark I and M.D . — 
Volatile Matter. 5 g. of the ground cordite are 
heated for 3 hours on a boiling water plate in an 
aluminium dish covered with a glass cone, both 
of specified dimensions (see Marshall, J.S.C.I. 
1904, 23, 154). 

Ouncotton. — 2 g. of the ground cordite are 
extracted with ether for 2£ hours in a weighed 
Soxhlet thimble. The residue is dried at 82°C. 
until constant in weight. 

Mineral Jelly. — The ether extract is evaporated 
to dryness and the nitroglycerin is removed 
by treatment with methyl alcohol. The 
alcoholic solution is filtered and any mineral 
jelly which has been transferred to the filter is 
washed back into the flask by means of ether. 
The ether is distilled off and the residue dried in 
the boiling water oven, any traces of nitro- 
glycerin vapour being removed by a current of 
air. The drying operation is continued until 
the mineral jelly is of constant weight. 

Nitroglycerin. — This is usually estimated by 
difference. 

Abel Beat Test. — This is the British official 
heat test which is applied to nitro explosives 
generally. The principle of the test is to note 
the time required to produce a standard tint on 
a potassium iodide starch paper when the 
explosive is heated under specified conditions. 
The explosive is weighed out into test tubes 
about 5J to 51 inches long having a capacity 
of 20 to 22 ml. when filled to a height of 
5 inches. They are provided with an india- 
rubber stopper fitted with a glass rod terminating 
in a platinum wire hook. On the hook is 
suspended a test paper about 10x20 mm. in 
area, the upper half of which is moistened with a 
mixture of equal parts of glycerol and water. 
The test tubes are placed to a depth of 3 inches 
below the cover of a water bath, the temperature 
of which is carefully regulated at the specified 
temperature (usually 160-180°P.). The water 
bath is a spherical copper vessel about 8 inches 
in diameter fitted with a cover having a 
number of circular holes (usually six) and 
fitted on the underside with clips to take the 
tubes. The bath is fitted with a thermometer, 
the bulb dipping 2J inches into the bath, and 
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usually some form of temperature regulator. 
The test is complete when the faint brown 
line, which appears at the junction of the wet 
and dr y parts of the test paper which is adjusted 
to be | of an inch above the cover, is equal m 
tint to the brown line on a standard tint paper. 

Cordite R.D.B. — Owing to the shortage of 
acetone daring the War a further modification 
known as Cordite R.D.B. was introduced. 
This variety contained nitrocotton 62%, 
nitroglycerin 42%, and mineral jelly 6%, the 
nitrocotton having a comparatively low nitrogen 
content (12-12 2%) and capable of being 
gelatinised by means of ether-alcohol 

This cordite was designed to give similar 
ballistics to cordite M.D , and in practice it was 
found to be in no way inferior to the latter in this 
respect. 

In the case of Cordite R D B. the solvents were 
originally recovered by absorption in sulphuric 
acid. The Daniel and Bregeat process (B.P. 
127309) takes advantage of the property of 
phenol and its homologues such as cresot of 
absorbing ether and alcohol, and this method 
of solvent recovery was employed at various 
factories during the War with very satisfactory 
results, about 80% of the total solvent being 
recovered. 

H. S. 

CORDYLITE or BARIUM-PARISITE. 

Carbonate and fluoride of cerium metals and 
barium, (CeF)jBa(CO a ),, containing Ce,O s 
23 72% and (La,DI),0 4 25 67%. It occurs as 
small, pale wax-yellow, club shaped hexagonal 
crystals in syenite pegmatite at Narsarsuk near 
Juhanehaab m south Greenland, apgr. 4 31. 
It is jsomorphous with, and closely related to, 
pansite. 

L. J. S. 

COREOPS IN E POUR CUIRo. Acridine 
Dyestuffs (Vol. I, p. 133). 

CORIANDER. — The dried fruit (seed) of 
Coriandrum sativum Linn. (Fam. Umbellifera*), 
indigenous to Italy, but cultivated throughout 
Europe, especially in Russia. The plant is an 
herbaceous annual with an erect and branching 
stem rising to about 2 ft. m height. It bears 
white or pinkish flowers in June and the fruit 
ripens : m X'ogust, Vne drafts Vmng in distinct 
contrast to all those other umbelliferous plants 
employed for flavouring purposes in that they , 
are globular with * diameter about twice the 
size of mustard seed. The plant is abnormal 
also in that any part of the fresh plant, when 1 
bruised, emits a feet id odour, whilst the fruit 
becomes fragrant on drying. The plant is cut 
and threshed when the fruit is ripe. The fruit 
is composed of two pale yellowish -brown sub 
globular mericarpa united, at their margins, • 
2 to 4 mm. in diameter, and in cross-section 
reveals its similarity to other umbelliferous 
fruits, in that each mencarp possesses five' 
primary wavy ridges but with four more 
prominent, straight, secondary ridges VitUe, i 
or oil ducts, are only present on the commissural 
sides of the npe fruit, two in each mericarp; 
there are many other* in the unnpe fruit, 
but these disappear as it develops. The taste 
is sweet and aromatic, and the fruits are 


largely used for flavouring purposes, especially 
in curry powder, and as a carminative. 

Microscopic Appearance —During ripening 
the outer pericarp is almost entirely discarded, 
bo that etomata ate seldom observed, and the 
chief diagnostic features are the pitted fusiform 
cells of tho ligntfied sclerenchyma, which are 
only present on tho outer surface of tho mericarp. 
These aro five to ten layers deep and cross each 
other. The vitt-n are 300 to 400ft in diameter. 
The inner mesocarp merges into tho endosperm 
and consists of thick-walled parenchymatous 
cells, containing aleurone grama, fixed oil, and 
minute rosettes of calcium oxalato. 

Chemical Composition. — C. Arragon (Ann. 
lalsif. 1915, 8, 345) gives the following com- 
position of a sample of coriander fruit : 

Water . .92 

Ash . . . . 7 01 

Fat 20 6 

Essential oil ... 22 
Protein . . . . 14 2 

Fibre . . . 24 7 

Starch and reducing 

substances . . 21-2 

AU the figures other than water aro on the 
dry material. 

The principal constituent is tho essential oil, 
which vanes from 0 4 to 10%, the figure 
obtained by Arragon (supra) is high, and the 
beat method of determination is probably that of 
Cocking and Middleton (Quart J. l'harm. 
1935, 8, 435). The powdered fruit is mixed with 
brine, distilled, and the vapours passed through 
the top of a condenser into a graduated tube, 
in which the oil is collected whilst the condensed 
water is returned to the distillation flask. An 
air inlet or outlet is provided by means of a side 
tube below the condenser but above the gradu- 
ated tube. These authors found that the yield 
of oil is increased slightly by powdering the 
fruits before distillation, but that tho powdered 
drug loses oil on storage. They found from 
0-25 to 0 40% of oil in commercially powdered 
fruit. For further details of the oil, see 
Coriander, Essential Oii. or. 

Standards. — The “ British Pharmacopaua " 
requires Ynat coriander snau contain m/t "mom 
than 2% of foreign organic matter, ash not 
more tnan 7%; acid insoluble ash not more 
than 1%. 

T, McL. 

CORIANDER, ESSENTIAL OIL OF. 
The oil distilled from the ripe fruits of 
Coriandrum sativum Linn. (Fam Umbellifera;), 
a native of central Europe and cultivated in 
Morocco, Thuringia, Russia and Intha. It is 
alao grown m Cyprus. Other parts of the plant 
yield an inferior oil having a bug like odour. 

Constituents — The chief odorous constituent 
is d bnalool, formerly known as conandrol. 
The terpenes present aro a-pmene, pinene, 
p cymene, dipentene, tcrpinolene, terpwene, 
and phellandrene. It also contains traces of 
bomeol, gcramol, n decylic aldehyde, and esters 
of acetic and decylic acids. 

Characters. — A colourless or pale yellow oil, 
*P gr, 0 879-0 885, optical rotation + 8" to + 13% 
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ref. ind. 1-456 to 1-478. Soluble in 3 volumes of 
70% alcohol. Alcohols determined hy formyla- 
tion 60 to 80%. The determination of linalool 
cannot be made by the acetylation process 
owing to the decomposition of the alcohol. 

This oil is used largely in the manufacture of 
liqueurs and in the chocolate industry. It is also 
employed in medicine as a carminative and 
flavouring agent. 

C. T. B. 

CORIANDROL v. Coriander, Essential 
Oil of. _ 

CORINDITE is the name given to a refrac- 
tory and abrasive material which has been 
claimed as a “ new product.” In 1914 a 
French engineer, Noel Lecesne, patented a 
process of fusing bauxite economically. A 
mixture of 3 parts crude bauxite, as quarried, 
and 1 part of anthracite is heated in a cupola 
oven and air blown into the lower portion. 
The bauxite is reduced, with the formation of 
aluminium carbide, which in the presence of 
excess of air is almost entirely oxidised to 
alumina, the heat of the reaction being such 
that the mass fuses in successive layers. On 
cooling, a vesicular mass is left, through which 
an immense number of small crystals of fused 
alumina are disseminated (F.P. 471513; 

J.S.C.I. 1915, 34, 356). There are two varieties 
of French bauxites, white and red ,- the former 
when fused has a melting-point of 1,950°C., 
the latter resembles emery and is a powerful 
abrasive. It is stated that Irish bauxite (Larne), 
white and low in A I hitherto of little 

commercial value, gave a product equal to that 
obtained from French material. The crushed 
corindite is mixed with finely-ground refractory 
binders, such as bauxite, kaolinitic clay, etc., 
moistened and moulded into shapes which have a 
very low air-shrinkage. Tho dried bricks are 
fired at 1,350° to 1,400°C. and up to 1,750°C. 
show very little variation in volume. The 
porosity varies with the mechanical composition 
of the mixtures and ranges from 9 to 12%. 
Lime, magnesia, etc., are not suitable binders 
as they lower the refractoriness. Corindite 
articles also have great resistance to deprecia- 
tion and have been recommended for rotary 
cement kilns, heavy oil and gas engines, coke- 
ovens, etc. (Bigot, Trans. Ceram. Soc. XVIII, 
267 ; La Ceramique, 1917, 20, 41 ; Eng. and 
Min. J. 1917, 104, 417; J.S.C.I. 1917, 36, 1094). 

W. C. H. 

CORINTH RK (INDANTHRENE 
GREY K) v. Anthraquinone Dyestuffs 
Vol. I, p. 420a. 

GORIOFLAVINE. An acridine dyestuff 
v. Vol. I, p. 133c. 

CORI PHOSPH I NS are acridine dyestuffs 
o. Vol. I, p. 1326. 

CORK. Cork is derived from the bark of 
two evergreen species of oak, Quercus Suber 
Linn., sometimes regarded as a variety of Q. 
Ilex (holm-oak) rather than as a distinct species, 
and Q, occidentalis Gay. The former yields 
tho best cork, and grows chiefly in countries 
bordering the Mediterranean, whilst the latter 
occurs on the Atlantic seaboard of Portugal, 
Spain, and France. 

The chief sources of supply of cork are Spain 


and Portugal, which together produce about 
four-fifths of the world’s output. Algeria and 
Tunis also contribute to the supply, and smaller 
quantities are obtained in Southern France, 
Corsica, Sardinia and Sicily. 

The cork tree is from 20 to 60 ft. high, 3 to 4 
ft. in diameter, and attains an age of 150 or 
sometimes even 200 years. It thrives best on 
sandy or granitic soils. The quality of the bark 
depends on the nature of the soil, trees on 
poor soils producing bark of fine texture whilst 
those on rich soils give a thicker, coarser 
and spongy bark. The cork is developed in the 
cortex by the activity of a meristematic layer of 
tissue, the phellogen or cork cambium. 

Barking the Trees. — This operation requires 
great care, as on it depend the life of the tree 
and the regularity of the cork Blabs produced. 
Two cuts are made round the stem — one a little 
above the ground and the other just beneath 
the spring of the main branches. Three or four 
vertical cuts are made and the bark is stripped 
off by inserting beneath it the wedge-shaped 
shaft of the implement used to make the 
incisions. Care must be taken not to injure the 
phellogen. The first stripping is effected when 
the tree is 15-20 years old. The product, 
termed “ virgin cork,” is rough, uneven, and 
woody in texture, and is of little value as it is 
not sufficiently elastic for use as bottle corks. 
It was formerly used for tho production of 
Spanish black and for ornamental rustic work, 
but of late years it has been employed in the 
form of ground cork for insulating purposes 
and for linoleum manufacture. After 8-10 
years a further layer of cork is removed from 
the trees ; this, known as “ secondary bark,” 
is of much better quality than the virgin cork 
but not so fine in texture as the third and later 
strippings, which are collected at further intervals 
of 8-10 years. 

After the slabs of cork have been taken from 
the trees, they are stacked and w-eighted with 
heavy stones to flatten them. The cork is 
then immersed for 5 or 6 minutes in a tank of 
boiling water which causes it to swell and 
improves its softness and elasticity; the water 
also removes tannin and other soluble matter. 
In Spain the cork is sometimes passed through a 
fire, whereby it is superficially charred, and is 
supposed to acquire special qualities. The slabs 
are finally hydraulically compressed and baled 
for the market. 

Physical Properties and Uses. — The chief 
characteristics of cork that render it peculiarly 
suitable for the various uses to which it is 
applied are its low sp.gr. (average about 0-16), 
its compressibility, elasticity and imperme- 
ability to both air and water, and its low 
thermal conductivity. In addition to its 
extensive employment in bungs and stoppers 
for bottles and other vessels containing liquids, 
it is used in making mats, soles for shoes, linings, 
artificial limbs and many other articles. 

Waste cork is granulated by suitable 
machinery, and then ground to powder. The 
finest dust is used in conjunction with linseed 
oil for the manufacture of linoleum and other 
floor coverings. The most important use of 
cork waste, however, is as insulating material. 
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Many methods have been devised for the 
manufacture of moulded slabs in which use has 
been made of various binding materials, such as 
gluten, casein, tar, pitch, and mixtures of glue 
with oily and resinous substances. Another 
method of making cork slabs or boards is 
carried oat by placing the ground waste in iron 
moulds, subjecting it to heavy pressure and 
heating it in an oven at about 456-500°. This 
treatment effects the cohesion of the cork 
particles without the addition of any extraneous 
material, and the product is termed “ baked 
slab cork.” 

Chemistry of Cork. — Cork consists essentially 
of subenn, but contains about 2 9% of cenn or 
cork wax (m p. 250°). According to Karrer, 
Peyer, and Zega (Heir. Chim. Acta, 1922, 5, 
853) cellulose is present to the extent of 1 6- 
3 0%. The composition has been Btudied by 
Zetzsche and his co workers (Helv. Chin Acta, 
1027, 10. 346, 1928, 11. 272; 1931, 14. 632). 
Kuglcr (Arch Pharm. 1884, 217), Gilson (‘bid 
1890, 690). Hy Ingle (JSC I 1904, 1197), 
M. von Schmidt (Monatsb. 1904, 25, 277, 302 , 
1010, 31, 347) 

Gilson saponified cork from Q Suber with 3% 
alcoholic potash, and isolated from the filtrate 
44% of fatty acids, consisting of: “ phellomc 
acid,” Cj,H 4 ,Oj, mp 102°, a monobasic acid 
giving a violet colour with Mac chloride iodine 
solution, yield 8% , “ subenmc acid,” C 17 H 30 O 3 , 
a semi fluid sticky substance, yield 36%; and 
a small amount of * ‘ phloiomo acid,” C,jH 4 ,O gl 
m.p. 62-63°. He considered subenn to be a 
mixture of complex esters and possibly condensa 
tion product# of different acids Scurti and 
Tomassi (Gazzetta, 1916, 46, [a], 159) have found 
that phellomc acid is identical with a-hydroxy- 
bchenic acid and that eubermic acid is either 
ncinoleic acid or an uomende of it 

Schmidt expressed the view that suberin was 
partly composed of glycerides, although pre 
viously only small quantities of glycerol bad 
been found among the degradation products of 
cork. In order to account for the excess of 
acids above the amount required to form the 
glycendes, he suggested that they were present 
as anhydrides or polymerides. He was further 
of opinion that young cork contains glycerides 
only, which, under the influence of air, light, 
and probably also of enzymes, suffer hjdrolysis, 
the glycerol being partly oxidised to carbon 
dioxide and water whilst the fatty acids partly 
polymerise and partly form anhydrides 
Zetzsche considers that subenn consists of 
high molecular polymerides of unsaturated 
acids, mainly hydroxy-acids, and regards 
Schmidt’s hypothesis that they are present 
as anhydrides as unlikely. On hydrolysing 
pure cork (prepared by the action of boiling 
aqueous sodium sulphite on crude cork) with 
alcoholic sodium hydroxide, Zetzsche and 
Sonderegger found that sodium phellonate 
(a hydioxybehenate) separated and that the 
acids from the other sodium salts were phloionic, 
corticmic, suberic, suberolic, and pklotondic, 
the total acid fraction amounting to 28-36% of 
the crude cork. 

When treated with strong nitric acid, cork is 
converted into suberic acid, oxalic acid, and 


other products. It is charred by strong sub 
phuric acid, but is little affected by hydrochloric 
acid. Chlorine, bromine, and iodine cause cork 
to shrink, the two former first bleaching it. 
On ignition it swells and forms a charcoal 
known as Spanish black. 

E. G. 

CORNISH STONE v. China Stone. 

CORN OIL or MAIZE OIL v. Cereais, 
Maize. 

CORNUITEtr. Chrysocolea. 

CORONILLIN, C M H„O 10 , [o] d -17 6°, 
the glycoside of the seeds of CoromUa ecorptoides 
and C. varta, is hydrolysed to glucose and an 
aglucone, C n H„0«. It is not attacked by 
emulsin, although split by one of the enzymes in 
Aspergillus mger. The glycoside is very toxio 
and has a moderate cardiac and low diuretic 
action (Tanret, Compt rend. 1934, 198, 1637). 

E. F. A. 

COROZO. Vegetable ivory, the seeds of 
the PhyUlephas macrocarpa. 

CORROSION OF METALS. General. 
— Corrosion is a chemical process which results 
m the wastage or deterioration of metals, 
and may thus be distinguished from erosion, 
which denotes a wearing away by mechanical 
agencies. Corrosion may occur cither as a 
“ direct chemical ” or as an “ electrochemical ” 
attack, but these are phases of the same funda 
mental process, the essential feature of which is 
a decrease in the free energy of the system. 
Conditions favouring the first type are more 
often afforded by contact with gases or moisture- 
containing atmospheres, whilst immersion in 
liquids favours the production of electrical 
currents and henco the second type of attack; 
but this is by no means a goneral rule, and 
the distinction between atmospheric and 
immersed corrosion is usually dictated by other 
factors to bo considered later. 

The end product of a corrosion process is 
often a compound which is found in naturo as a 
mineral Thus, copper exposed for many years 
to an inland atmosphere becomes covered with a 
coating of basic sulphate which is similar to 
the mineral brochantile and iron or steel when 
totally immersed m certain waters and salt 
solutions, yields, after long periods, hard deposits 
of hydrated feme oxide which closely rescmblo 
goethite Corrosion is thus the reversion of a 
metal from a metastable metallio state to a 
stable oxidised state, metals which occur as 
such m nature, t g gold, do so because they are 
corroded only by reagents not commonly found 
in nature, or because, as in tho case of copper, 
they occur " native ” in certain strata from 
which oxygen and salt solutions are largely 
excluded. Structurally, corrosion may affect 
a metal in several different wayss (1) The 
changes are confined essentially to the surface, 
on which the corrosion product may either 
accumulate or be removed in solution or other- 
wise, leaving a residue of unaltered metal. 
(2) The changes at the surface are accompanied 
by more or l6ss inter crystalline penetration; 
this “ mtercrystalhne corrosion ” leads to brittle- 
ness or weakness in the underlying metal 
although the bulk of it may have undergone no 
change. (3) The changes are definitely not 



CORROSION OR METALS. 


3G7 


confined to the surface, but extend throughout 
the mass of the material (“ metasomatic 
change ”). In extreme cases a complete change 
of composition may be effected whilst the 
article retains exactly its external shape. 
Examples are provided by the “ graphitisation ” 
of cast iron and the so-called “ dezincification ” 
of brass, reference to each of which will be made 
later (see “ Corrosion by Sea-water ” p. 381 
and “ Corrosion by Soils,” p. 384). 

Methods for protection against corrosion 
should theoretically exclude entirely all sub- 
stances which promote reversion to the stable 
condition. These vary with the metal but 
usually include oxygen, as gas or in solution, 
and water-soluble substances ; these are 
difficult to exclude entirely, and advantage may 
then be taken of the so-called “ self-stifling ” 
processes which are described later. A detailed 
knowledge of tho mechanism of corrosion may 
often provide the key to corrosion protection 
processes, and an immense amount of work has 
been done to elucidate this mechanism. 

It is convenient to divide the consideration of 
this subject into two parts, one dealing with 
metals wholly or partially immersed in liquids, 
and the other with metals exposed to gas 


atmospheres from which liquid water may or 
may not be deposited; a justification for this 
procedure is that the factors which control the 
rates of corrosion in the two sets of conditions 
are in general different. (By “ controlling 
factor ” is understood that factor which, under 
the particular conditions, has the greatest 
influence in restricting the rate of corrosion.) 
For example, it is characteristic of many 
kinds of atmospheric corrosion that oxygen is 
present in excess at or close to the metal surface 
and consequently the rate of corrosion is usually 
controlled by some factor other than the rate of 
oxygen supply, e.g. by the humidity, the presence 
of other gases such as sulphur dioxide, or the 
nature of the initially formed corrosion product ; 
on the other hand, when a metal is immersed in a 
salt solution the rate of corrosion is often 
dependent largely upon the rate at which oxygen 
reaches the metal surface or its immediate 
neighbourhood. It is for this reason that 
differences both in composition of the metal 
and also in climate give rise, in general, to much 
greater differences in behaviour on complete 
exposure to the atmosphere than under con- 
ditions of complete immersion in the sea. This 
is illustrated in Fig. 1, taken from a paper 
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by Robert Hadfield and S. A. Main (J. 
Inst. Civil Eng. 1936, 25) in which the 
authors survey the results of 5-year field tests 
of the Institution of Civil Engineers. It is 
apparent from this diagram that maximum 
differences are exhibited by the aerial tests, 
maximum agreement by the complete immer- 
sion tests, whilst the tests representing “ half- 
tide ” conditions occupy an intermediate 
position. 

The surfaces of most industrially important 
metals exposed to the atmosphere become 
covered with a film, visible or invisible, which 
may influence subsequent corrosion processes. 
This film is frequently an oxide of the exposed 
metal, and its properties will vary with the metal 
and the conditions of exposure. It may largely 
protect the metal from further reaction, e.g. 
tho oxide layer on aluminium which hinders the 
attack of many salt solutions, and the oxide 
layer on copper which appreciably slows down 
atmospheric attack. Of special interest is the 
resistance of the stainless alloy steels to the 
corrosive attack of many atmospheres and 
solutions ; this is probably largely due to the 
protective effect of complex oxide layers 
formed on their surfaces. On ordinary carbon 
steels, however, the oxidised layer has little or 
no protective capacity when the metal is freely 


exposed to attack by the atmosphere, or by salt 
solutions or industrial waters. The films formed 
by exposure to atmospheric conditions may be 
so thin as to be almost or quite invisible, but 
heating the metal surface increases the reaction 
rates and may produce thicker films which show 
interference colours. Still thicker films formed 
on steel, for instance, show inherent colours, 
and may crack and flake away locally during 
cooling and this may cause a localised electro- 
chemical attack if the metal is exposed to the 
action of a salt solution. The thick film which 
remains on the metal acts as the cathode of an 
electrolytic cell with the bare metal as anode. 
Then, if there is an ample supply of oxygen to 
the cathode, and the ions in the electrolyte do 
not react to form an insoluble, impervious film at 
either electrode, localised action or pitting may 
occur at the anode. 

Further discussion will now be grouped under 
two headings, dealing with atmospheric and 
immersed conditions respectively, to be followed 
by rather more specific treatment of corrosion 
in sea-water and in soils. In a survey of this 
kind it is impossible to give complete references 
to original work ; the references in the text 
must therefore be regarded only as general 
guides, and for bibliographical details and more 
extended information the reader is referred 
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to the following works : “ Metallic Corrosion, 
Passivity and Protection,” by U. R. Evans; 
London, Edward Arnold k Co., 1937. “ Corro- 
sion, Causes and Prevention,” by Frank N. 
Speller ; New York, McGraw-Hill Book Co., 
2nd ed., 1935. “Bibliography of Metallic 
Corrosion,” by W. H. J. Vernon; London, 
Edward Arnold k Co., 1928. 

Atmospheric Corrosion. 

It has been mentioned that atmospheric 
corrosion comprises reactions of both the metal- 
gas and the metal-liquid type. By the latter is 
understood any reaction into which water enters, 
hut not necessarily one in which the presence of 
liquid is evident to the eye. Investigations 
have shown that in air containing the usual 
traces of impurities it is not necessary for the 
peteorological dew-point to be reached for 
reactions of the second type to occur; the 
appropriate conditions are frequently realised 
well below saturation provided a critical 
humidity is exceeded, the precise value of which 
depends on the metal and on other factors. 
Atmospheric corrosion phenomena may be 
considered, therefore, as falling into three 
groups: (1) The relative humidity is consistently 
below the critical humidity. (2) The relative 
humidity, either continuously or periodically, 
rises above the cntical humidity. (3) The 
rnctal is freely exposed to the open air, and is 
thus subject both to rain and to relative 
humidities that vary over the widest possible 
range. Conditions below the cntical humidity 
favour, by direct oxidation, the formation of 
invisible oxide films, which may sometimes 
have an important bearing on the subsequent 
course of attack; usually, however, it is the 
mode of breakdown of the film that is of major 
importance and in this respect the common 
metals present varied but characteristic 
features. Both the formation and breakdown of 
primary (invisible) oxide films will therefore be 
considered. 

Formation or Primary (Invisible) Oxide 
Films — Most metals undergo oxidation on 
exposure to air or oxygen. The process may 
be regarded as reversible, » e. M+O^MO, 
tne direction depending upon tne pressure ol 
atmospheric oxygen. The minimum pressure 
required to send the reaction to the right is, 
however, for base metals excessively low at 
ordinary temperatures and for noble metals 
excessively high ; this, in fact, constitutes a 
useful distinction between these classes of 
metals. It is now known that apparently clean 
surfaces of metals are frequently covered with 
invisible films of oxide and the properties of 
these thin films have within recent years been 
studied by gravimetric, optical, photo-electnc, 
and electron-diffraction methods. 

The invisible oxide film on copper confers 
marked protection against tarnishing (infra) 
provided that the thickness exeetfa a critical 
value which appears to be such that the unit 
lattice of cuprous oxide is completed for the 
whole surface (Vernon, J.C.8, 1Q26, 2273). 
Rate of oxidation increases rapidly with tem- 
perature, the relationship being given by the 


equation d log W/d T-— Q/RT*, where Vf 
corresponds to corrosion rate (conveniently 
weight increment after a given time) and T is 
the absolute temperature. This expression, 
which is identical in form with the empirical 
equation of Arrhenius, was developed inde- 
pendently by Dunn (Proc. Roy. Soc. 1926, 111A, 
203) from quantum principles for the special 
case of metallic oxidation. For copper, experi- 
mental agreement (linear relationship between 
log W and 1/T) has been established from 60“ 
to 200° (Vernon, ibid.) and, without change of 
constants, from 250° to 600° (0. F. Hudson et at , 
J. Inst. Metals, 1929, 42, 243). The lower range 
includes the temperatures within which charac- 
teristic) interference (“ temper ”) colours are 
produced, first, second, and third orders of 
colours being discernible. The relationship 
between oxidation and time throughout both 
ranges of temperature is given consistently by a 
quadratic parabola, as would be expected on the 
view that thickening of the film proceeds by 
lattice diffusion of oxygen through an envelope 
the continuity of which is always maintained. 
The thinner films have been identified by 
Darbyehire (Trans. Faraday Soc. 1931, 27, 675), 
using electron-diffraction methods, as consisting 
of cuprons oxide, CujO; this has a lattice 
structure very similar to that of metallic copper, 
and there can be no doubt that the process is 
one of direct oxidation. At ordinary tempera- 
tures, in atmospheres of appreciably high 
relative humidity, the process appears to be 
more complex and it is probable that hydroxide 
enter* into the composition of the film. 

For aluminium and for lead, oxidation time 
curves show an extremely protective type of 
film; exponential in form in the early stages, 
the curves rapidly flatten towards the time axis, 
with which they become nearly parallel in about 
10 dayB, the estimated thickness of film then 
being about 10~* cm. Preston and Bircumshaw 
(Phil. Mag. 1936, 22, 654) have shown by 
electron diffraction that the oxido film on 
alu mini um at room temperature is amorphous 
and that crystallisation does not commence until 
the temperature reaches 680°. Zinc is remark- 
able inasmuch as in ordinary air (free from local 
pollution but containing the usual traces of 
imporfuea'j oxihation lonows a linear re'iaficm- 
ship with time. The interpretation of this is not 
altogether clear, but is probably associated with 
the breakdown and repair of the primary film. 
The mam film is granular in structure and docs 
not show interference colours ; access of atmo- 
sphere to the metal must bo assumed to take 
place through relatively wide interstices in the 
film instead of by diffusion through a con- 
tinuous envelope (Vernon, TranB. Faraday Eoe. 
1927, 23, 159). 

The formation of the invisible oxide film on 
iron presents a number of distinctive features. 
It was formerly thought that in the absence of 
factor* that give rise to rusting the oxide film 
at ordinary temperatures censes to thicken, 
whilst still extremely thin, almost immediately 
after formation. It has, however, been shown 
(Venion, Tran*. Faraday Soc. 1035, 31, 1868) 
that growth of film proceeds continuously, 
although on ordinary massivo metal inter* 
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ference colours do not develop unless the 
temperature rises above a critical value of very 
nearly 200°. Below this temperature the 
film takes on a brownish appearance which, 
beyond darkening, undergoes no further change 
on prolonged exposure. At higher temperatures 
the first brown or “ straw ” colour progresses 
continuously through the familiar sequence of 
“ temper colours.” Relationship of oxidation 
with temperature follows the equation 

A log W/dT=— Q/RT 2 

above and below the critical temperature, 
at which there is a change of constants resulting 
in an increased slope of the log W— 1/T curve at 
the higher temperatures. The oxidation-time 
curves are quadratic parabolas above 200°, 
but below this temperature they are modified 
considerably and correspond approximately 
with the empirical equation W 2 ' 5 =K1. Electron 
diffraction evidence has confirmed that these 
changes are associated with a change in the 
structure of the primary film, i.e. yFe 2 O a 
below and aFe 2 0 3 above 200° (Preston and 
Bircumshaw, per Vernon, ibid. 1677). See also 
H. R. Nelson, “ The Primary Oxide Film on 
Iron,” J. Chem. Physics, 1937, 5, 252. 

Some of the primary oxide films may be 
removed from the metal by suitable stripping 
processes. The oxide film produced on alumin- 
ium by heating in air was isolated (Seligman and 
Williams, J. Inst. Metals, 1920, 23, 169) by 
dissolving away unoxidised metal in hot nitric 
acid, and that on ordinary unheatcd aluminium 
(Withey and Millar, J.S.C.I. 1926, 45, 173T) 
by volatilising the metal as chloride in a 
stream of dry hydrogen chloride; a similar 
method was used (Sutton and Willstrop, J. 
Inst. Metals, 1927, 38, 259) for isolating the 
film from anodically-oxidised aluminium. Evans 
(J.C.S. 1927, 1020, Evans and Stockdalo, ibid., 
1929, 2651, isolated oxide films from iron 
and steel by the action of a saturated 
solution of iodine in 10% aqueous potassium 
iodide, or by anodic attack of the iron in a 
solution of sodium chloride ; the films obtained 
were either fragmentary or complete according 
to the temperature and time of previous 
exposure. 

Thin oxide films on iron have been studied 
spectrophotometrically by Constable (Proc. 
Roy. Soc. 1927, 115, A, 570 ; 1928, 117, 376), 
optically by Tronstad (Trans. Faraday Soc. 
1934, 30, 362) using a special technique (reported 
in a long series of papers) depending on the 
change in properties of a beam of polarised 
light after reflection at the metal surface, and 
electrometrically by Miley (Carnegie Schol. 
Mem., Iron and Steel Inst. 1936, 25, 197) who 
measured the milli-coulombs of electricity 
required to reduce the film. Valuable contribu- 
tions have been made by each of these methods, 
but the thickness of the film cannot yet be 
stated with certainty and this branch of the 
subject is in active development. 

Hiqh-Tempebatube Oxidation. — The pro- 
perties of oxide films or “ scales ” formed at 
temperatures higher than those hitherto con- 
sidered become of importance in many industrial 
operations. Pilling and Bedworth (J. Inst. 
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Metals, 1923, 29, 529) found that the ordinary 
metals could be grouped in two divisions 
according to the relation between the densities 
of the metal and the corresponding oxide. 
Thus, if the oxide occupies a greater volume 
than the metal from which it is produced, 
then the film or scale is under a lateral com- 
pression which maintains it in a compact and 
hence protective condition (neglecting possible 
cracking which may occur under certain con- 
ditions), whereas if the oxide occupies a smaller 
volume its more attenuated condition deprives 
it of protective value. The first group is repre- 
sented by most of the heavier metals, typically 
copper, iron and nickel, the second group by 
certain of the light metals, typically calcium 
and magnesium. A further corollary of the con- 
tinuous nature of the film in the first group is 
the appearance of interference colours at 
appropriate thicknesses and also the quadratic 
relationship between film thickness and time. 
The latter follows because the rate of diffusion 
through the continuous envelope is inversely 
proportional to the thickness reached, i.e. 
d\V/dt=k 1 IW, or W 2 =2fc 1 <-|-K, where W repre- 
sents thickness of film in time t, and K is 
negligible over a wide range of temperature. 
On the other hand, films of the second group 
are characterised by absence of interference 
colours and by a linear relationship between 
film thickness and time, i.e. W =k 2 t. Aluminium 
behaves anomalously for a light metal, because 
its oxide/metal density ratio places it in the 
first group and its oxide film is in fact extra- 
ordinarily protective. On the other hand, it 
neither exhibits interference colours nor is its 
oxidation/time curve a quadratic parabola ; 
actually the deviation is in the direction of a 
cessation of oxidation, the explanation of which 
is Btill not altogether clear, although it is 
obviously associated with some special property 
of the alumina film. Preston and Bircumshaw 
(.I.e.) showed that the vitreous film formed at 
lower temperatures crystallises slowly when 
heated at 680° to form yAI 2 0 3 . In the case 
of iron the constitution of the scale becomes 
more complex at higher temperatures. Pfeil 
(J. Iron and Steel Inst. 1929, 119, 501) has 
identified three distinct layers, of which the 
outside layer is lowest and the innermost 
layer the highest in iron. Pfeil concludes that 
the oxidation of iron at these temperatures does 
not proceed by the simple “ one-way ” diffusion 
of oxygen through the scale to the metal, but 
by a “ countercurrent diffusion ” in which 
iron also passes outwards through the scale 
layer. Pfeil points out that this mechanism 
does not preclude a parabolic relationship 
between time and oxidation (Portevin, Pretet 
and Jolivet, infra, found the parabolic law to 
hold good for pure iron at 825°, 950°, and 1,000°), 
but it serves to explain a number of peculiarities 
in the scaling of iron and iron-rich alloys. 
The work of Wagner (Z. physikal. Chem. 1933, 
39, 328; 1934, 40, 521) suggests that a similar 
mechanism may apply in the case of other oxide 
and tarnish films (see also L. E. Price, Chem. 
and Ind. 1937, 56, 769, Hoar and Price, Trans. 
Faraday Soc., 1938, 34, 867). 

Relationship with temperature follows in 
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general the equation already given for low 
temperature film3 [supra), i.e. 

d log W/dT=— Q/RT*. 

(In the case of iron the break m the log W— !/T| 
curve at 200° may be conveniently regarded as 
dividing “ low temperature " and “ high 
temperature ” oxidation ) The uniformity of 
this relationship is dependent upon the atmo- 
sphere remaining unpolluted. For example, 
minute traces of hydrochlorio acid have an 
extraordinarily marked stimulative effect upon 
oxidation rate at all temperatures, the 
mechanism being probably catalytic in character 
(0. F. Hudson, Herbert, Ball and Bucknall, 
J. Inst. Metals, 1929, 42, 221). Substances such 
as carbon dioxide and steam which are neutral 
at lower temperatures become actively oxidising 
towards iron and steel at high temperatures, 
whilst a small amount of sulphur dioxide may 
profoundly increase the rate of oxidation. The 
influence of furnace gases containing these 
substances has been investigated by J. W. Cobb 
and collaborators, W. H. Hatfield, C Upthe 
grove, and other workers [see “ Review of 
Oxidation and Scaling of Heated Solid Metals," 
H.M S 0 , London, 1935). 

The problem of heat treating iron and steel 
work in neutral atmospheres (“ close annealing ”) 
with the object of avoiding subsequent 
“ pickling ” for the removal of scale; has 
received much attention industrially, and various 
suitable types of furnace are now available 
The difficulty of this problem arises from the 
extremely low pressure of oxygen or other 
oxidising gases that is needed for oxidation to 
occur and the difficulty obviously increases con 
sidcrably with rise of temperature. 

Alloys for resisting oxidation at high tempera- 
tures most frequently have iron, nickel or (for 
the lower limits) copper as the basis metal with 
additions, most usually, of chromium or 
aluminium. These metals have a remarkable 
influence on the oxidation/time relationship, 
the normal parabolic curve being depressed 
towards the time axis This effect, which 
becomes more marked with increasing alloy 
additions, has been shown for aluminium on 
brass by Dunn (J. Inst. Metals, 1931, 46, 42), 
and for aluminium and chromium on iron by 
Portevin, Pr£tet and Johvet (Rev. Met. 1934, 
31, 186). For further information on this subject 
the D S.I.R. ** Review of Oxidation and Scaling ” 
[supra) should be consulted. 

“ Tabnisiono,” “ FooaiNG,” Rusnua 
(Breakdown of Primary Oxide Films). — 
On exposure of metals at ordinary temperatures, 
under sheltered conditions, other phenomena 
besides the formation of oxide films usually 
intervene. The typical cases of copper (with zinc 
and brass), nickel and iron will be considered. 

The characteristic feature of copper at low 
relative humidities is its susceptibility to tarnish- 
ing by extraordinarily minute traces of sulphur 
compounds, corresponding in their effects to 
hydrogen sulphide although their precise nature 
is uncertain. The reaction is typically of the 
metal-gas type ; it is greatly facilitated by rise 
of temperature, and is hindered by the presence 
of thin films of moisture. The characteristic 


colours are generally believed to be due to the 
interference of light in a continuous transparent 
film. Although homogeneous physically, this 
is composed of a mixture of cuprous oxide and 
cuprous sulphide (extremely similar in lattice 
structure) with a large preponderance of 
cuprous oxide. The curve connecting thickness 
of tarnish film with time is essentially a quad- 
ratic parabola ; when once started this develops 
with remarkable regularity and is quite un- 
affected by wide fluctuations in the degree of 
atmospheric pollution. In other words, the rate 
constant is dictated by properties of the initially 
formed film, which in tum depends on the con 
ditions of atmospheric pollution which prevailed 
when the clean specimen was first exposed. An 
extreme case is presented when at the outset the air 
is pure or nearly pure — a condition that may be 
realised during summer months in the absence of 
local pollution. Exposure for a sufficient time 
then produces an in visible film of oxide which 
confers immunity from tarnishing on subsequent 
exposure to atmospheres containing the usual 
content of reactive sulphur. A similar effect is 
produced by preheating in air, when the 
minimum thickness required for protection 
[supra) is obtained by an hour's exposure at 
75”. The film of oxide serves effectively to 
keep sulphur atoms out ; on the other hand, a 
thin film of sulphide, by facilitating entry of 
both sulphur and oxygen atoms, increases the 
rate of subsequent tarnishing. The parabolic 
oxidation/time curve of copper, the continuous 
film of reaction product, and the characteristic 
interference colours are in marked contrast to 
the linear relationship given by zinc, the 
granular nature of the reaction product, and the 
absence of interference colours. The behaviour 
of brass is intermediate between that of copper 
and of zinc, the oxidation/time curve being 
compounded of the parabola and the straight 
line. The microstructuro of tarnished C0-40 
brass shows that the alpha (copper rich) 
constituent behaves similarly to copper, giving 
a continuous tarnish film, whilst the beta 
(zinc rich) constituent shows the discontinuous 
(granular) structure that characterises the film 

i zinc (Vernon, Trans. Faraday Soc. 1924, 19, 

16; 1927,23,169). 

The tarnishing of silver by sulphides is 
dependent on the presence of oxygen (Hahn, 
Z. anorg. Cbem. 1917, 99, 118). The loss of 
reflectivity of silver and silver alloys m indoor 
atmospheres is also greatly dependent on tho 
surface condition (Vernon, 1924, tbul ). Reflec- 
tivity methods for following the tarnishing of 
copper, silver and nickel alloys have been 
developed by Kenworthy and Waldram (J. 
Inst Metals, 1934, 65, 247) and W. I*. Digby 
(J. Roy. Meteorol. Soc., 1937, 63, 163). The 
reaction, 3SO, -> S+2SO,, which is stimulated 
by light (Konstantinova Schlezinger, J. Phy*. 
Chem. (U.S.S.R.), 1035, 6, 601) may play a part 
in tarnishing processes, Binee silver and copper 
are known to be susceptible to attack by 
elemental sulphur at ordinary temperatures 
and tho main sulphur-containing impurity in 
air is normally sulphur dioxide. Light also 
stimulates appreciably the “ fogging ” 
nickel (xnjra). 
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In the processes so far considered, rate of 
attack is controlled mainly by properties of 
surface films. Nickel provides an example in 
which relative humidity becomes a controlling 
factor (Vernon, J. Inst. Metals, 1932, 48, 121). 
In indoor atmospheres the polished surface 
frequently takes on a creamy-white film, a 
phenomenon conveniently described as 
“ fogging.” Here the mechanism is entirely 
different from that of tarnishing. First, the 
action depends on the presence of traces of 
sulphur dioxide as distinct from hydrogen 
sulphide (supra). But whereas the tarnishing 
effects of traces of hydrogen sulphide are 
displayed characteristically at low relative 
humidities, the corrosive effects of sulphur 
dioxide come effectively into operation only 
v. hen the humidity exceeds a critical value in 
the neighbourhood of 70%. Thus, a polished 
surface of nickel either retains its brightness 
indefinitely or rapidly assumes a creamy film 
according as the relative humidity remains 
below or rises above the critical value. The 
initial mechanism most probably consists in the 
catalytic oxidation of atmospheric sulphur 
dioxide at the metal surface and the reaction 
of sulphur trioxide with water to give sulphuric 
acid. In the early stages the film contains free 
sulphuric acid and may be removed simply by 
wiping with a cloth; later it passes into a 
basic sulphate which cannot bo removed without 
abrasion of the underlying metal. A similar 
process takes place with copper, but the magni- 
tudes involved are of entirely different orders. 
With copper a definite concentration of sulphur 
dioxide has been recognised (approximately 
0'9%), which must be exceeded for free sulphuric 
acid to appear; with nickel, this minimum 
concentration, although unknown, is excessively 
low and falls well within the amounts normally 
present in the atmosphere. Thus, under 
ordinary conditions, above the critical humidity, 
the influence of sulphur dioxide is very marked 
on nickel, but trifling on copper, whilst below 
the critical humidity the influence of hydrogen 
sulphide is marked on copper and (within 
ordinary atmospheric limits) negligible on 
nickel. Copper-nickel alloys, therefore, may 
show either one effect or the other, falling off in 
intensity either from the copper or the nickel 
end of tho series, according to the relative 
humidity of the atmosphere. 

The rusting of iron presents a number of 
points of contrast with each of the foregoing 
processes and constitutes a well-defined third 
type of attack. It is commonly stated that 
“ iron does not rust above the dew-point,” 
but this is erroneous for most conditions. 
For example, in an ordinary room atmosphere 
the relative humidity of which is kept at a 
low x T alue by artificial means, an initially clean 
surface may undergo very considerable rusting. 
A distinguishing feature is that the attack 
commences at isolated, sporadically distributed 
centres ; even at a relatively advanced stage 
tho discontinuous nature of the rust can be 
detected with tho aid of a lens. Two further 
points must be observed. (1) If, after the iron 
has been allowed to rust in the manner described, 
the relative humidity is increased to a high 
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value (but still short of saturation) the rate of 
rusting increases enormously. (2) If the 
initially clean specimen is screened behind a 
single thickness of muslin (in form of a “ cage ”) 
so as to intercept suspended particles,' rusting 
does not occur and the original bright surface is 
maintained (Vernon, Trans. Faraday Soc. 1927, 
23, 159). It follows from (1) that critical 
humidity phenomena in the case of iron have a 
special significance, and from (2) that iron 
is extraordinarily susceptible to the influence of 
suspended (disperse) particles of solid or liquid 
matter in the atmosphere. The screened 
condition is favourable for the development of 
the primary invisible oxide film already dis- 
cussed, and if a specimen has been so exposed for 
a sufficient length of time, it enjoys a certain 
degree of immunity from rusting on subsequent 
normal exposure. After a considerable time-lag 
as compared with a freshly- cleaned specimen, 
the primary film breaks down and rusting 
proceeds in the usual discontinuous manner. 

The influence of both gaseous and solid 
pollution on the rusting of iron in relation 
•to the relative humidity of the atmosphere ha3 
been studied (ibid. 1935, 31, 1678) by experi- 
ments in which humidity was increased in steps’ 
from zero at the start to a maximum of 99%. 
The following conclusions are based on these 
experiments. A similar series of changes 
occurs either on initially clean specimens in 
atmospheres containing traces of sulphur dioxide, 
or on specimens initially “ inoculated ” with 
traces of various substances in an otherwise 
pure atmosphere. In either case primary and 
secondary critical humidities arc exhibited 
(Fig. 2). The former, which occurs at 50 to 
60% R.H., marks the point at which breakdown 
of the primary film occurs and attack on the 
metal commences. The surface becomes 
gradually covered with a very fine “ rust,” 
beginning at isolated centres, but even prolonged 
exposure fails to produce severe corrosion ; 
the rust that is formed, however, is in a peculiar 
physical condition and is potentially extremely 
active. Thus, at the secondary critical humidity 
(approximately 80% R.H.) a relatively enormous 
increase in corrosion occurs, with the production 
of ordinary red rust. This greatly increased 
attack is due entirely to properties of the 
primary rust, for it proceeds just as rapidly if 
sulphur dioxide (when this is the initiating 
cause) is completely removed from the system 
just before the critical humidity is reached. 
The first critical point is associated with 
optimum atmospheric conditions for the com- 
mencement of rusting. The second point must 
be associated with certain physical properties of 
the initially formed rust; it is explained by 
Patterson and Hebbs (Trans. Faraday Soc. 
1931, 27, 277) on the basis of Zsigmondy’s 
theory of gel structure. At the lower humidities 
water is held closely within the capillaries of the 
gel (the primary rust) and there is a state of 
mutual compression between rust and water; 
at the secondary critical humidity the capillaries 
are filled, the state of compression is released, 
and water is free to pass from the surface of 
the rust to the surface of the metal. As a 
matter of practical interest it may be observed 
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that the phenomenal increase in attack at this 
point probably contributes materially to the 
removal of a protective coating, when, through 
porosity, rusting once occurs beneath it 
Particles of solid matter which commonly 
enter into atmospheric pollution fall, from the 
corrosion standpoint, into three groups : (a) 
intrinsically active (dissociating mineral salts) 
such as ammonium sulphate in the neighbour- 
hood of towns or sodium chloride near the sea; 
(6) intrinsically neutral but capable of adsorbing 
active gases from the atmosphere, e g. various 
forms of amorphous carbon; (e) intrinsically 
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neutral with negligible capacity for adsorption, 
such os crystalline silica. Only particles of the 
first two types are important in atmospheric 
corrosion. With the first, the combined presence 
of traces of sulphur dioxide in the atmosphere 
and particles at the metal surface produces 
effects at the secondary critical humidity that are 
almost exactly additive. When, however, the 
particles are capable of adsorbing sulphur 
dioxide and so increasing its local concentration 
at the metal surface, the effect is more than 
additive ; for example, charcoal particles have a 
relatively enormous stimulative influence in the 
presence of traces of sulphur dioxide. Doubtless 
a similar effect is produced under service 
conditions by carbonaceous particles normally 
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present in urban atmospheres. These several 
points are illustrated by the curves in Fig. 2. 

The influence of carbon dioxide on the 
atmospheric corrosion of iron has in the past 
been regarded as of considerable importance. 
According to the old ** acid theory,” a trace of 
carbon dioxide permits unlimited attack for 
the reason that the first-formed product, 
assumed to be ferrous bicarbonate, hydrolyses 
to give ferric hydroxide, with liberation of 
carbon dioxide, whereby a further equivalent 
quantity of iron is attacked. Investigation 
(Trans. Faraday Soc. 1935. 31, 1693; set also 
Proc.Chem. Eng. Group, SCI, 1937, 19, 19) has, 
however, shown this view to be untenable. So 
far from stimulating the corrosion of iron, carbon 
dioxide, at concentrations in the neighbourhood 
of and also considerably higher than tho 
normal atmospheric content, has a marked 
repressive effect at ordinary temperatures 
This has been shown for a variety of conditions, 
both “ supersaturated ” and unsaturated, and 
including the case where traces of sulphur 
dioxide (by which tbe attack is initiated) 
remain in the system. Tbe effect appears to be 
directed towards the suppression of the extra- 
ordinary change at the secondary critical 
humidity. For most conditions tho corrosion 
actually observed must depend on the balance 
between carbon dioxide and sulphur dioxide in 
the atmosphere. Tho influence of carbon 
dioxide on the corrosion of zinc, particularly 
under “ supersaturated " conditions, is m 
marked contrast. In the absence of sulphur 
dioxide the effect is repressive, as for iron, 
although not to such a marked degree ; when, 
however, sulphur dioxide is already present the 
addition of carbon dioxide stimulates further 
corrosion. 

Open-Air Corrosion.' — Many of the fore- 
going remarks apply equally to indoor and to 
open air corrosion, except in so far as the latter* 
is affected by ram. The influence of this 
factor is not necessarily adverse ; it may even 
bo favourable if it removes a corrosion product 
that is acid or hygroscopic in character, as with 
nickel, or if ram is able to assist m the develop- 
ment of a product having protective qualities, 
as with copper. . On the other hand, the rate of 
attack may be increased by the breakdown or 
removal of an otherwise protective coating. 

In this country rain invariably carries dissolved 
sulphates ; sulphur dioxide in alight traces is 
also widely disseminated and may be regarded 
as a normal atmospheric constituent (Both 
solid and gaseous pollution are maximal in 
winter and minimal in summer.) The primary 
constituent of atmospheric corrosion products 
is in consequence usually the normal metallic 
sulphate which, by hydrolysis, may yield either 
hydroxides or basic sulphates, or in some coses 
carbonates through contact with carbon dioxide. 
Near the seaboard, chlorides or basic chlorides 
may predominate unless a town is near. It i* 
evident that the attack on the metal may 
involve either the removal of a soluble salt or 
tbe assimilation of an insoluble deposit. To 
denote such processes as these Friend . bss 
proposed the terms “ erosion ” and “ surrosion ' 
(Fr. eur, on). By erosion is usually understood 
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the removal of a metal entirely by mechanical, 
as distinct from chemical, processes. Neverthe- 
less, in atmospheric corrosion some distinction is 
useful because frequently the two processes take 
placo simultaneously, and hence the ultimate 
change in weight of the specimen or structure 
is the resultant effect of the two. The endurance 
of a metal may thus depend on its ability to 
develop a covering, in inland atmospheres, of 
basic sulphate, or in marine atmospheres of basic 
chloride. * 

The green patina on copper, the corrosion 
product after exposure (in this country) of some 
10 to 20 years, was formerly thought to consist 
of basic copper carbonate and was attributed 
to the action of carbon dioxide as present in 
unpolluted air. Analyses of typical patinas 
show that in inland districts the product 
consists essentially of basic copper sulphate, 
associated with a minor proportion of basic 
carbonate, the latter being highest in town and 
least (typically 2-75%) in country samples 
(Vernon and Whitby, J. Inst. Metals, 1929, 42, 
181 ; 1930, 44, 389; Vernon, ibid. 1933, 52, 
93 ; J.C.S. 1934, 1853). Near the seaboard 
the sulphate ion in the patina is replaced by 
more or less chloride, but when urban and 
marine conditions coincide basic sulphate greatly 
predominates over basic chloride. In all cases 
the patina contains a certain amount of ex- 
traneous wind-borne material. Basic copper 
carbonate is thus accessory either to basic sul- 
phate or basic chloride and is most probably 
formed by partial hydrolysis of the initially- 
formed characteristic salt in the presence of 
carbon dioxide. Copper is not converted to 
green basic carbonate, as usually supposed, 
merely by exposure to moist air containing 
carbon dioxide ; either the metal must be 
completely immersed in the aqueous solution or 
the attack must be initiated in some other 
way. Small amounts of organic carboxylic 
acids are particularly active in facilitating the 
formation of secondary basic carbonate and are 
probably largely responsible for the relatively 
high proportion of basic carbonate in urban 
samples. In districts sufficiently remote from 
both town and sea (a condition not realised in 
this country) the green patina does not appear. 

The formulae to be ascribed to the basic salts 
in the copper patina depend on the period of 
exposure, maximum basicity being reached only 
after about 70 years. In the case of basic 
sulphate and basic chloride 1 molecule of the 
normal salt is then associated with 3 mole- 
cules of copper hydroxide. The formulae thus 
correspond with the co-ordination compounds, 
[Cu{(0H) 2 Cu} 3 ]S0 4 and [Cu{(OH) 2 Cu} 3 ]CI 2 
each of which is represented in nature by a 
mineral, brochantite and atacamite respec- 
tively. Associated basic carbonate has a 
limiting basicity of only 1 : 1, as in the mineral 
malachite, CuC0 3 -Cu(0H) 2 . Younger pro- 
ducts contain higher proportions of normal salt, 
considerable amounts of which (sulphate or 
chloride) are leached out in the early stages by 
the action of rain ; it is this process which 
gives rise to the familiar disfiguration of stone- 
work underlying copper or bronze structures. 
On the other hand, the green basic salt, long 
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before its final basicity is reached, is insoluble 
in water, and affords protection to the metal. 
This accounts for the longevity of copper roofs 
and suchlike, of which there are many notable 
examples. There is, however, some evidence 
that an underlying thin film of cuprous oxide 
may play a part in the protection. Arsenic ia a 
usual constituent of these old roofs, and this 
element has been found to reduce the corrosion 
of copper sheet in the comparatively early 
stages. 

An important directional effect, associated 
with the influence of prevailing winds, should 
be noted. Many copper structures have the 
green patina developed more perfectly on the 
windward side, particularly if this is directed 
towards a distant town or towards the sea. A 
similar principle will obviously apply to other 
metals in which the corrosion product is not of 
the protective type, with less desirable effects. 

The tendency to build up a protective, 
insoluble coating on exposure to the open air, 
very strong in the case of copper when once 
the early stages have been passed, is usually 
negligible for ordinary iron and steel. (This 
statement refers to conditions in this and other 
industrial countries; but cases are on record 
where solid and gaseous pollution have been 
sufficiently low to permit the formation of a 
protective coating in the course of long exposure. ) 
Under sheltered conditions, depending largely 
on meteorological and pollution factors, the 
first-formed rust may actually accentuate 
subsequent corrosion. Under conditions, how- 
ever, such that from the outset the air is almost 
continuously saturated with moisture, an 
approximately linear relationship with time 
is followed when once the specimen is covered 
with rust. Similarly, on prolonged exposure to 
the open air, the initial effect observed under 
less drastio conditions forms only a small part 
of the .total corrosion, and again an approxi- 
mately linear relationship between corrosion 
and time is followed, the total corrosion being 
roughly directly proportional to the total 
amount of pollution that reaches the specimen. 
The atmospheric conditions prevailing in the 
very early stages of exposure exert, however, 
a very great influence in determining the 
subsequent rate of attack. The importance of 
this factor in tarnishing has been mentioned. 
In open-air corrosion it was demonstrated by 
J. C. Hudson (Trans. Faraday Soc. 1929, 23, 
177, 475) for a series of non-ferrous metals 
which yielded the following mean relative 
values ; summer, 100 ; autumn, 187 ; winter, 
261 ; spring, 154. Similar seasonal effects for 
ferrous materials have been reported by 
Schramm and Taylerson in the United States 
(1934, infra), while Daeves' in Germany (Natur- 
wiss. 1935, 23, 655) has observed marked 
differences in country and town atmospheres. 
G. Schikorr (Z. Elektrochem. 1936, 42, 107) 
reported on two parallel series of field tests 
carried out in Berlin and in the Grunewald, 

7 km. distant. Fresh specimens of iron were 
exposed month by month and rate of rusting 
correlated with meteorological data; hygro- 
metric conditions were very similar, relative 
humidity in each case being maximal in winter 
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and minimal in summer. In the purer atmo- 
spheres the fluctuations in relative humidity 
produced comparatively little effect on rusting, 
but In the city there was a marked degree of 
parallelism between the monthly corrosion 
values and the means of the monthly humidity 
readings. These results are m harmony with 
laboratory work which shows that increase of 
relative humidity, up to saturation, has either 
a negligible or a profound effect according as 
gaseous or solid pollution is absent or present. 

The influence of climatic conditions has been 
investigated for marine atmospheres in long 
period field tests of the Institution of Civil 
Engineers (specimens of various irons and 
steels exposed at Halifax, Auckland, Plymouth 
and Colombo) the results of which have been 
described by J Newton Friend in a senes of 
reports , the 10 year tests were the last to be 
described m detail (“ Deterioration of Structures 
Exposed to Action of Sea Water,” XVth Rep , 
Inst. Civ. Eng. London, H M.S 0 , 1935) 
representing up to 15 years’ exposure They 
have been surveyed generally by Robert) 
Ilailfield and S A Mam (1936, l c ) Climatic 
conditions are also in course of investigation 
in a comprehensive scries of field tests estab 
lished by the Corrosion Committee of the 
Iron and Steel Institute and the British Iron 
and Steel Federation, under the chairmanship 
of W. H Hatfield These teats, which are 
conducted at fourteen stations distributed in 
vanous parts of the world, have been described 
in detailed reports by J. C. Hudson (t.g Vth 
Rep Co rr Ctte , Iron and Steel Inst , 1938). 

The accompanying data (Table I) are taken 
from a table given by Hudson (1037, infra). 


Table I. 

Rates of Cobbosion of Inoot Ikon and Zino. 


Station 

Yeats' 

Hate ofcorro- 
sion (I0-* la 
per year) 

Ratio. 

Iron 

Zinc 

Khartoum 

1 

42 

21 

20 

Khartoum 

5 

18 

8 

23 

Abisko, N. Sweden 

1 

172 

26 

06 

Aro, Nigeria 

1 

449 

53 

8 5 

Basrah, Iraq 

1 

459 

33 

121 

Singapore . 

1 

010 

44 

13 9 

Apapa, Nigeria 

1 

815 

45 

18 1 

Redcar . 

5 

1,590 

(534) 

(3 0) 

Famborough . . 

5 

1,840 

89 

20 7 

Llanwrtyd Wells . 

1 

2,100 

118 

17 8 

Calshot .... 

1 

2,450 

133 

184 


1 

2,620 

174 

151 


1 

3,300 

185 

17 8 

Woolwich . 

1 

3,690 

149 

24 8 

Woolwich . 

5 

2, COO 

164 

16 4 

Sheffield . . . 

I 

4,390 

579 

70 

Sheffield University 

1 

6,040 

300 

16 8 


In the Fifth Report (supra) Hudson states, 
that the results so far obtained do not indicate a 
marked difference in the corrosion rates of mild j 
steel and ingot iron. The addition of 0 2-0 5% ! 


copper reduces corrosion by about 30%, and the 
joint addition of approximately 05% of both 
copper and chromium by about 40 or 50%, 
The influence of alloying with larger amounts of 
chromium, etc., is discussed under “ corrosion- 
resistant alloys" (p. 388). Structural and 
extraneous factors must be borne in nnnd, 
particularly with respect to the incidence of 
wind and rain ; this aspect has been emphasised 
by Liddiard (Proc. Chem. Eng. Group Soc. 
Chem. Ind. 1937). Crevices, where water can be 
retained after the rest of the structure is dry, 
are particularly liable to become centres of 
corrosion, likewise any place which receives 
excessive impingement of ram falling from a 
relatively large catchment area. Contact with 
non ferrous metals should generally be avoided 
on account of the danger of enhanced electro- 
chemical attack, with ram water as elec- 
trolyte. 

Of other metals commonly exposed to the 
atmosphere, lead, which shares wjth copper a 
wide application for reofing purposes, also 
resembles copper in developing a proteetne 
coating (probably mainly of sulphate) in 
industrial atmospheres and so assuring itself of 
of extreme longevity In comparison with 
copper, however, it suffers asthetically owing to 
the absence of any pleasing patina Contact with 
new wood (particularly oak), likewise contact 
with mortar or cement, should be avoided, or else 
severe corrosion either from organic acids 
from the wood, or alkali from the cement may 
result. 

Zinc is also used successfully for roofing, but 
much more frequently (e g. galvanised iron) as a 
protective covering for iron, over which it has 
great superiority under most conditions of 
atmospheric exposure (supra). An acid type of 
atmosphere is the least favourable. 

Aluminium, unalloyed, is resistant to town 
atmospheres (a good example of its durability 
is afforded by the Eros statue in Piccadilly 
Circus, London), but the magnesium aluminium 
alloy, containing from 2 to 6% magnesium, is 
advantageous, particularly with respect to the 
less rapid deterioration of the polished surface 
Alloys of the duralumin type arc liable to 
Bevere corrosion both in industrial and marine 
atmospheres, but this may bo largely overcome 
by previous “ anodic oxidation ” whereby the 
thickness of the natural oxide film is substantially 
increased 

Magnesium is noteworthy inasmuch as carbon 
dioxide enters definitely into the corrosion 
reaction (Whitby, Trans. Faraday Soc. 1933, 29, 
844), for which there is a critical humidity, and 
carbonate normally predominates over sulphate 
in the (hydrated) product. Although this 
product has no protective qualities, the rate of 
corrosion, in the absence of alkali chlorides,is not 
so great as is commonly supposed. The fore- 
going metals and their alloys are also discussed 
under a later heading (p 388) 

Reference may be made to the following 
symposia on atmospheric corrosion in which 
many phases of the subject were discussed, 
t.e. in 1934 (Proc. Amer. Soc. Testing Materials) 
and in 1937 (Proc. Chem. Eng Croup, Soe. 
Chem. Ind ), 
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Corrosion in Immersed Conditions. 

Although the corrosion of metals immersed in 
acids, salt solutions, or industrial waters 
frequently follows an electrochemical course 
and is proportional to current flow as shown by 
Evans and Hoar (Proc. Roy. Soc. 1932, 137, A. 
355), it is not necessarily so in all conditions. 
Patten (J. Physical Chem. 1903, 7, 153) has 
shown that hydrogen chloride dissolved in dry 
chloroform attacks zinc vigorously in spite of 
the fact that the chloroform has an extremely 
low conductivity, and experiments have shown 
that the corrosion of steel in “ conductivity ” 
water and dilute salt solutions of specially high 
electrical resistance must necessarily be largely 
independent of current flow between attacked 
and unattacked areas. When the action is 
electrochemical a large number of factors may 
influence both the rate and distribution of 
corrosion. A particularly interesting question is : 
What are the factors which divide up the metal 
surface into areas that are anodic (relatively 
attacked) and cathodic (relatively protected) ? 
Answers that have been given are (1) physical 
differences in the metal resulting from the 
mechanical preparation of the surface, (2) dis- 
continuities or points of “ weakness ” in the 
air-formed film which overlies the metal, 
particularly emphasised by U. R. Evans, (3) the 
presence of different phases within the metal 
surface, (4) differences of concentration of 
oxygen, and of ions in solution close to the 
metal surface, (5) discontinuities such as 
crystal junctions. It seems probable that only 
slight differences are required initially to 
differentiate the metal surface sufficiently to 
start corrosion. Subsequently, the unequal 
distribution and the properties of the reaction 
products may be more important factors in 
deciding the distribution of anodic and cathodic 
zones, and this matter is discussed in more 
detail later. The nature of the corrosion 
products may also decide the rate of corrosion ; 
in extreme cases this rate may be either reduced 
to zero by self-stifling at the anodes or allowed 
to proceed at the maximum rate determined by 
such other factors as speed of oxygen supply, 
the concentration of hydrogen ions, etc., detailed 
in Table II. 

Table II. 

Factobs which may Influence Corbosion 
Rates. 

Metallic Factors. 

1. The electrode potential, which is deter- 
mined by the chemical and physical character 
of the exposed surface. 

2. The hydrogen overpotential. 1 

3. The presence of different phases in the 
metal surface (especially in acids). 

Environmental Factors. 

1. The temperature. 

2. Partial pressure of oxygen. 

3. The rate of supply of oxygen. 

4. The concentration of H ions. 

5. The concentration of metal ions. 

1 This term is explained later, p. 37C. 
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6. The concentration and specific nature of 
other ions present. 

7. The electrical conductivity of the solution. 

8. The chemical and physical nature and the 
distribution of corrosion products. 

9. Relative movement of liquid and metal. 

For a given sample of metal at atmospheric 
temperatures and pressures the most important 
factors in approximately stagnant acid solu- 
tions are usually the concentration of hydrogen 
ions, the hydrogen overpotential, the presence 
of impurities, and the nature of the corrosion 
product ; in many nearly neutral solutions and 
industrial waters the rate of oxygen supply is 
also important, and may be so even in dilute 
acids. In both types of condition the initial 
corrosive action may commonly be regarded as 
the passage of metallic ions, at anodic areas, 
from the crystal lattice into the solution leaving 
electrons in excess (Me -> Me"+2e) ; simul- 
taneously, an equivalent number of hydrogen 
ions, associate with electrons and leave the solu- 
tion at cathodic areas on the metal surface 
(2H'+2e -y 2H). The hydrogen atoms thus 
formed may either build up molecules and appear 
as gas (2H‘ -> H 2 ) or they may react with 
any oxygen or other equivalent oxidising agent 
present to form water. 

2H’4-2e+0 -*■ H a O 

It will be evident that the depletion of the 
electrolyte of hydrogen ions will give rise 
to an excess of hydroxyl ions with consequent 
alkalinity in the neighbourhood of the cathode. 
Hoar (Proc. Roy. Soc. 1933, 142, A, 628) 
prefers to regard the process as a reduction of 
oxygen at the cathode 

0 2 -f 2H 2 0+4 c ->-40H' 

but on either view the net result is obviously 
the same. In weak acids and many salt solu- 
tions both hydrogen evolution and oxygen 
absorption may occur together, gas evolution 
being predominant in the acids and water 
formation in salt solutions. These actions can 
proceed rapidly with relatively base metals 
such as zinc and iron, and slowly or not at all 
with semi-noble or noble metals such as copper 
and gold. ■ Copper yields hydrogen gas only 
from boiling concentrated hydrochloric acid, 
but is corroded rapidly in many solutions in the 
presence of oxygen at ordinary temperatures 
with formation of water. Gold is attacked only 
by very powerful oxidising agents such as 
aqua regia, which evolves chlorine gas, or 
in the presence of oxygen by solutions in 
which it forms complex anions. The distinction 
between the “ hydrogen evolution ” and 
“ oxygen absorption ” types of reaction, not- 
withstanding many intermediate cases where 
the processes occur simultaneously, is of much 
significance and becomes especially important in 
the consideration of methods of protection. 

It is thus useful to consider metals from tho 
point of view' of their position in the Electro- 
potential Series, which is given in Table III. 
This shows the single electrode potential of 
each metal when in equilibrium with a solution 
of a normal concentration of its own ions (t'.e. 
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of normal ionic activity) ; the potential of 
hydrogen, aa exhibited by an electrode of 
platinum black saturated with hydrogen at a 
pressure of one atmosphere, and plunged in a 
solution normal with respect to hydrogen ions, 
is used as the arbitrary zero point of a “ hydrogen 
scale ” in which the potentials of all other 
metals are arranged. Ease metals, i e. those 
• below hj drogen in the table, are conventionally 
regarded as possessing a relatively negative 
potential, and noble metals a positive one. 
Tbe base metals can displace hydrogen from 
many solutions containing its ions, but the 
noble metals can only do so in special circum- 
stances, eg. when the concentration of noble 
metal ions is kept extremely low in the solution 
by the formation of complex ions containing 
the metal. Tho influence of concentration on 
the single potential may thus be important, and 
is expressed for any given ionic concentration, 
C, by the formula ; 


E=»E 0 


log.C-E 0 +?^5?Hi.C. 


at N.T.P., where E 0 is the potential at normal 
ionic concentration, n is the valency of the 
ion involved, RT and F have their nsnal 
meaning, and E is the potential at concentra- 
tion C. 

Table III. 

The Electro potential Series oj MelaU. 


Metal 

Ionic state 

Potential (n 
lolts (on 
hydrogen 
scale) 

Gold . . 

Au'" 

+ 136 

Platinum . . . 

PC'* probably 
over 

+0 86 

Mercury . . . 

(HgV 

+0 80 

Silver .... 


+- 080 

Copper . . . 

Cu- 

+0 34 

Hydrogen . . 

H’ (arbitrary 
zero) 

Pb- 

±0 00 

Lend .... 

-0 12 

Tin .... 

Sn • 

-014 

Nickel . . . 

Ml" 

-0 23 

Cadmium . 

Cd” 

-040 

Iron .... 

Fe" 

-0 44 

Chromium 

Cr- 

-0 56 

Zinc .... 

Zn” 

-0 76 

Aluminium . . 

A!- 

-1-33 

Magnesium . . 

Mg“ 

-1-65 


(This table is a condensed form of Table XXIV 
in “ Metallic Corrosion, Passivity, and Pro- 
tection," by U. R. Evans. London, Edward 
Arnold & Co , 1037.) 

The expression “ hydrogen overpotential " 
which has already been used may now bo 
explained. Hydrogen gas is freely evolved from 
a surface of platinum black whenever the 
potential is made appreciably more negative 
than 00 on the hydrogen scale; from the 
surface of other metals, however, a notably 
more negative potential is necessary before 
hydrogen is produced either in the gaseous or 


the dissolved state. The difference between 
this negative potential and the equilibrium 
potential is known as the overpotential of 
hydrogen at the surface concerned. It may be 
an important factor in determining the rate of 
corrosion in an acid ; for instance, a metal 
with a high overpotential, such as sine, will 
evolve hydrogen and corrode slowly or not at 
all if chemically pure ; but if it contains im- 
purities of low overpotential embedded in its 
surface it will corrode more quickly, since 
hydrogen will be evolved in a continuous stream 
from the surface of such impurities. These may 
consist of another metal, alloy, metallic com- 
pound, or some form of carbon. Metals which 
exhibit low overpotentiala include platinum, 
gold, palladium and iron, while mercury, zinc, 
lead and tin show the opposite phenomenon; 
the precise effect of any given metal, how'ever, 
depends partly upon its surface condition 
(smoothness, etc ). 

The cause of overpotential has been the 
subject of much work and discussion, and seems 
to be connected with the sluggishness of one 
or both of the reactions . 

Hydrogen ion+ Electron -►hydrogen (atom) 

r 2 Hydrogen (atoms) -► hydrogen (molecule) 

Referring to Table III, it will be noticed that 
the more generally chemically reactive metals 
have high negative potentials and occur at tho 
bottom of the table, whereaB the chemically 
sluggish metals occur at the top It might lie 
deduced from this that the position of a roetal 
in the potential senes would give direct informs 
tion about its “ corrodibility " relativo to other 
metals in the senes. The deduction would not 
necessarily bo true, because the rate at which a 
metal corrodes, i e. its corrodibility, is partly 
determined by factors independent of the metal 
itself, such as composition and movement of 
the liquid in wbich it is placed, and the rate of 
oxygen supply ; if, therefore, a metal bo placed 
in a solution other than that in which tho 
determination of its single electrode potential 
was made, both its position in the scries and 
its rate of corrosion may be altered. 

From what has been said above it will have 
become clear that corrosion rates are largely 
determined by polarisation at one or both 
electrodes. Polarisation at steel cathodes may 
bo duo to films deposited from certain salts in 
solution (e g. the sulphates and nitrates of zinc 
and lead) which either shut off the supply of 
oxygen or other cathodic depolanscr, or poison 
the catalytic activity of the metal surface for the 
oxidation of hydrogen to water (U. R. Evans, 
JE C.I. 1924, 43, 321T; Thornhill and Evans, 
Fifth Corrosion Report to the Iron and Steel 
Institute, 1938, 381). Polarisation at anodes 
may be due to the formation of “ insoluble " 
bodies in close contact with the metal surface 
or, perhaps, to a local high concentration of 
metal ions at that surface. 

The solutions chosen for the potential measure- 
ments are those in which the metals arc freely 
soluble and no secondary insoluble products am 
formed; in other solutions and m industrial 
waters these conditions may not hold, and if they 
do not no opinion can bo gleaned from tho 
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table as to the relative corrosion rates of the 
metals. To take as concrete examples the three 
metals iron, magnesium and zinc, the follow- 
ing is the order of their corrosion rates in 
tho liquids mentioned, in presence of oxygen : 


Distilled water. Nl 10 KCI. 

Fe Mg 

Mg Zn 

Zn Fe 


Strong KOH. 
Zn 
Fe 
Mg 


The top metal in each column is the most rapidly 
corroded and it will be noticed that any one 
of the metals may occupy any position in the 
list according to the selection made of the 
corroding liquid. The general explanation is 
that the rate of corrosion depends largely 
on the properties of the corrosion products; 
thus, in distilled water the hydrated oxide 
formed affords less protection to iron than it 
does to magnesium or zinc, but in strong alkali 
the zinc oxide is dissolved and the metal 
is readily attacked, while the iron and mag- 
nesium oxides are almost insoluble and form 
films on the metal surface which are highly 
protective, at any rate for a considerable time. 
Iron may thus be said to become “ passive ” in 
strong alkali as well as in nitric acid and 
chromate and bichromate solutions of fairly 
high concentrations. The passivity in these 
solutions seems to be mainly due to the forma- 
tion of films of ferric oxide on the surface of the 
metal ; highly protective films are formed 
only when the precipitation of the metal as 
oxide occurs at the moment of its entrance into 
solution, and the essential condition for this is 
the presence of excess of the precipitating agent 
at the metal surface. Passivity has been 
specially studied by Evans and colleagues 
(J.C.S. 1927, 1020, and subsequent papers) and 
has been shown to occur with other metals and 
solutions, when the essential condition is ful fill ed 
of the production of an-insoluble product (which 
is not necessarily an oxide) immediately at the 
metal surface and in the necessary physical state. 
Some examples of passivity may be regarded as 
the result of direct chemical oxidiation, others 
as caused by complete anodic polarisation. 
In general, a metal will only remain passive 
as long as it is immersed in the passivifying 
solution ; if removed to another liquid it will 
usually corrode because of a lowering of the 
concentration of the requisite precipitant at the 
metal surface. 

The influence of temperature on corrosion in 
neutral aqueous solutions depends in general on 
whether the system is open or closed. In open 
systems, as shown by Heyn and Bauer (Mitt. 
Kgl. Mat. Priif. 1910, 28, 62) and by Friend (Iron 
and Steel Inst., Carn. Sch. Mem. 1922, 11, 13), 
the rate of corrosion of iron increases to a maxi- 
mum in the neighbourhood of 80°, beyond which 
the normal stimulative effect of temperature is 
more than offset by the retarding effect due to 
expulsion of oxygen. In closed systems, on the 
other hand, the rate of corrosion increases 
continuously with rise of temperature (Speller, 
“ Corrosion, Causes and Prevention,” 1926, 
144). Nevertheless, if entry of oxygen is pre- 
vented, this initial rate must fall off rapidly 
owing to the using up of oxygen in the system. 


Thus, the total corrosion can only become 
serious if oxygen is replenished through any 
cause. Corrosion at higher temperatures, in 
strictly closed systems, when oxygen initially 
present has become exhausted, may still 
proceed with liberation of hydrogen; the rate 
at which this reaction occurs, however, is 
usually so very much lower (with iron and 
steel and neutral or nearly neutral waters) 
that it cannot give rise to serious corrosion, 
although the presence of hydrogen from this 
cause may frequently be recognised in heating 
systems. 

The influence of light on corrosion, notwith- 
standing its theoretical interest, does not in 
general constitute an important factor in 
corrosion problems. Experimentally it is fre- 
quently difficult to separate the effect of light 
from that of temperature. General observations 
concerning the influence of light on the corrosion 
of iron in aqueous solutions have been made by 
Friend and others (Carnegie Schol. Mem., 
Iron and Steel Inst. 1922, 11, 116). Reference 
has already been made (p.370) to the influence of 
light on tarnishing and fogging phenomena. 
Under immersed conditions the particular func- 
tion of light appears to be the stimulation of 
electrochemical action. Vernon (J. Birm. Met. 
Soc. 1919, 7, 549) found that the illuminated 
areas of brass in -acid solutions became anodic. 
On the other hand, Bannister and Rigby (J. 
Inst. Metals, 1936, 58, 227 ; J. Iron and Steel 
Inst. 1936, 133, 293), in a systematic investiga- 
tion employing dilute solutions of potassium 
chloride, found that for several metals the 
cathodic process was stimulated, the effect in 
this case being dependent on the presence of 
oxygen. 

The influence of concentration of salt solutions 
is complex, but attention may bo called to the 
fact that in tho strongest solutions (concentra- 
tions exceeding, say, Nj 2) the rate of corrosion 
of mild steel (also zinc) falls off with increasing 
concentration, mainly owing to the lowered 
solubility of oxygen. Heyn and Bauer (1908) 
and Friend (ibid.) showed that in certain con- 
ditions there was a well-defined maximum or 
“ critical ” concentration, but the precise_form 
of the corrosion rate/concentration curve may 
be affected by various other factors (Bengough, 
Lee and Wormwell, Proc. Roy. Soc. 1931, 
134, A, 323; Evans and Hoar, ibid. 1932, 
137, A, 343 ; Bengough and Wormwell, Illrd 
Rep. of Corr. Ctte., Iron and Steel Inst. 1935, 
148). 

It will now be apparent that the rate at which 
a given metal can corrode in an approximately 
stagnant liquid depends partly on the com- 
position of that liquid, and that this rate may 
vary between zero and some very high figure. 
Magnesium, for instance, is passive in strong 
caustic potash solution, but if placed in Nj 10 
sodium chloride will corrode so rapidly that it is 
difficult to measure the rate accurately. Iron 
is also passive in the alkali, but will not corrode 
nearly so fast as magnesium in A/ 10 sodium 
chloride. Reasons for this are the much more 
negative potential of magnesium, associated 
with its comparatively low overpotential so 
that hydrogen can be freely evolved on the 
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metal itself; this discharge of gas is so rapid 
that depolarisation due to oxidation of hydrogen 
by dissolved oxygen plays no appreciable part- 
in the corrosion process. On iron, however, 
hydrogen gas is not bo rapidly discharged, 
and the rate of corrosion is largely determined 
by the rate of depolarisation, and this will 
depend on the e peed of access of oxygen to the 
effective cathodic areas on the metal surface. 
This speed is determined by the convection 
currents and diffusion rates m the particular 
experimental conditions studied, and if the 
JV/IO sodium chloride be approximately stag 
nant it will be so slow that tho corresponding 
corrosion rate will also be slow and far below 
that of magnesium in similar conditions. If 
the solution be stirred the rate of corrosion of the 
iron will increase with the speed of stirring, 
but the rate of corrosion will not reach that of 
magnesium at any experimental speed so far 
tested. 

An objection to the foregoing argument might 
be raised that owing to the rapid evolntion of 
gas from magnesium in N/10 sodium chloride 
the liquid can never be regarded as stagnant, 
and tho comparison with iron is, therefore, 
imperfect. Thi3 raises the question of the 
effects of the motion of salt solutions on 
corrosion rates. 

It is not easy to produce complete stagnancy 
in a solution since convection currents are set 
up by very small temperature changes and by 
evaporation, but with a minimum of motion 
corrosion rates may be low owing to two 
factors i 

(1) Restriction of oxygen supply. 

(2) Restriction of the supply of ions to form 
soluble anodic products. 

Magnesium will not be affected by (1), since 
oxygen plays no part in the process ; it might 
be affected by (2) if the supply of chloride ions 
became very low in the solution owing to the 
formation of insoluble basic chlorides of mag- 
nesium. The main corrosion product is, 
however, magnesium hydroxide, and usually 
corrosion proceeds rapidly. Iron resembles 
magnesium in not forming stable basic chlorides, 
but the rate of corrosion of zinc {in a compara 
tively limited volume of solution) slows down 
owing to the diminution of chloride ions and the 
increase of alkalinity in the solution {weak 
alkalis protect zinc, but very strong ones can 
attack it). 

With increased motion of tho liquid the rate 
of corrosion of iron in N/10 chloride solution 
also increases, at first rapidly, and then more 
slowly, and this increase is, no doubt, mainly 
due to the increased amount of oxygen made 
available for depolarisation. The effect, how- 
ever, is not the same in all solutions ; for 
instance, in some types of hard water the 
effect of slightly increased motion is to raise 
the rate of corrosion, hut more rapid motion 
depresses it almost, or quite, to zero (Heyn and 
Bauer, 1910, lx.; Friend, 1922, l c. ; Forrest, 
Roetheh, Brown, and Cox, Ind. Eng. Chem. 
1931, 23, 1010). The distribution of corrosion 
is also gradually changed in the direction 
of greater localisation before complete suppres- 
sion is effected. This phenomenon seems to be 


due to the formation of protective films con- 
sisting mainly of hydrated feme oxide at all 
the potentially anodic areas, (In the presence 
of ions, such as chloride, iron will tend to 
travel an appreciable distance from an anode 
before it is precipitated as hydrated oxide). 
Distilled water readily shows this peculiar 
form of passivity, which unfortunately resembles 
some of the other forms of passivity in the fact 
that it does not persist if the metal be removed 
from the passivifying conditions; nor is it 
necessarily permanent in time even in those 
conditions. The protective film may gradually 
thicken and break down, and intense local 
corrosion may then occur. In the absence 
of the passivity just described, the rate of 
corrosion in ordinary salt solutions will increase 
continuously with speed of movement became 
of the large supplies of oxygen available for 
depolarisation. Thus Speller and Kendall 
{Ind. Eng. Chem. 1923, 15, 134), using iron 
tubes which had not been, previously freed 
from rust, found that corrosion increased con- 
tinuously with increase in the velocity of 
water flowing through them. 

Tho effect of motion in the case of solutions 
in wlueh corrosion is mainly associated with 
hydrogen evolution is different from that 
discussed above. The rate of corrosion is 
usually depressed as the speed increases, 
apparently because of the rapid removal of 
hydrogen bubbles which would otherwise form 
nuclei at which increases of gas formation 
could occur — in other words, gas is evolved more 
rapidly at an existing bubble than at a metal 
surface {Whitman, Russell, Welling, and 
Cochrane, Ind. Eng. Chem. 1923, 15, 672) 
Nevertheless, the rates of corrosion in such 
liquids aTe still so high that the possible effects 
of increased depolarisation by the rapid supply 
of dissolved oxygen are negligible. 

The effect on steel corrosion in alkali chlorides 
of oxygen pressures from one to twenty five 
atmospheres has been studied by Lee {Trans. 
Faraday Soc. 1932, 28, 707) and Bengough 
and Worm well {IVth Report of the Corrosion 
Committee, Iron and Steel Inst. 1936, 213). 
The effect depends largely on the experimental 
technique used in raising tho pressure of the 
oxygen. Jf it be raised to two to fivo atmo- 
spheres before immersion of the steel in sodium 
chloride solution (N/2 or Nj 10,000) or in a 
hard tap-water, very little corrosion occur* 
(less than 5 mg. in 10 days on a specimen with 
a surface area of 15 sq. cm ). If, however, 
the steel be first immersed in the liquid and the 
pressure raised subsequently the amount of 
corrosion in 10 days will be 120-170. mg 
according to the solution used. If air at 
10 atms. pressure be substituted for oxygen, 
i e. a partial pressure of two atmospheres of 
oxygen, the amount of corrosion in JV/2 NaCr 
will be increased to about 36 mg, in 10 day* 
with the first method of exposure, as compared 
with about 90 mg. in the second method. _ It 
noteworthy that the amount of corrosion in air 
is less than in oxygen at equivalent partial 
pressure. The amount of hydrogen evolved 
when the second, or more usual, method of 
exposure is used is not greatly influenced by 
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increase of oxj'gen pressure, and the corre- 
sponding amount of corrosion is negligibly small 
in sodium chloride solutions. The corrosion/ 
time curves are straight lines which show 
increasing slopes with increased oxygen pressure 
up to about 20 atmospheres ; at higher pressures 
the corrosion rates increase but slowly, perhaps 
because the corrosion products become hardened 
and so tend to restrict the movement of oxygen 
and ions in solution. 

It will have become evident from the above 
discussion that the effect of increased supplies 
of dissolved oxygen may be negligible, stimula- 
tive, or repressive, according to the conditions of 
experiment. The fact that a high supply may, 
in certain conditions, ennoble, render cathodic, 
and protect a sample of iron or steel has led 
to the development of the “ Differential Aeration 
Principle of Corrosion.” Early work in this 
field was due to J. Aston (Trans. Amer. Electro- 
ehem. Soc. 1916, 29, 449), R. J. McKay (ibid. 

1922, 41, 201) and U. R. Evans (J. Inst. Metals, 

1923, 30, 239), the last-named having developed 
the subject in many subsequent papers. The 
principle states that a piece of metal tends 
to become anodic and attacked at places 
on its surface where the oxygen supply is 
least, and cathodic and protected where the 
oxygen supply is greatest. An example of the 
principle was considered to bo the behaviour 
of zinc or steel half-immersed in, for instance, 
dilute sodium chloride solution. Since the 
oxygen supply will be most rapid to those parts 
of the metal surfaces which are nearest the 
liquid surface, these parts should be cathodic 
and protected, and those lower down anodic 
and attacked. Many experiments showed this 
prediction to be confirmed. It became clear, 
however, that the composition of the liquid 
affected the result ; thus, if ammonium chloride 
were substituted for sodium chloride no pro- 
tection was obtained near the water-line. 
Accordingly, the -explanation was incorporated 
that the protection in the solution of the sodium 
salt is not due to oxygen per se but to alkali 
which is formed where oxygen unites with 
cathodic hydrogen to form water. The alkali 
protects the metal by causing precipitation of 
ferric hydroxide on the metal at the moment 
iron ions enter solution. Thus the mechanism, 
as emphasised by Bengough and Wormwell 
(Proc. Roy. Soc. 1933, A, 140, 399), consists 
essentially in the preferential development of 
protective films at the most oxygenated areas of 
the metal. ' 

It was next found that the protection thus 
afforded was not necessarily permanent and 
that both zinc and iron could become heavily 
attacked at, and near, the water-line even in 
solutions of alkali chloride after long periods of 
partial immersion ; in fact, the attack might 
be so rapid as to overtake and surpass that which 
occurred at the less aerated parts of the metal. 
The explanation seems to be that the film 
which is first formed is not completely pro- 
tective, but slowly thickens and finally breaks 
down owing to secular changes ; when this has 
occurred corrosion is very rapid at the breaks, 
because of the high supply of oxygen which, 
per se, normally acts as an accelerator of 
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corrosion in stagnant liquids exposed to the air 
at ordinary temperatures. An alternative 
explanation of this water-line attack which 
begins after long periods of .partial immersion is 
that the supply of alkali to the water-line 
gradually falls owing to diminution of corrosion 
at more deeply immersed areas, which beeomo 
covered with hardened and protective masses of 
corrosion product. 

The differential aeration principle has been 
used to explain many examples of the localised 
corrosion of iron and steel, often with little 
justification. Deposits of rust, for instance, 
have been stated to be not only the results of 
corrosion but also the causes of local attack ; 
deposits of foreign bodies, such as sand, have 
been supposed to act similarly ; holes and 
crevices in metal, to which access of oxygen is 
restricted, are supposed to cause pitting. None 
of these ideas is correct generally, though 
each may be true in particular conditions. 
Differential aeration actually appears to be 
only one of the factors which can influence the 
distribution of corrosion over the surface of a 
metal in particular conditions, and is often not 
the most important (Bengough and Wormwell, 
J.S.C.I. 1937, 56, 349). Others are : , 

1. Differences in the surface conditions of a 
metal, e.g. roughnesses and phase-types. 

2. The chemical composition of the electro- 
lyte, w’hich may become inhomogeneous when 
corrosion occurs. 

3. The geometry of the metal-electrolyte-gas 
system. 

4. Gravitational streaming. 

5. Interfacial tension effects. 

6. Breakdown of protective films by “ ageing ” 
and other causes. 

7. The presence of foreign bodies, discon- 
tinuous mill-scale, etc. 

From what has already been said, it will have 
become clear that corrosion is a highly specific 
phenomenon both as regards metal and environ- 
ment, and corrosion velocities and distribution 
are difficult to predict from first principles 
largely because of the varying physical pro- 
perties of corrosion products. In a single 
experiment these properties may vary with time 
and may change, for instance, from being highly 
protective to completely non-protective. Hence 
the importance of a knowledge of long-period 
corrosion tests carried , out in many types 
of defined conditions. A series of such tests 
has been carried out (Bengough and associates, 
1926-1937) principally with zinc, iron, and 
carbon steels, and in stagnant conditions, but 
many more will be required before the subject 
can be considered to rest on a satisfactory 
quantitative basis. 

Corrosion Fatigue. — Discussion so far has 
been confined to the behaviour of metal in an 
unstressed condition. If a sample of steel, for 
example, be stressed to a definite extent and 
then immersed, the corrosion rate in acids 
is usually increased but in salt solutions is not 
much altered. If, however, the stress is 
frequently reversed during the corrosion 
process a somewhat complicated process of 
destruction or alteration of the metal may be 
set up, the result of which is not necessarily 
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identical with that which would be predicted 
from measurements of the results of corrosion 
and stress separately; it is usually much 
more serious. Conditions that hare been par- 
ticularly studied are alternate tension and 
compression, alternate bending and alternating 
torsion. If by any of these means the stresses 
are varied in a regular manner through a range 
in w hich zero stress is the middle point, then the 
greater the range the smaller the number of 
alterations of stress a metal can withstand before 
fracture. In the absence of any appreciable 
amount of corrosion, t.e. if the experiments are 
carried out in a vacuum or in a dry inert gas, a 
metal may be expected to withstand an infinite 
number of stress alterations provided the stress 
range is below a definite limiting value, which is 
known as the “ fatigue limit.” Since the 
determination of this value is a very long and 
tedious process, another value, known as the 
“ endurance limit " is often determined instead. 
This is merely a stress range which haa not 
produced fracture in a stated number of stress- 
cycles, and, as Cough (J. Inst. Metals, 1932, 
49, 17) has pointed out, has no meaning unless 
this number is given. Gough and 8opwith 
(tiid. 83) have shown that if testa be earned out 
in presence of air and moisture the curves 
showing the relation between stress range and 
number of cycles withstood (commonly called 
SN curves) he wholly below those conducted 
in a vacuum or inert gas, particularly with 
copper, brass, and mild steel , evidently corrosion 
has played a part in the result and the joint 
destructive action is an example of “ corrosion 
fatigue.” Much more serious deterioration 
may occur if a liquid corrosive agent, such as 
salt solution or some type of tap water, be 
present in addition to air. In such conditions it 
may be impossible to find any true “ corrosion 
fatigue limit," because fracture of the metal 
may occur at extremely low stress ranges, or 
even in absence of stress, » e. by corrosion 
alone. The common practice is, therefore, to 
determine what is really an “ endurance limit ” 
at a stated number of cycles, but m much of 
the literature this is frequently called a 
“ corrosion fatigue ” limit. 

Fracture owing to corrosion fatigue begins 
with the formation of surface cracks which are 
narrow fissures with sharply pointed ends, and 
their formation and progress haa been studied 
in detail by Gough and associates in a whole 
series of papers m recent years. In aluminium, 
the cracks appear to start owing to pre 
ferential corrosion along the sites of previously 
formed shpbands ; they are numerous and 
small, and are most thickly distributed " in 
the region of maximum resolved shear stress 
intensity ; they are thus directly related to tho 
crystalline structure of the specimen and to the 
applied stress system.” In general, the cracks 
do not follow the boundaries between the crystal 
grams, and do not necessarily start from the 
bottom of large surface pits produced by corro 
sion. Nevertheless, stress -concent ration at the 
point of notches, etc., plays a part in the 
propagation of cracks when they have once been 
started. In the opinion of Gough (1 «.) the vastly 
increased velocity of corrosion under corrosion 


fatigue conditions, as compared with stresslesi 
corrosion, is “ due to the effect of tbs cyclic 
strains on the porosity and rupture of the 
(wholly or weakly) protective films that tend 
to form under corrosive conditions.” These 
films are, in the writers’ opinion, identical with 
the anodic films which are believed, on quite 
other grounds, to be commonly formed on 
steel, for instance, when corroding in salt solu. 
tions or industrial waters. These films limit 
the rate of stressless corrosion in presence of t 
particular rate of oxygen supply, but if they were 
to suffer frequent rupture the corrosion rata 
with that same oxygen supply might be greatly 
increased. In this connection it is interesting 
to note that Speller, McCorkle, and Mumma 
(Proc. Amer. Soc. Test. Mat. 1928, 28, 
159; 1929, 29, 238) have shown that certain 
passivifying agents, such as chromates, are 
able to reduce liability to corrosion fatigue, 
doubtless by repairing the anodic protective 
film as fast as it is fractured. 

For steel parts operating m water, the pre 
vention or amelioration of corrosion fatigue by 
various surface treatments (e g. nitriding, 
coatings of zinc, cadmium, synthetic resins, 
etc ) or by additions to the water (e g. sodium 
dichromate and various emulsifying oils) has 
been discussed by Buchholtz and Krekeler 
(Stahl u. Eisen, 1933, 53, 671) and many others 
(see especially, Sopwith and Gough, J. Iron and 
Steel Inst. 1937, 135, 315) In the case of 
aluminium alloys complete immunity from 
corrosion fatigue under Halt spray condition* 
was reported by Gerard and Sutton (J. Inst. 
Metals, 1935, 68, 29) from a synthetic resin 
varnish applied to an unodically oxidised surface 
of duralumin and stoved for 2 hours at 150° 
(see also under “ Corrosion of Metals : Protective 
Measures ”) A. J. Gould (Engineering, 1936, 
141, 495) haa shown that the endurance of steel 
wire under corrosion fatigue may be con* 
siderably reduced by nse of temperature. 

References — General surveys of tho subject 
of corrosion fatigue, with bibliographies, have 
been given by H. J. Gough (1932, supra) and 
by A Thum and H. Ochs, “ Korrosion tmd 
Rauerfestigkeit.” Berlin, 1937, V.D.I. Verlag. 

Season-Cracking. — A phenomenon alhed to 
corrosion fatigue is that of “season-cracking" 
This is exhibited characteristically by fabricated 
articles of certain alloys, particularly high- 
zino brasses and nickel brasses (“ nickel silvers ’’) 
following heavy working by rolling or drawing, 
or insufficient annealing; action may bo long 
delayed but may result in tho disruption of the 
article, sometimes whilst still in storage. A* 
with corrosion fatigue, corrosion and stress are 
the two mam factors, but the latter, being static 
rather than dynamic (a survival from the 
previous history of the specimen) must be 
distinguished from the alternating stresses of 
corrosion fatigue. Tho corrosive agents that 
promote season-cracking are usually highly 
specific— e g. caustic alkalis and strong nitrate 
solutions for mild steel, and for brass traces of 
ammonia (sometimes other atmospheric im- 
purities) or mercury; a 1% solution of mer- 
curous nitrate, with 1% free nitric acid, I* used 
as a reagent for rapidly detecting season- 
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cracking proclivities in brass. In further dis- 
tinction from corrosion fatigue, season-cracks 
follow an interciystalline rather than a trans- 
crystalline course, the internal stresses tending 
to draw the crystal grains apart, hence facilitat- 
ing penetration of the corrosive agent ; it has 
been suggested that a process of “ age-harden- 
ing,” whereby some constituent is rejected from 
solid solution at the grain boundaries, may 
play a contributory part. Season-cracking may 
be prevented by excluding the corroding medium 
by means of suitable coatings ; much the 
sounder procedure, however, is to eliminate or 
to reduce to safe limits, by appropriate heat- 
treatment, the residual stresses within the 
material. Much of the work on season-cracking 
has been carried out by H. Moore and co- 
workers; present knowledge of the subject is 
surveyed by J. D. Jevons (Metal Industry, 1937, 
50, 431). 

Corrosion by Sea-water. 

Corrosion by sea-water is a matter of such 
great industrial importance that it has received 
much attention in recent years. The extensive 
investigations of the Sea-Action Committee of 
the Institution of Civil Engineers (“ Field 
Tests on Ferrous Materials,” by J. N. Friend) 
may be especially mentioned (e.g. XVth 
Report, l.c., 1935). Early workers in this 
field believed that a solution of sodium chloride, 
the chief salt in sea-water, could be used 
for comparative tests instead of the natural 
water itself provided it was of equivalent 
(approximately half-normal) concentration. 
Bengough and Lee (J. Iron and Steel Inst. 1932, 
123, 285) carried out experiments with the two 
and found marked differences. In sea-water, 
the corrosion of mild steel is accompanied by a 
much larger proportion of hydrogen evolution, 
which, in stagnant conditions, might correspond 
to one-half the total corrosion, but in half- 
normal sodium chloride solution only to about 
6%. An increase of oxygen supply raises the 
corrosion rate of mild steel in sea-water by a 
smaller amount than in the pure chloride solu- 
tion, and this is due mainly to the fact that 
an increase of oxygen does not much alter the 
rate of hydrogen evolution. Corrosion/time 
curves for mild steel in stagnant sea-water 
fluctuate ' about a mean position and the 
mechanism of the corrosion is probably rather 
complicated. This is only to be expected, 
since sea-water contains, in addition to sodium 
chloride, chlorides and sulphates of magnesium 
and calcium, and traces of a large number of 
other salts and organic matter. Largely, no 
doubt, on account of the last-named, it has not 
been found possible to prepare from inorganic 
salts alone a solution which would reproduce 
the corrosive effects of sea-water on mild steel. 

The presence of bacteria in sea-water may also 
assume importance in certain cases. In the 
presence of nitrogenous organic matter, micro- 
organisms of the ammonia-producing type have 
been associated (Grant, Bate, and Myers, 1921) 
with a localised attack on brass condenser tubes 
caused by the selective solution of copper by the 
action of ammonia. Such organisms have 


obviously a limited field of activity, Bince copper 
is the only one of the industrial metals that is 
sufficiently susceptible to attack by ammonia. 
A more general vulnerability is probably 
offered to the action of sulphate-reducing 
bacteria which are very widely distributed 
(see “ Review of the Physiology and Bio- 
chemistry of the Sulphur Bacteria,” by H. J. 
Bunker, Department of Scientific and Industrial 
Research, Chemistry Research Special Report, 
No. 3, 1936), but restriction is here brought 
about by the fact that they are active only 
under anaerobic conditions. Particularly favour- 
able conditions are afforded in deep-seated sea- 
muds, as, for example, the extensive deposits 
in the Atlantic Ocean off Walvis Bay, South 
Africa. Periodic eruptions liberate large 
amounts of hydrogen sulphide, which not only 
can be detected by smell at great distances 
but have been stated to accentuate the corrosion 
of metal structures on land. These deposits 
have been investigated by Copenhagen (Union 
of South Africa, Dept. Comm, and Ind., Fish 
and Marine Biol. Survey Div., Investigational 
Report No. 3, 1934), who also found the mud 
at the sea bottom of Capetown Docks to contain 
iron sulphide formed by the reaction of bac- 
terially produced hydrogen sulphide with the 
excess of iron compounds present in the dock 
water. Corrosion associated with sulphate- 
reducing bacteria can bo caused (1) indirectly 
by the action of liberated hydrogen sulphide in 
solution or otherwise, or (2) more directly by 
the presence of the metal structure in situ 
where anserobic reduction of the sulphates is 
taking place. In this case it iB now believed 
that the metal itself may take an active part 
in the reduction process (see “ Corrosion by 
Soils,” infra). Examples of the first process are 
provided in harbours and docks, more par- 
ticularly in certain waters. The presence 
of metals at the sea bottom must usually be due 
to such adventitious causes as wrecks, and 
interesting cases have been described where 
cast iron cannon, long submerged in this way, 
have been completely “ graphitised.” 1 Never- 
theless, the possibility of a stimulation of this 
type of corrosion by the presence of sulphate- 
reducing organisms must be borne in mind under 
any conditions in which the supply of oxygen, 
locally or otherwise, is likely to become depleted. 

The corrosion of marine condensers presents 
a number of problems that have been systemati- 
cally investigated over a number of years 
(Reports to Corrosion Committee of Institute of 
Metals by G. D. Bengough and co-workers, 
J. Inst. Metals, 1911 onwards). Corrosion is 
greater in harbour waters than on the high seas 
and increases with temperature and with speed 

1 The “ graphitisation ” or "graphitic softening” of 
cast iron may take place under various conditions such 
as encourage electrochemical action between iron and 
graphite in the system. It consists in the leaching-out 
of the soluble iron-rich anodic product with consequent 
enrichment of the residue in graphite, which (together 
with smaller amounts of other insoluble constituents, 
carbides, silicides, etc.) remains behind as a skeleton or 
matrix, the interstices becoming filled with sufficient 
iron oxides and hydroxides (produced by corrosion) to 
cement the whole loosely together. The original shape 
of the object is retained, but the specific gravity is 
greatly reduced and the material is softened sufficiently 
to permit cutting with a knife. 
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of working. Turbulence at the inlet end will 
produce rapid corrosion of brass tubes, par- 
ticularly if much entangled air is present, giving 
nse to characteristic ** impingement attack." 
Localised corrosion may also occur through the 
settling of various deposits in the tubes. The 
failure of brass tube3 sometimes takes the form 
of so called “ dezincifi cation this has been 

shown to consist of an attack on the brass a 
whole, followed by rcdeposition of copper 
situ, and to be favoured by retention of the 
corrosion products as a membranous layer in 
contact with the metal (For ameliorative 
measures, see p. 389 ) The present position of 
condenser tube corrosion has been surveyed by 
It. May (Inst Marine Engineers, 1937, 49, 171) 
Corrosion (and Protection) of Ships’ 
Hulls — The corrosion of ships’ hulls comprises 
by far the largest scale practical problem 
associated with sea water attack and calls for 
special consideration It will be convenient to 
deal here with methods of protection specific to 
this problem (methods of protection m general 
are discussed later, p. 385) Sea-water seems to be 
more corrosive than many types of fresh water 
towards mild steel Thus, Montgomery and 
Lewis (Trans. Inst Engineers and Shipbuilders 
in Scotland, 1033, 75, 391) state that " vessels 
trading continuously in fresh water, as in the 
Great Lakes of North America, suffer practically 
no corrosion of hull structure.” Nevertheless, 
sea water is not necessarily tnore corrosive than a 
fresh water, for hard Teddmgton tap water (tem- 
porary hardness 21, permanent hardness * 
parts per 100,000) is actually more oorrosive 
towards mild steel in stagnant conditions 
Movement, however, depresses the rato of 
corrosion of the hard water but increases that 
of the sea-water, so that with rapid movement 
the sea-water is the more corrosive. 

Stainless steels of the type containing about 
18% chromium and 8% nickel resist the action 
of sea-water better than plain carbon steels, 
but are still too costly to use for ship con- 
struction. Paints are therefore used to protect 
hull structures, and if care is taken to apply 
them properly and periodically, shell-plating, 
frames, and beams should last 20-25 years at 
least. Special parts of the ship, such as tl 
scour area of ashes from an ejector or where 
discharge of water flows more or less con- 
tinuously, may require renewal in much shorter 
periods. 

There appears, however, to be a consensus of 
opinion among British and Continental observers 
that the corrosion of both steel plates and of 
rivets in the structure of ships' hulls has 
assumed rather more serious dimensions during 
recent years In the absence of definite 
evidence, changes in the quality of the metal 
cannot bo held responsible for the increased 
corrosion of plates ; but with respect to rivets, 
many people believe that the substitution of 
“rimming" steel for solid steel or wrought 
iron m modern practice has had a prejudicial 
influence. (The use of rimming steel for the 
manufacture of riieta for ships' hulls is now 
prohibited by the Committee of Lloyd's Register 
of Shipping and certain other authorities) 

If anything, the rivets should be slightly 


less vulnerable than, or slightly cathodic to 
the plates, since a more generally distributed 
corrosion on the plates is preferable to a localised 
attack on the rivets. The use of copper steel 
has been suggested; although the intrinsic 
superiority of this material is not so marked m 
seawater as it is in industrial atmospheres 
a special advantage is claimed for its applies 
tion to ships’ rivets, because it is slightly cathodic 
to ordinary mild steel when the two material, 
are in contact 

Turning to ships’ plates, there is considerable 
evidence of changes in treatment, as distinct 
from changes in composition, which may hare 
an important bearing on corrosion. It has lone 
been customary to expose the plates to the 
weather, after leaving the rolls, with the 
object of removing mill scale. Formerly a 
generous time, amounting perhaps to many 
months, w as allotted to this process j in recent 
years, however, the tendency secm 3 to have 
been to cut down this time and to use partially 
descaled steel in the ships’ hulls. It has been 
suggested, moreover, that the scale formed in 
modern practice is more difficult to remove thaa 
that formed in tho older conditions ; this matter 
is now being investigated under the auspices of 
the Corrosion Committee of the Iron and Steel 
Industrial Research Council. Removal of seals 
by acid pickling has not hitherto been generally 
adopted (except in the Navy), but this is a 
quick and efficient method, particularly if 
an inhibitor be used to reduce attack on tho 
metal. The premature failure of paint coating, 
applied to partially descaled steel is often duo 
to the weakness at discontinuities in the scats 
and is aggravated by mechanical causes ; when 
once corrosion has started, deterioration of tho 
paint is facilitated partly by alkali produced 
by corrosion and partly by a process of under- 
mining which may cause scale and paint to come 
away together. 

Besides incomplete removal of scale, the timo 
allowed in modern practice for painting and 
particularly repainting is often quite inadequate 
to ensure efficient protection. Tho dry-docking 
of a vessel at the end of a cruise for the purpoao 
of repainting tho hull normally occupies tho 
period of a 12-hour tide. The operations which 
must bo completed within this time include tho 
removal of marine growths, the removal of old 
paint, tho drying of the metallic surface, the 
application of the anticorrosive paint and the 
antifouling preparation, and, finally, the drying 
of tho coating. So far as the last named process 
is concerned, tho Paint Industry has responded 
to requirements by evolving special quick drying 
compositions The older linseed-oil typo of 
paints yields good results provided a sufficient 
period of drying is allowed, and combined with 
a red lead baso it provides a priming coat 
that is satisfactory for general work. For 
ships’ hulls, however, such paints have been 
largely replaced by compositions, typically 
damar resins in solvent naphtha, that dry 
owing to the evaporation of a solvent, as distinct 
from the complex oxidation process that con- 
stitutes the “ drying ” of linseed oil. In recent 
years preparations with a bituminous (asphalt) 
base have come largely into use ; these have tho 
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advantage of being both quick-drying and 
insulating, and thus provide a suitable inter- 
mediary between the steel and the antifouling 
paint, which frequently stimulates rather than 
prevents the corrosion of contiguous metal. 
Recent practice in the United States appears to 
favour the use of coal-tar and rosin, both in 
anticorrosive and in antifouling compositions 
(Gardner and Hart, Amer. Paint and Varnish 
Manufacturers Assoc., Circ. No. 397, 1931) ; 
the following anticorrosive is now used in the 
U.S. Navy Department (values in pounds per 
100 gallons of paint) : zinc oxide 187, Venetian 
red 93, silica 93, rosin 146, coal-tar naphtha 
383, coal-tar 48, manganese linoleate 130, 
beeswax 3-3. For the painting of steel hulls for 
fresh-water service, Speller (Mech. Eng. 1935, 
57, 358) quotes good results from a mixed 
pigment (red lead 75%, lead chromate 12-5%, 
zinc chromate 12-5%) in a treated tung oil 
medium. J. L. Bedale (Proc. Chem. Eng. 
Group, S.C.I. 1935, 17, 89) gives the following as 
an average analysis of paint for protection of 
hulls in British Naval practice: 25% solvent 
(naptha, paraffin or white spirit), 35% soluble 
medium (resins and drying oils), 40% insoluble 
solid (zinc or iron oxide, etc.). 

Assuming a satisfactory paint composition 
the success of the operation largely depends on 
prevailing atmospheric conditions ; a film of 
moisture on the metal, even of invisible dimen- 
sions, will effectively lower the adhesion of 
the paint, whilst the occlusion of salt particles 
beneath the coating adds considerably to the 
difficulty. (Painting with white lead in the 
steel mill while the metal is still hot has been 
found to be advantageous, see Fourth Report 
of tho Corrosion Committee of the Iron and Steel 
Institute, 1936.) Tho factors that militate 
against the success of painting under ordinary 
dry-dock conditions are complex enough to 
deserve greater time and- attention than is 
usually accorded them if a satisfactory degree of 
protection is to be ensured. In practice the 
question resolves itself into one of economics. 
It is possible to secure not merely an equal 
but a definitely greater protection from corrosion 
than that obtained in earlier years ; but this is 
possible only by increasing the time and care 
expended on painting and drying with con- 
sequent greater cost. Which course to adopt is 
for engineers to decide ; but it may be asked 
whether economy would not be better served by 
greater attention to protective measures, with 
consequent reduced wastage of metal and paint, 
of which latter enormous quantities are probably 
discharged into the sea soon after the ship 
leaves dry dock. 

Fouxjnq of Ships’ Hulls. — The “ fouling ” 
of ships’ hulls by the accumulation of marine 
growths is not necessarily related to corrosion, 
for the trouble is mainly associated with the 
serious reduction in speed for which such growths 
may be responsible, and any corrosion directly 
attributable to this cause is usually relatively 
unimportant. 1 Nevertheless, it is convenient to 

1 Hedley and McLean (J. Assoc. S. African Mech. 
Elect. Eng. 1930, 9, 223) report, however, that stain- 
less steel of “18/8” type undergoes severe attack at 
places of attachment of barnacles. 


discuss fouling together with corrosion, for the 
treatment of the ships’ hull must take into 
account both phenomena. The growths com- 
prise several main groups of organisms, chiefly 
barnacles and molluscs (both of which are 
commonly referred to as “ shell ”) and certain 
“ sea grasses ” (a term which seems to be 
applied indiscriminately both to hydrazoa 
and algce); many different species have been 
recognised (see comprehensive review by J. P. 
Visscher, U.S. Dept, of Comm., Bur. Fisheries, 
Document No. 1031, 1927). As illustrating the 
importance of the problem, Visscher states 
that “ after vessels have been at sea for 6 or 8 
months they frequently accumulate growths 
from 2-3 in. in depth, and vessels with from 
50 to 100 tons of fouling are seen quite 
frequently.” Growths up to 1 ,000 tons in weight 
have been reported, but these no doubt repre- 
sent cases where dry-docking has been neglected. 
According to Visscher, speeds in regular practice 
are reduced by amounts up to 50% and fuel 
consumption increased up to 40%. The trouble 
also affects flying-boats, which, in the tropics, 
have sometimes been prevented from rising from 
the water. 

The treatment consists in applying over the 
ordinary corrosion-resisting paint a preparation 
that will be inimical to the attachment of 
marine organisms or, more particularly, their 
spores; such preparations are usually described 
as “ paints,” but frequently they contain 
substances that would promote corrosion if not 
insulated from contact with the underlying 
metal. On the other hand, the bituminous 
primary coat that is commonly applied to ships’ 
hulls, whilst protecting the metal against 
corrosion, offers no resistance to the lodgment of 
marine organisms, certain kinds of which have 
been found to eat through the coating. Anti- 
fouling preparations in common use owe their 
value almost entirely to their poisonous content ; 
when this is exhausted, antifouling properties 
cease. The problem is, therefore, to ensure that 
the toxic matter is released by the “ paint ” in 
sufficient concentration over a reasonably long 
period of time. It is one of peculiar-difficulty, 
because widely different conditions must be 
met. For example, inoculation of the paint 
surface with the minute spores, which sub- 
sequently grow in situ to large dimensions, 
takes place almost entirely whilst the vessel 
is in port, motion being inimical to their attach- 
ment ; if, however, the solubility of the paint is 
adjusted to afford adequate protection during 
this period it dissolves at an inordinate rate 
whilst the vessel is cruising, with the result that 
its toxicity is rapidly exhausted. In practice 
a compromise is attempted and wide variations 
in the effective life of the antifouling paint occur. 
Visscher (l.c.) states that “ under optimum con- 
ditions vessels foul within 30 days of the time 
of diy-docking.” Orton (Trans. Inst. Marine 
Engineers, 1931, 43, 276) questions, however, 
whether this figure is capable of general applica- 
tion (see also H. W. Keenan, J. Oil Col. Chem. 
Assoc. 1933, 16, 67). Light has been found to 
be inimical to the growth of many fouling 
organisms, particularly barnacles, which flourish 
most in “shaded” areas (Visscher, he.); 
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Wolfgang Neu (Intemat. Rev. ges. HydrobioL u. 
Hydro gr. 1933, 28, 228) states that green 
colours of wavelengths 500-558 pp are strongly 
avoided by cypnd larvse. The use of suitably 
coloured preparations is therefore being advo- 
cated, also aluminium pigment (wi/ro) for the 
purpose of repelling growth-forming organisms. 

The properties of an antifouhng paint will 
clearly depend largely on the nature of the 
medium or H matrn,” which should resist the 
erosive action of sea-water for at least as long 
as the toxicity of the paint is maintained ; 
various varnishes, gums, and resins are used for 
the purpose. Special attention is usually given 
to the area exposed to alternate wetting and 
drying (m practice a belt about 3 feet in width) 
where mechanical conditions reach their greatest 
seventy. The mixture applied to this part (the 
“ boot topping composition ”) should have 
maximum toughness and resistance, for which 
purpose synthetic resins have proved especially 
valuable in modem practice. With regard to 
the toxic constituents, compounds of mercury 
and of copper have so far proved the most effec- 
tive, their joint presence, in a hue state of sub- 
division, being considered to be advantageous; 

E rne oil is believed to add to the toxicity. M 
opez (Quim. Ind 1929, 68, 222) states that 
copper resmate (a green powder soluble in paint 
media) is preferable to most substances hitherto 
used, and gives results much better than those of 
the earlier paints. According to Keenan (I e ) 
there is some relationship between molecular 
weight, effective toxicity, and structure, the 
cyclic aromatic ergano-raetaliic compounds being 
lees stable than the open-chain compounds 
Good results havo been reported (Gardner and 
Hart, { c.) for an antifouhng preparation used 
by the U.8. Navy Department, which is as 
follows (lb. per 100 gallons of paint): zinc 
oxide 212, silica 82, magnesium silicate 83, 
cuprous oxide 112, mercuric oxide 45, balsam 
rosin 202, coal tar 133, pine oil 74. The presence 
of coal tar and of rosin is noteworthy. Opinions, 
however, are divided as to the effectiveness of 
coal tar in antifouhng preparations and ita 
use is not generally favoured in this country. 
J. L. Bedale (l e„ p. 383) states that in modem 
British Naval practice the submerged part of the 
hull ia given two or more coats of anticorrosive 
paint, followed by one coat of antifouhng com- 
position, the latter being appb'ed immediately 
before the dock is flooded, owing to its deteriora- 
tion when exposed to air (the boot-topping com- 
position is applied in the same way) j the anti- 
fouling composition contains solvents similar to 
those in the protective paint (supra) with 
additions of poisonous compounds of copper, 
lead, arsenic or mercury. The use of chlorinated 
robber as a medium, with additions of copper, 
mercury, zinc, arsenic or selenium, alone or in 
combination, has been introduced (Smith, 
Pomtt, and Dyer, B.P., 1935), aluminium 
powder being incorporated to give a light- 
coloured surface inimical to organisms. 

Corrosion by Soils. 

Although corrosion of metals embedded in 
soils is not in general so common as in the 
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atmosphere or nnder water, it nevertheless 
presents problems of some magnitude mdas 
trially. The economic importance of the 
subject, aa it affects, for example, water so&ins, 
electric cables (sheathings), and suchlike, w 
reflected in the large scale organisations for it* 
investigation, particularly in the United States 
and in Holland ; recently a committee with 
similar objects has been set up in this country 
under the auspices of the Institution of Civil 
Engineers and further developments must be 
expected. 

The complexity of the conditions is indicated 
by the large number of factors which may 
enter into the process, e g the content of oxygen, 
moisture, and soluble matter (solid, liquid, and 
gas), hydrogen ion concentration, electrical 
conductivity, particle size, drainage; bacterial 
processes are in many cases of importance, 
likewise the presence of stray " currents 
from electric railways, etc , which may stimulate 
“ electrolytic corrosion." Fortunately many of 
these factors are interdependent, so that 
conditions relatively unfavourable to corrosion 
are by no means uncommon. Moreover, unless 
electrically stimulated from outside, and with 
the further jwesible exception of corrosion 
associated with bacterial action, tho rate of 
corrosion generally tends to fall off with tuns 
because of the " self stifling ” of the anodic 
process 

Bums and Salley (Ind Eng. Cbem 1930, 22, 
293) found that the corrosion of lead in moist, 
inert sands increased (within certain bouts) 
with increasing particle Bize, also with moisture 
content of the sand and with oxygen concentre- 
tion of the overlying atmosphere Bassett 
(JSC I. 1931, 50, 161) attributed diminished 
corrosive attack on steel specimens embedded 
(laboratory experiments) in salted soils to a 
restriction of oxygen diffusion. The conclusion 
might reasonably be drawn from such experi- 
ments that corrosion should become negligible 
when oxygen is completely or slmost completely 
absent. Evidence is accumulating, however, 
that many examples of quite serious soil corro- 
sion in service occur under anxrobic conditions 
and are therefore unconnected with the supply 
of oxygen. It has frequently been noted 
that the tendency lor corrosion to take the 
form of pitting increases with the acidity of the 
soil. It has also long been known that metal 
structures, particularly of cast iron, are 
frequently more prone to undergo corrosion 
when embedded in heavy clay soil than in 
porous sandy soil. This has usually been 
attributed merely to increased retention of 
water in the neighbourhood of the metal. 
Recent investigations, however, particularly 
by von Wolzogen Kfihr and Van der VJtigt m 
Holland (1934) and independently by Thaysen 
and Bunker in this country (Chemical Research 
Laboratory of the Department of Scientific and 
Industrial Research), have Jed to the conclusion 
that such corrosion is in many cases attributable 
to the influence of sulphate-reducing bacteria. 
These are anwrobie organisms of the vibrio 
type (H. J. Bunker, Vth Rep. Core. Ctte., Iron 
and Steel Inst. 1938, 431) which very commonly 
find in clay the condition* (i.e. presence of stu- 
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phates and exclusion of oxygen, together with 
the presence of minute amounts of organic 
matter) requisite for their activity. The 
organisms have the peculiar faculty of reducing 
sulphates, normally with liberation of hydrogen 
sulphide; they are typically anserobic, and 
while access of air does not destroy them they 
become active only when air is excluded. 
Their influence on corrosion under such con- 
ditions arises from the fact that they enable 
dissolved sulphates to act as “ hydrogen 
acceptors ” ; an alternative mechanism is 
thus provided for cathodic depolarisation 
which is normally dependent upon the supply of 
oxygen. It is probable that the process is 
also assisted by a certain amount of anodic 
depolarisation because (for example) iron ions 
entering into solution at the anode meet with 
hydrogen sulphide produced at the cathode 
and are precipitated as insoluble iron sulphide 
at some distance from the anode surface. It 
can be shown that the theoretical amount of 
iron converted to sulphide in this way is equal 
to one-quarter of the total iron corroded in the 
process ; and in fact the presence of a certain 
amount of iron sulphide in the primary corrosion 
product is a characteristic feature of this type 
of anserobic corrosion. Cast iron is particularly 
liable under such conditions to undergo “ graphi- 
tisation ” (c/. deep-sea corrosion, supra) no 
doubt owing to the presence of graphite facilita- 
ting the expulsion of hydrogen. In practice the 
structures most commonly affected in this way 
are cast iron water mains, and here graphitisa- 
tion proceeds from the outer surface (occasion- 
ally, also, from the inner, water, surface) leaving 
an irregular but approximately annular section 
of graphitised material. 

Probably the most effective method of 
reducing the attack on iron and steel pipe- 
lines, as will be evident from what has gone 
before, is by attention to the method of laying. 
In clay soils the interposition of a layer of 
sand, gravel or ballast is frequently advan- 
tageous; cinders, however, should be avoided 
on account of the acidity that may arise from 
the oxidation of sulphurous impurities. Of the 
protective coatings applied to pipe-lines, 
bituminous materials, both coal-tar pitch and 
natural asphalt, are most commonly used and 
are frequently reinforced with felt or hessian. 
The extensive researches on soil corrosion carried 
out in the United States by Logan and co- 
workers (U.S. Bur. Stands.) have been surveyed 
by K. H. Logan in a number of papers (e.g. 
Trans. Electrochem. Soo. 1933, 64, 118; Trans. 
Amer. Soo. Civ. Eng. 1936, 101, 811 ; Bur. 
Stands. J. Research, 1936, 17, 181 ; see “ Corro- 
sion and Protection of Pipelines in U.S.A.”, in 
“ The Science of Petroleum,” London, Oxford 
University Press, 1938, p. 747). In the corrosion 
of pipe-lines importance is attached to the 
influence of concentration cells caused by local 
differences, both physical and chemical, in the 
character of the soil in contact with the pipe ; 
this leads to localised attack, but various other 
contributory factors are recognised. (For 
methods of soil corrosion testing, see “Sym- 
posium on Corrosion Testing Procedures,” Amer. 
Soo. Testing Materials, 1937, 95). Under soil 
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conditions little difference has been observed in 
the corrosion rates of cast iron, wrought iron, and 
steel (including low-alloy steels). Similarly R. M. 
Bums reports (Bell System Tech. J. 1 36, 15, 

20) that high purity lead, lead hardened with 1% 
antimony, 3% tin, or 0-03% calcium, when used 
as cable sheathing, show approximately the 
same resistance to corrosion, environment being - 
of far greater importance than variations in the 
composition of the metal. Copper and high- 
copper alloys, however, corrode less than most 
of the ferrous alloys, except in soils containing 
hydrogen sulphide. Of metal coatings applied 
to the protection of iron and steel in soil, zino 
(hot-dipped) is most extensively used ; the 
rate of corrosion of galvanised iron is less than 
that of either steel or zinc alone and when the 
coating is perforated zino gives a certain amount 
of cathodic protection to the underlying metal. 
Lead, on the other hand, has a greater tendency 
than zinc to develop pits, and when used as a 
coating tends to accentuate, if perforated, corro- 
sion of the contiguous iron. (See also “ Corrosion 
of Metals: Protective Measures,” e.g. bitu- 
minous coatings, p. 395). 

G. D. B. and W. H. J. V. 

CORROSION OF METALS: PRO- 
TECTIVE MEASURES. Methods of com- 
bating corrosion may be considered as falling into 
three groups according as the result is achieved 
by (1) the control of external factors, (2) the 
use of corrosion-resistant alloys, (3) the use of 
protective coatings. Y*' 

(1) Control of External Factors. 

Methods of protection depending on the 
control of external factors differ considerably in 
detail. Frequently they consist in the removal 
of some harmful constituent from or the addition 
of inhibitive material to the corrosive medium. 

It follows from what has gone before that 
corrosive atmospheres can be rendered inocuous 
either by filtering out solid pollution or by 
suitably absorbing gaseous pollution ; but 
such measures can evidently be applied only in 
very special cases. A possible and obviously 
efficacious method of approach is to remove 
the pollution at source and much progress is 
being made in this direction. In the light of the 
principle of critical humidity, corrosion can 
frequently be avoided by adjusting the relative 
humidity of the atmosphere so that it is main- 
tained consistently below the critical value. 

A knowledge of general principles is particularly 
important, since it is clear that the corrosion 
mechanism must be understood before the 
appropriate kind of “ brake ” can be devised. 

In the case of immersed corrosion, it is again 
evident that methods involving treatment of the 
corroding medium cannot in general be applied 
on the large scale ; but on limited scales and 
more particularly in enclosed systems such 
methods are, in fact, of great importance. 
The procedure to be adopted will depend upon 
whether corrosion is mainly of the hydrogen 
evolution or oxygen absorption type. As 
discussed in the general article the hydrogen 
evolution type of corrosion is encouraged 
by low p a . Certain acid types of natural 
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water may have their aggressiveness removed' 
by suitable adjustment of p a , usually by 
addition of lime, which in effect displaces 
corrosion from the hydrogen evolution to the 
oxygen absorption range, the rate of attack 
being at the same time very greatly reduced 
(Whitman, Russell, and Altien, Ind. Eng. 
Chem. 1924, 16, 665). 

In cases where corrosion is inevitably of the 
hydrogen evolution type, use may be made of 
overpotential. A familiar example is the 
amalgamating of line electrodes for the pre- 
vention of local attack by the acid electrolyte; 
here the normal process, which would result in 
the liberation of hydrogen from the zinc surface, 
is suppressed because of the high overpotential 
of hydrogen in respect to mercury. An interest- 
ing practical application occurs in the acid pick- 
ling of iron and steel articles for the removal 
of surface oxide (scale and rust). Attack of the 
acid upon the metal, as distinct from the 
oxide, involves the liberation of hydrogen; 
hence this part of tbo process can be suppressed 
by such additions as will increase the hydrogen 
overpotential For this purpose organic in- 
hibitors are used, of which a varied choice is 
available , heterocyclic nitrogenous substances 
(eg. pyridine) being particularly efficacious, 
Mann, Laucr, and HultM (Ind Eng. Chem. 1936, 
28, 159) examined the inhibitive effect of ah 
phatic amines on the acid attack of iron and 
concluded that the amount of surface blanketed 
by any given molecule (hence the efficiency of 
the inhibitor) is dependent on the length of 
the hydrocarbon chains, the nitrogen atom being 
held responsible for the actual attachment 
to the metal. Many proprietary inhibitors 
used in pickling iron and steel are derived from 
by-products of industrial operations, especially 
coal-tar. W. Machu (Korrosion u. Metallsch. 
1937, 13, 20) in a comprehensive survey, 
suggests that the inhibiting action at the cathode 
is due td the formation of a film having high 
electrical resistance. 

An application of the overpotential principle 
occurs in connection with magnesium-nch alloys, 
the corrosion of which invariably follows the 
hydrogen evolution type. One of the uses 
proposed for these alloys is the manufacture 
of fuel tanks for aircraft, but difficulties arise 
from tho introduction of “ leaded fuels ” for 
anti knock purposes. The lead is used in tho 
form of lead tetra-ethyl, and ethylene di bromide 
is added for the purpose of removing the lead in 
tho exhaust gases. In the presence of water a 
complicated senes of reactions causes deposition 
of part of the lead on tbo surface of the alloy 
which then becomes attacked with liberation 
of hydrogen. The organic inhibitor process 
consists in mixing with the fuel a Bmall quantity 
of a petrol-soluble substance that will suppress 
the evolution of hydrogen from tho alloy 
surface, and for this purpose quinoline, to the 
extent of about 1%, has been found to be ex- 
tremely effective ; attack is inhibited, whilst 
the anti-knock qualities of the fuel are un 
impaired (D S I.R. Rep. Chem. Res. Board, 
1934-7, London, IUIE.O.. 1938). 

In the case of corrosion processes the rate of 
which is controlled by the amount of dissolved 


oxygen, a s commonly obtains with waters and 
neutral solutions under many service conditions, 
corrosion may be reduced to negligible dunen’ 
sions by the removal of oxygen from the system 
For this purpose both chemical and mechanical 
methods are employed. The former consist 
usually in the passage of water (which for 
economical working must bo heated) over a 
large surface of iron, special precautions being 
taken to prevent the choking of the system by 
the rust produced. Suitable plant is described 
by Speller (“ Corrosion, Causes and Prevention,” 
2nd ed., 1935). Other chemicals, such At 
sodium sulphite, are sometimes used for tbo 
removal of oxygen, but considerable care n 
necessary to avoid excess and the content of 
dissolved salt is in any case increased. There 
are many types of mechanical deaerators, from 
open heaters, in which a current of steam sweeps 
over the surfaco of the heated water, to heaters 
of the Elliott type, in which water is introduced 
into a chamber at reduced pressure, the sudden 
boiling on superheating serving to expel dis- 
solved gases. For the deaeration of water in tbo 
cold a fine spray is injected into a chamber 
under high vacuum. Mechanical deaeration 
has the advantage of removing carbon dioxide 
and other dissolved gases besides oxygen, bat 
complete elimination of the latter is probably 
best achieved by means of a supplementary 
chemical treatment. 

Further methods of water treatment include 
the addition of substances that will (1) suppress 
the anodic as distinct from the cathodio process 
which is the function of the “inhibitors" 
previously considered, (2) lead to the formation 
of a film or scale over the whole surface. The 
first group comprises alkali additions (sodium 
hydroxide, sodium carbonate, or calcium 
hydroxide); these bccomo less effective with 
increaso in concentration of dissolved salts, 
particularly chlorides. It also includes chrom 
ates, which are frequently added to brine solu 
tiona for corrosion prevention. In either case 
such additions must bo mado with caution, for if, 
as is most often the caso, the rate of corrosion 
is under cathodic control, incomplete suppression 
of the anodic process may result in its localisa- 
tion, with consequent pitting. (This point has 
been emphasised by Evans (T rans. Eiectrochcm 
Soc. 1936, 69, 213).) Sodium silicate has been 
used for the treatment of water intended to pass 
through iron and steel systems, but Us success 
appears to bo dependent on the presence of 
caicium and magnesium salts, which assist in 
tbe deposition of & protective coating. In the 
case of a saline water it must bo regarded in the 
same category as tho alkalis (supra) _ and 
appropriate care exercised in its addition. 
Nevertheless, on lead, in various types of water, 
silicate additions of the order of about 10 part* 
per million of sodium silicate, do undoubtedly 
produce strongly protective coatings; this 
confirms very early observations (Crookes, 
Qdhng, and Tidy, 1K8C), that water fa" lead- 
proof " when it contains dissolved silica. 

Organic colloids such as gelatine, agar, etc, 
also exert considerable protective influence la 
neutral solutions (Friend and Vallance, J C S. 
1921, 121, 460), the mechanism consisting 
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presumably in adsorption of the disperse 
phase on the metal surface (such emulsoids are 
known to retard solvent action of various kinds 
when adsorbed at the solid/liquid interface). 
The comparatively long life of metal cooking 
utensils (particularly of aluminium) has been 
attributed to the colloids present in food. 
Patterson and Culbert (J.S.C.I. 1935, 54, 327T) 
have described another type of inhibitor, 
represented by the restraining effect of poly- 
hydric alcohols on the corrosion of iron in 
potassium sulphate solutions. Adsorption of 
the organic substance on the corrosion product 
was believed to be responsible for subsequent 
retardation, which was found to depend upon 
the number of hydroxyl groups per molecule of 
inhibitor. 

Hard waters are in general less corrosive than 
soft waters because of their ability to deposit 
surface films that are protective in character. 
Provided carbon dioxide is not present in 
excess, incipient corrosion will often favour the 
precipitation of films by reason of cathodically 
produced alkali. In one successful method of 
water treatment for pipe-lines, just sufficient 
alkali is added to give a protective layer over 
the interior of the pipe. Very soft waters are 
sometimes treated with limestone in order 
to introduce film-forming constituents. The 
principles underlying the artificial treatment of 
natural waters for the controlled precipitation 
of suitable protective coatings have been 
developed mainly by Tillmans in Germany 
(e.g. Gesund. Ing. 1912, 35, 669 ; Gas u. Wasser- 
fach. 1931, 74, 1097 seq.) and by Baylis in 
America (e.g. J. Amer. Waterworks Assoc. 1935, 
27, 220). In each case the primary object was 
the protection of the inner surfaces of supply 
pipes and the conditions sought were such as 
would produce a layer of calcium carbonate, or a 
mixture of calcium carbonate with rust. Till- 
mans’ work was based mainly on the conception 
of the aggressive action toward calcium carbon- 
ate of waters containing more than a certain 
amount of free carbon dioxide ; i.e. part of this 
carbon dioxide is required to keep bicarbonate in 
solution, hence it is only excess above this 
amount that enables water to attack calcium 
carbonate, so preventing the formation of a 
protective layer on the iron. The excess was 
called by Tillmans “ aggressive carbon dioxide," 
a term which, it should be observed, refers only 
to aggressiveness towards deposits of calcium 
carbonate and not ton ards metal, although that 
may follow indirectly. (The direct action on 
iron, at ordinary temperatures, of such concen- 
trations of carbon dioxide that are likely to be 
present in natural waters is very much smaller 
than was previously supposed and is probably 
negligible in most instances, although it may 
become significant at higher temperatures as in 
closed heating systems.) Aggressive carbon 
dioxide may be removed by contact with marble 
or limestone. Baylis ( l.c .) has described examples 
of the successful application of these principles 
and has given curves connecting the determined 
Pit of the water with equilibrium values for 
alkalinity in terms of ‘calcium carbonate. If 
for any given water the determined p B falls 
above this curve, calcium carbonate will tend 


to precipitate out from the water and form a 
coating, whilst if below the curve the water is 
“ aggressive ’’ and tends to dissolve calcium 
carbonate. Baylis emphasises that the curve is 
modified by other constituents, magnesium 
carbonate, etc., and it is necessary to determine 
the calcium carbonate equilibrium point for 
each particular water by direct experiment. 
Lime is usually used to treat the water but soda 
can be used if it is desired to avoid an increase in 
hardness. 

Problems connected with “ external factors ” 
under soil conditions are discussed in the 
general article (p. 384). 

In power plants and in many industrial 
operations it is often necessary to use water from 
which scale-forming constituents have been 
removed in a softening process. Generally the 
need is dictated by objections arising from 
accumulations of deposits ; in boilers, however, 
the presence of magnesium salts is deleterious 
from the corrosion point of view and their 
removal therefore becomes important. For 
reasons already considered, however, the 
softened water should be rendered slightly 
alkaline ; small amounts of certain other 
materials are also commonly added for the 
purpose of producing protective films. Care 
is needed in using waters that have been softened 
by base-exchange processes because of their 
higher content of dissolved sodium salts ; 
contact of dissimilar metals, e.g. steel with copper 
or brass, should be especially avoided. A 
method of ameliorating the corrosivity of such 
waters is to by-pass a certain amount of the 
raw water so that the treated water may have 
the necessary minimum degrees of hardness. 

Corrosion in refrigerating systems, which 
affords good examples of protection by control 
of external factors, has formed the subject of a 
general discussion (Proc. Brit. Assoc. Refrigera- 
tion, 1936-7, 33, 35). Corrosion may affect 
either the ammonia (refrigerant) circuit or the 
calcium chloride (brine! circuit, but appreciably 
so only in the presence of water in the refrigerant 
or of oxygen in the brine. A third possible con- 
tingency is the leakage of refrigerant to the 
brine ; this must be especially avoided because of 
the formation of ammonium chloride, by which 
the hydrogen evolution (as distinct from oxygen- 
absorption) type of attack is actively promoted. 

Electrochemical Methods of Control .- — Corrosion 
in aqueous solutions and natural waters being an 
electrochemical process (attack on th'e metal 
proceeding from anodic points or areas) “ electro- 
chemical ” or “ electrolytic ” methods aim at 
countering the natural process by rendering the 
whole metal surface cathodic, for which purpose 
an external electromotive force is employed. 
The principle is attractive and its application 
can be readily demonstrated by small scale 
experiments. Difficulties arise, however, on 
the large scale owing to the impossibility of 
distributing the current uniformly over the whole 
of a large area. For example, in condenser 
systems (in which electrolytic methods, at one 
time, extensively tried, have been largely dis- 
continued) anodes were inserted in the water 
boxes, at the ends of the tubes, which themselves 
constituted the cathodes j in practice, however, 
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no more than the first few inches of the tubes 
could hope to receive protection (Bengough and 
May, J. Inst. Metals, 1921, 32. 2451. Neverthe- 
less, for the protection of pipe-lines in soil, where 
the function of an electrolytic method is to 
supplement the protection afforded by the usual 
protective coating, successful application has 
been claimed. Examples are quoted by K. H. 
Logan (I.e. “ Science of Petroleum,” 1938). 

A method similar in principle to that of an 
externally- applied E M.F. is the use of protector 
blocks, as, for example, the zinc slabs attached to 
bronze propellor blades and to the adjacent steel 
hull for the purpose of deflecting electro- 
chemical attack from the steel structure to the 
readily-replaceable zinc. The method is limited 
by the (normally) very short distance to which 
the cathodic protection can extend, to meet 
which obj'ection a 6enes of such slabs are 
usually fitted. Much greater effective distances 
for the protection of duralumin by zinc were 
found by Akimov (Korrosion u. Metallsch 1930, 
6, 84) and zinc plates are in fact used for the 
1 protection of the duralumin portions of wing-tip 
' floats of aircraft (W. H. Hatfield, J. Roy. Aeron 
Soc. 1835, 89, 564). In closed systems zinc 
may operate by using up available oxygen, 
for example, Bannister and Kerr (Trans. 
Liverpool Eng Soc. 1933, 54, 15) reported 
equally good protection from zinc blocks 
attached to steel boiler plates when electrical 
contact was prevented, showing that in this case 
protection was chemical rather than electro- 
chemical 

(2) Corrosion Resistant Alloys. 

It was formerly considered that increase in the 
corrosion resistance of a metal could be effected 
only by more complete purification or by 
additions such as would render it more “ noble ” 
ot intrinsically more resistant. Much more 
commonly in modern practice the result is 
achieved by additions that are themselves 
intrinsically more reactive, the rapidly formed 
initial film imposing increased resistance to 
subsequent attacJ . Much depends on environ- 
ment, and an alloy that will develop a highly 
resistant film under one set of conditions may 
fail to do so when the conditions are charged, a 
fact that must be borne in mind in the selection 
of materials for various purposes. 

Iron-rich Alloys ( Stainless Steels, elc ) — 
Industrial non-rusting steels fall into two mam 
groups: (1) Chromium steels, represented 
typically by ordinary “ stainless steel ” con- 
taining 13-14% chromium; these are capable 
of being hardened by quenching from a suitable 
temperature. (2) Austenitic nickel-chromium 
steels containing typically 18% chromium, 8% 
nickel; these alloy* cannot be hardened by 
quenching. A third type, more recently 
introduced, contains 10-20% chromium and 
about 2% nickel. As this is non-austenitic it 
resembles the first group in its ability to harden, 
whilst in corrosion-resisting properties it is 
intermediate between groups (1) and (2). The 
typical alloy of the first group is similar in 
chromium content to Brearley’s original material 
(1913), but carbon now ranges from 0 1% (the 


so-called “ stainless irons ”) to about 0 3% m 
in stainless cutlery, and methods of he&t- 
treatment have been improved. There is con- 
eiderable evidence that the stainless properties 
conferred by chromium are due to the presence 
of a tenacious oxide film, rich in chromium, that 
is self-healing, provided that environments! 
conditions are sufficiently oxidising, and pro- 
vided also that the surface is smooth — preferably 
“ bright polished.” Ordinary stainless steel u 
highly resistant to tap-water, fruit juices, and all 
oxidising acids (contact with strong nitnc acid 
actually strengthens the passive film and 
improves subsequent resistance), but is readily 
attacked by non-oxidismg acids (eg. hydro- 
chloric and sulphuric), by which the passive film 
is destroyed. Particles of chlorides as in marine 
atmospheres and of soot in industrial atmo- 
spheres are inimical, and the surface should 
therefore be wiped frequently under such 
conditions In sea-water its resistance is only 
moderate and it is liable to anodic attack 
when in contact with non-ferrous materials. 

The presence of nickel in the " 18-8 " 
austenitic alloy, coupled with the fact that the 
added elements are in solid solution, gives a 
greater range of stability to the invisible passive 
film, and m particular a greatly improved 
resistance to Bea-water with freedom from 
electrolytic corrosion in contact with ordinary 
steels and non ferrous materials. The alloy 
has also an improved resistance to sulphunc 
acid and, although to a much less extent, 
hydrochloric acid ; further resistance is obtained 
by the addition of molybdenum (typically 
2 5%) and certain other elements. Auatenitio 
stainless steels are especially resistant to oxida- 
tion at high temperatures, but if they are main- 
tained for any length of time at temperatures 
between 600° and 900° (as in welding) they are 
liable subsequently to an intercrystalhne type of 
corrosion (" weld decay ") due to the partial 
rejection of chromium carbide to the grain 
boundaries. The condition can be removed by 
appropriate heat-treatment or, alternatively, 
may be prevented by the addition of Bffl&U 
amounts of certain elements (eg. titanium) 
which have the effect of retaining carbides 
, in solution; niobium (about 10 times carbon 
content) being less easily oxidised than 
titanium) is recommended for steels that have to 
withstand the most drastic welding treatment. 
Heat resisting steels have been surveyed, with 
extensive bibliography, by W. H. Hatfield, 
J. Inst Fuel 1938, 11, 245. 

For large-scale structural work, for which 
stainless steels would be too costly, copper 
steels, containing 0 25 to 0 5% Cu, are available 
The increased resistance to corrosion (wbmb 
has been identified with the formation of » 
copper-rich surface film) is more particularly 
observed in industrial atmospheres high in 
sulphur dioxide. Rusting is not prevented, but 
it is less destructive in character. Moreover, 
such steels provide an improved bond both for 
paint coatings and for galvanising. Chromium* 
copper mild ateels, containing approximately 
1% chromium, 0 5% copper, are stated to ahow 
improved corrosion -res is ting properties over 
ordinary copper ateels (see p. 374). 
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High silicon cast irons containing from 13 to 
16% silicon (“ duriron,” “ tantiron,” etc.) are 
much used in chemical engineering for acid 
pumps, etc. Their resistance to sulphuric and 
nitric acids is very high. A similar alloy 
(“ durichlor ”) containing the same amount of 
silicon with 3-6% molybdenum is stated to be 
especially resistant to hydrochloric acid, its 
relative immunity being very probably due to 
the formation of an insoluble coating of molyb- 
denum chloride. (For handling hydrochloric 
acid in chemical engineering practice it is, 
however, generally advisable not to depend upon 
resistant alloys but to use where possible either 
glass-lined or rubber-lined equipment.) Austeni- 
tic cast irons, containing typically 14% nickel, 
6% copper, 2% chromium, have, besides greatly 
improved mechanical properties, a high resist- 
ance to many kinds of chemical attack, com- 
parable with and sometimes superior to that of 
phosphor bronze (J. G. Pearce, Proc. Chem. 
Eng. Gp., S.C.I. 1934, 16, 91 ; A. B. Everest, 
ibid. 1937, 19, 69). They have also high 
resistance to oxidation by heat, with freedom 
from “ growth,” to which ordinary cast irons are 
liable after repeated reheatings. 

Nickel-rich Alloys. — The high resistance 
exhibited by nickel towards many industrial 
liquids, particularly alkalis, is shared markedly 
by its principal alloys. Of these, monel metal 
(a “ natural ” alloy of nickel and copper smelted 
direct from the mixed ore) is the most typical 
and most widely used. It contains approxi- 
mately 68% nickel, 28% copper, 2% iron, 
remainder manganese, silicon, etc. Similar 
alloys are prepared synthetically. They are 
characterised by generally good resistance to 
non-oxidising acids, e.g. monel metal is widely 
used for pickling equipment using hot dilute 
sulphuric acid. It is also very suitable for 
superheated steam fittings, pumps, etc. Monel 
metal has only a fair resistance to hydrochloric 
acid (although better than either nickel or 
copper alone) ; greater resistance is obtained by 
the substitution of molybdenum for copper, and 
this is the basis of certain proprietary alloys 
recommended for use with hydrochloric acid. 
All the “ non-oxidising acids ” have their corro- 
sivity greatly increased by aeration. This is 
shown by the following figures, due to Thompson 
and McKay (Ind. Eng. Chem. 1923, 15, 1114) 
(for specimens moving at 15 ft. per min. 
immersed in dilute sulphuric acid at 82°C.) : 

Corrosion Rate. 

Mg. per sq. dm. per day. 

Air-free (washed 

with methane). Air-saturated. 
Copper . 43 1,070 

Monel metal 64 700 

The advantage of an “ air-healing ” film as in 
18/8 chromium-nickel steel is shown by the 
further data (Searle and Worthington) quoted 
by Moore and Liddiard (Chem. and Ind. 1935, 
54, 787). 

Loss ofwgt., mg. sq. dm. 
per day, in 3% sulphuric acid : 

Oxygen- With oxygen 
free. bubbled through. 

Monel metal . 17 630 

18/8 CrNi steel 442 4 
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Alloys of nickel with chromium (see also in 
General article under High-temperature Oxida- 
tion) are used in dairy and other food industries 
and in chemical engineering, where high corro- 
sion-resistance is required. “ Inconel ” contains 
approximately 80% nickel, 14% chromium, 6% 
iron. Nickel-rich (chromium-free) alloys are not 
good for oxidising acids (e.g. nitric acid) ; they 
have, however, extremely high resistance 
(not appreciably reduced by aeration) towards 
alkaline solutions, caustic soda and caustic 
potash. Aqueous amihonia is resisted if dilute, 
but stronger solutions are aggressive, particularly 
towards nickel-copper alloys. (For such con- 
ditions ordinary iron or steel, which is com- 
pletely passivated by ammonia, may be used). 
Nickel alloy s have a very high resistance towards 
sea-water (.see “ copper-rich alloys ”). They 
are sensitive to attack by sulphurous acid 
solutions and by humid atmospheres containing 
traces of sulphur dioxide. 

Copper-Bich Alloys. — Copper-rich alloys fall 
into two main groups, (1) copper-zinc alloys or 
brasses, (2) alloys of copper with other metals — 
principally with tin (the true bronzes), with 
aluminium (aluminium bronze), and with 
nickel (cupro-nickel). Of these the corrosion- 
resistance of the first group is generally less than 
that of copper, whilst members of the second 
group are in this respect at least equal to and 
frequently superior to copper. W hils t the 
brasses, therefore, are generally selected 
primarily for economic or mechanical con- 
siderations, additions being made where neces- 
sary for increasing resistance to corrosion, the 
resistance of the other alloys is frequently of 
major importance and, together with their 
superior mechanical properties, dictate their 
application in cliomical engineering. 

Brass is used extensively as tubes, etc., e.g. 
in evaporators and in condensers. Under 
certain conditions, particularly where insoluble 
corrosion product can accumulate in contact 
with the metal, as, for example, in marine con- 
denser tubes, so-called “ dezincifi cation ” may 
occur. The net result is a removal of zinc and 
enrichment of copper, but the process has been 
shown to consist in attack on the alloy as a 
whole followed by redeposilion of copper, with 
consequent weakening of the material. De- 
zincification is more prone to occur in 60/40 
brass which contains crystals of a and /J solid 
solutions (the /? zinc-rich constituent undergoing 
preferential attack) than in 70/30 brass which 
consists entirely of the a phase. The addition 
of 1% tin as in the Admiralty (70-29-1) alloy 
confers rather greater resistance, whilst com- 
plete immunity from dezincification is obtained 
under many conditions by the addition of 0-01% 
arsenic. Another type of rapid attack caused 
by the impingement of an aerated Btream of 
water (“ impingement attack ”) has been over- 
come by the addition of 2% of aluminium, and 
this material (containing 76% copper, 22% 
zinc) is now widely used for condenser tubes; 
with the further addition of 0-02% arsenic for 
the suppression of dezincification, it has largely 
superseded Admiralty brass for condenser tubes. 
(For further information on marine condenser 
tubes, see references on pp. 381, 382.) 
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Tie copper-tin alloys find extensive applies- are “ Mg7 " and " Hydronahum " (appro xj. 
tion for pumps, valves, etc. and, with tie xn&tely 7% magnesium). The addition of snail 
addition of a little zinc (e p. Admiralty gun- amounts of antimony as in the German “ K.S. 
metal, 88 copper, 10 tm, 2 zinc), for various Seewasser ” alloy is claimed actually to increase 
marine and other fittings. Phosphor bronze is a (by formation or antimony oxychloride) tie 
copper-tin alloy to which a small amount of resistance of the natural film to sea-water. In 
phosphorus, up to 0 5%, has been added as a alloys of the duralumin type the presence of 
deoxidiser. They have good general corrosion copper confers valuable age-hardenmg pro- 
resisting propeitiea. The aluminium bronzes perties, but such alloys, if the necessary heat- 
(copper with 5 to 10% Al), owing to the treatment has been imperfectly conducted, are 
formation of a surface film of aluminium liable to undergo intercrystalhne corrosion, 
oxide, are useful in many conditions, as, for particularly in marine atmospheres. Aluminium 
example, in contact with hot and cold sulphuric and its alloys are used over a wide range of 
acid in moderate strengths; the alumina film conditions, structural, architectural, industrial, 
also enables them to resist oxidation at high and domestic. For cooking utensils they have 
temperatures. The copper-rich nickel alloys the advantage of complete non-toxity. Owing 
strongly resemble the corresponding mckel-nch to the solubility of aluminium in alkalies, atkahna 
alloy 8 in resistance to sea-water corrosion, conditions should in general bo avoided; for 
particularly impingement attack ( supra ), and the cleaning of aluminium utensils ordinary soda 
cupro-nickel tubes, approximately 70% copper, should be replaced by preparations containing 
30% nickel, are also widely used in marine sodium silicate which is much less harmful, 
condensers. The greater lightness and favourable strength- 

All the copper-nch alloys ate vulnerable to weight ratios of magnesium- base alloys (eg. 
mtno acid. Their response to non-oxidising “ elektron ” types ranging from 90 to 98% 
i acids depends in general upon whether or not the magnesium, with additions mainly of aluminium, 
1 solution is aerated In the absence of sir, manganese, and zinc) have encouraged their use 
high resistance is shown, but severe attack may within recent years. The readiness, however, 
occur if air is admitted (ej behaviour of copper, with which magnesium oxidises superficially is 
Thompson and McKay, supra). Resistance to not offset, as with aluminium, by the resistance 
caustic alkali solutions is good, but not so good of the oxide film towards marine atmospheres ; 
as that of the mckel-nch alloys. The copper moreover, attempts to produce a protective type 
rich alloys resemble copper in susceptibility to of oxide film by anodic processes, as for alutnm- 
attack by aqueous ammonia and their use mm, have so far proved unsuccessful. Other 
should therefore be avoided in the presence protective coatings are available (ree '* Protec- 
of this reagent. The use of copper alloys in tion by Coatings," »n/ra) that will resist severe 
chemical engineering baa been surveyed by salt-spray conditions, but at present there u 
S. Baker (Proc. Chein. Eng. Gp. S.C.I, 1937, considerable reluctance to displace the usual 
19, 41). aluminium alloys for aircraft, although in other 

Aluminum and Magnesium Alloys —Whilst directions the use of magnesium alloys appears 
the use of aluminium and magnesium alloys is to be extending. Magnesium and magnesium- 
most commonly dictated by considerations of base alloys have extraordinary resistance to 
lightness and “ strength-weight ratio," their hydrofluoric acid (through formation ‘of an 
resistance to corrosion may assume great insoluble film of magnesium fluonde) and also 
importance, as, for example, in aircraft exposed (in contrast with aluminium) to alkalis and 
to sea spray. Aluminium differs from the alkaline solutions. Other data are given by 
metals previously discussed in that its highest L. Whitby (hid. Chem. 1931, 10, 203). Alloys 
corrosion resistance is characteristically ex- of the light metals have been surveyed by C. H 
hibited in the unalloyed state ; this is because Deach (Froc. Chem. Eng. Group, S C.1. 1937, 19, 
of the continuity of the thin covering film of 79). 

oxide to which the metal owes its normally good Lead Alloys. — The corrosion resistance of 
corrosion resistance, notwithstanding its intnn- lead, which under many conditions is the main 
sically reactive character. Recent develop- criterion determining its use, is associated, in 
ments in the industrial electrolytic refinement of contradistinction to aluminium, with a relatively 
aluminium have led to a product of highest low “ intrinsic ” reactivity ; like aluminium, 
purity (exceeding 99 99%) from which extra however, the freshly-cleaned metal becomes 
ordinarily high resistance to chemical attack by rapidly covered with a film of oxide which ta* 
acids and by sea-water has been reported (R. marked protective properties (Vernon, Trans 
Gadeau. Chem. etlnd. 1035, 24, 1021). Certain Faraday Eoc. 1927, 23, 156). In contact with 
of the aluminium alloys having maximum sulphuric acid this film is converted to relatively 
strength, duralumin, etc. (ere previous volume insoluble lead sulphate which protect* the under- 
under “ Aluminium ”) contain such alloying lying metal from further attack, hence the great 
elements as copper and zinc which reduce the value of lead in the sulphuric acid industry- 
efficiency of the natural protective film ; such For this purpose high purity is essentia), sicca 
alloys are best treated by the anodic oxidation most additions would impair the continuity of 
process or by a “ metal -cladding process " (sre the film ; a recent B 8 I. specification for 
under “ Protection by Coatings,” tnfra). Mag- “ Typo A chemical lead ” requires »ot more 
nesiutn and silicon, however, have a much less than 0 01% total impurity. The addition, 
injunona effect on the natural film and certain however, of 0-05% tellurium (advantageous for 
alloys containing these elements are much used mechanical reasons) is stated to increase greatly 
for atmospheric and sea-air conditions ; examples the resistance of lead, and also of lead antimony 
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alloys, to sulphuric acid (Singleton and Jones, 
J. Inst. Metals, 1933, 51, 71). Type B “ hard 
lead ” alloys contain usually from 10 to 15% 
antimony ; they are much used in chemical 
plant, particularly for acid pumps. Alloyed 
with 10 to 25% tin, lead is used as a covering 
for iron (“ teme plate ”) for roofing purposes 
(see p. 374). For cable sheathing, water-pipes, 
etc., lead is usually strengthened by certain 
additions, e.g. small amounts of antimony or tin, 
or traces of calcium ; high-strength ternary 
alloys, containing cadmium (0-25%) with 
either tin (1-5%) or antimony (0-5%), and 
characterised by freedom from intercrystalline 
failure to which pure lead is liable under con- 
ditions of vibration, have been developed in this 
country (S. J. Nightingale, Dev. Rept. D.3, 
Brit. Non-ferrous Met. Res. Assoe. 1931). 
None of these additions, however, appears to 
affect appreciably the corrosion-resistance under 
soiLconditionB (see “ Corrosion by Soils,” p. 384) 
A similar conclusion probably holds good for 
most water conditions also ; see, for example, 
Nightingale, ibid. ; F. Mayer, “ Wiener Hoch- 
quellwasser und Bleirohre,” Berlin, 1934. 
Nevertheless, the susceptibility of lead to 
corrosion in soils containing decaying organic 
matter, and the “ plumbo-solvency ” of lead in 
certain natural waters must be home in mind. 
The behaviour of lead and lead-base alloys 
towards natural waters has been surveyed, with 
extensive bibliography, by H. Ingleson (D.S.I.R. 
Water Poll. Res. Tech. Paper No. 4, London, 
H.M.S.O., 1934). Reference has already been 
made (p. 374) to the need for avoiding contact 
with oak ; it is also desirablo to insulate lead 
(e.g. by bitumen-impregnated felt) from contact 
with cement, which, in presence of moisture, 
may cause serious corrosion (D.S.I.R. Building 
Res. Bull. No. 6 (3rd ed.), London, H.M.S.O., 
1935). 

Tin Alloys. — For economic and other reasons 
tin is most widely used in the form of coatings 
on iron and copper, tinplate as used in the can- 
ning industry being the outstanding representa- 
tive ; familiar exceptions are tinfoil for the 
wrapping of foodstuffs, block tin for condensers 
(distilled water) and for the handling of 
beer, sheet tin for collapsible tubes (dental 
pastes, etc.). The principle tin-rich alloys are 
Britannia metal and pewter ; formerly Britannia 
metal contained from 5 to 8% antimony, and 
pewter from 8 to 15% lead. Modem pewter, 
however, contains typically 5% antimony, 1 to 
3% copper, and no lead. From the corrosion- 
resisting stand-point T. P. Hoar (J. Inst. Metals, 
1934, 55, 135) has shown that the presence of 5% 
antimony is desirable, but suggests that the 
further addition of 1 to 3% copper is dele- 
terious. 

Silver Alloys. — The application of silver and 
silver-rich alloys in chemical engineering is 
naturally limited by economic considerations, 
but a number of practical uses, particularly for 
resistance to attack by alkalis, both fused and 
in solution, has been described by D. McDonald 
(Proc. Chem. Eng. Group, S.C.I. 1931, 13, 50). 
“Sterling silver” (92-5%, silver, 7-5% copper) 
widely used for silver plate and ornamental work, 
is prone to discolour by tarnishing through the 
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action of traces of sulphur compounds in the 
atmosphere. Reflectivity measurements (Ver- 
non, Trans. Faraday Soc. 1924, 19, 882) showed 
a reduced amount of tarnishing on sterling silver 
containing 1-75% cadmium, provided that the 
surface was brightly polished. H. A. Sloman 
(J. Inst. Metals, 1934, 54, 161) found that the 
addition of as little as 0-5% beryllium to silver- 
copper alloys approximating in composition 
by sterling silver conferred a marked degree of 
immunity to tarnishing under quite drastic 
conditions, owing to the formation of a protec- 
tive self-healing film of beryllia. 

Zinc Alloys. — Although alloys in which zinc 
is the main constituent have little apph'cation as 
corrosion-resisting alloys there are cases in which 
corrosion becomes an important factor in deter- 
mining their use. An example is that of the 
zinc-base die-casting alloys (approximately 
4% aluminium) which, unless special attention 
is given to the purity of the materials, are subject 
to a form of intercrystalline corrosion, par- 
ticularly under warm, humid conditions. The 
action is accompanied by a dimensional change 
or “ growth ” (for discussion, see Russell, Good- 
rich, and Cross, J. Inst. Metals, 1928, 40, 239) ; 
this growth is probably caused by oxidation of 
zinc at the grain boundaries, hence the high 
oxide/metal volume ratio of zinc (p. 369) would 
be expected to contribute to mechanical failure. 
Minute traces of impurity (particularly lead) 
are primarily responsible and no trouble what- 
ever is experienced when zinc of the highest 
purity (exceeding 99-99%) is employed. For 
zinc used aB a protective covering to iron under 
urban atmospheric conditions the presence of 
lead is advantageous (W. S. Patterson, J.S.C.I. 
1927, 46, 392) no doubt owing to the accumula- 
tion of relatively insoluble lead sulphate in the 
product. 

References (Books dealing with Corrosion- 
resistant Alloys) : J. H. G. Monypenny, 

“ Stainless Iron and Steel,” 2nd ed., 1931, 
Chapman and Hall, London ; McKay and 
Worthington, “ Corrosion Resistance of Metals 
and Alloys,” 1936, Reinhold Publishing Cor- 
poration, New York. See also works recom- 
mended under Corrosion, General (p. 368). 
Moore and Liddiard, “ Corrosion-resisting Non- 
ferrous Alloys,” J.S.C.I. 1935, 54, 786. 

(3) Protection by Coatings. 

Protective coatings may be classified according 
as they have or have not a chemical bond with 
the underlying metal. The former include 
both “ natural ” and artificially’ stimulated 
coatings of oxide and certain corrosion products. 
The latter comprise chiefly (a) paints, varnishes, 
and such-like, (6) metal coatings. 

Natural Protective Coatings. — A number 
of commonly used metals have appreciable 
resistance to corrosion by virtue of a film of 
oxide with which they are normally covered. 
Aluminium, for example, has a heat of oxidation 
among the highest of the common metals and 
y T et is comparatively stable under many con- 
ditions. The formation of invisible oxide films 
on iron and copper has already been discussed ; 
the “ stainlessness ” of stainless steel is due to 
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the presence of a tenacious oxide film that is self- 
healing under slightly oxidising conditions. 
Such invisible protective films may not in- 
appropriately be called “ natural varnishes ’* 
A feature common to them all is that the pro- 
tection breaks down, sometimes spectacularly, 
if the external conditions alter in such a way that 
the oxide film cannot be maintained. 

A good example of a “ natural paint ” is 
provided by the green patina on copper. This 
is a genuine corrosion product and is character- 
istic of attack by air charged either with salt 
spray at the seaboard or with traces of com- 
bustion products inland, the essential consti- 
tuent being basic copper chloride or basic 
copper sulphate, the latter, however, being 
much the more widely distributed (see under 
General article). The protective character 
of tho patina is probably due largely to the 
continuity and insolubility of these basic com 
pounds, although there is some evidence that a 
thin film of cuprous oxide, which is invariably 
found beneath the green deposit in immediate 
contact with the metal, plays an important part 
. Unfortunately, it is the exception for a natural 
- corrosion product to bebavo in this way , 
) frequently its presence encourages further 
/attack on the underlying metal. 

Artificial Coatings Reinforcing or Simu- 
lating Naturat Protective Coatings. — 
Protective coatings of oxide may be produced by 
thermal, chemical, or electrochemical treatment. 
An old -estabb shed example of the thermal 
method is that of the Bower- Barff process for 
iron and steel, with its various modifications 
(Gesner, Bontempi, etc.) the essential part of 
which consists of heating the metal with super- 
heated steam. Copper and copper neb alloys 
may be protected against tarnishing by thin 
films of oxide produced by low-temperature 
beating in air (V*mon, J.C.S. 1926, 2273); 
these may either retain essentially tho original 
appearance of the metal or, according to 
temperature and time of heating, give pleasing 
interference colours that are highly permanent 
as distinct from films of sulphide of similar initial 
appearance. Immersion in an oxidising liquid 
is sometimes employed, as, for example, the 
" chromate ” dip for magnesium and the 
M.B.V. (Modified Bauer-Vogel) process for 
aluminium ; but such coatings have the dis- 
advantage that they are neceaaatdy very thus. 

The industrial importance of aluminium and 
its alloys led to various attempts to increase the 
thickness of the natural oxide film by electro- 
chemical means. The first process for the 
anodic oxidation of aluminium was patented m 
1924 by Bengough and Stuart, under the 
Department of Scientific and Industrial 
Research. In this process the metal is made the 
anode in a 3% solution of chromic acid at about 
■tO'C., using a neutral cathode, usually of stain- 
less steel ; it is largely nsed for the protection 
of duralumin in aeronautical work (Sutton and 
Sidery, J. Inst. Metals, 1927, 28, 21). Recent 
developments have been described by It. W. 
Buzzard (J. Res. Nat. Bur. Stand. 1937, 18, 251). 
The process can bo applied to other aluminium 
alloys containing not more than 4% copper, and 
the alumina coating (which contains incorporated 
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chromium oxide) has good resistance to wear u 
well as corrosion. It also has the property of 
acting aa a mordant for dyes, and articles bo 
treated may receive coloured finishes by immer 
sion in suitable dye solutions ; alternatively the 
protection may be reinforced by Janobne or 
varnish, for which the coating provides an 
efficient bond. An advantage of the anodio as 
compared with cathodic methods of protection, 
is that whereas large and inaccessible areas can 
readily be made anodic, there is great difficulty, 
aa already pointed out (p. 387), in rendering a 
large area effectively cathodic. More recently 
other anodic processes have been introduced 
with the more particular object of increasing 
the intensity of the colours for decorative 
purposes, but this object is achieved at the 
expense of somewhat reduced efficiency on 
account of the increased porosity of the coating. 
These processes depend on the use of two main 
alternative electrolytes, solutions of sulphuric 
and oxalic acids respectively (" Alumihte" and 
Eloxyl processes). Duplex baths containing 
chromic acid are also used ; other patented pro- 
cesses employ small amounts of inorganic salts 
for the production of coloured or black coatings 
The treatment is followed by application of 
“ sealing compounds ” for the purpose of 
fixing the colour and increasing resistance to 
corrosion. 

Corrosion products other than oxide films are 
not often sufficiently protective to warrant their 
stimulation by artificial methods. The green 
patina on copper is exceptional, and here the 
desire for the rapid production of the patina 
arises also from its Esthetic value and tho 
long period of some 10 or 20 years normally 
required for its development. An interesting 
artificial method (Vernon, J. Inst. Metals, 1932, 
49, 163; see also Freeman and Kirby, Metats 
and Alloys, 1932, 3, 190) is that in whioh the 
specimen is made the anode in an electrolytio 
bath kept at 95 e C. and containing magnesium 
sulphate and hydroxide, with potassium brom- 
ate as oxidising agent. In as short a time aa 
15 minutes (or even sooner with appropriately 
high current density) a green patina is produced, 
which, however, at first consists of a baaio 
sulphate, CuSO.-Cu(OH)j, analogous with 
malachite. On subsequent exposure, the colour 
is maintained, whilst the basicity increases m a 
eimilar manner to that of the natural patina 
(supra). A further method (Vernon and 
Stroud, B.P., 1038, under Department of 
Scientific and Industrial Research), consisting of 
spraying the surface with thionyj chloride or 
other chlorine derivative of sulphuric acid, has 
the advantage that it can be applied in t° * 
surface already blackened by exposure. 

More commonly, nature is imitated in the 
spirit rather than the letter hy the development 
of a reaction product which, whilst protecting 
the underlying metal, finds no counterpart w 
any natural process. Such, for example, is the 
case with the various phosphate coalings on iron 
and steel. These originated in 1903 in tho pro- 
cess of Coslett (Birmingham), whereby the 
articles were treated in a hot solution of 
phosphoric acid to which iron filings were added 
“ Parkensing,” employing a solution of if° n 
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and manganese phosphates, gives a protective 
and decorative (blackish) coating having many 
practical applications, “ Bonderising ” (much 
used in the automobile industry) is similar, but 
the bath contains substances that greatly speed 
up the reaction and the coating is used mainly 
for increasing the adhesion and permanence 
of a subsequently applied paint or varnish. 

The protection of magnesium and magnesium 
alloys, of importance in aeronautical con- 
struction, is limited almost entirely to chemical 
methods, with or without the subsequent appli- 
cation of paint. The “ 1.6. chromate dip ” 
employs a hot solution of sodium dichromate in 
nitric acid, producing a yellowish iridescent 
film, the protective value of which is limited. 
A development of this is the alum-dichromate 
process of Sutton and Le Brocq (J. Inst. Metals, 
1931, 46, 53 ; 1935, 57 , 199). The selenising 
process of Bengough and Whitby {ibid. 1932, 48, 
147 ; Trans. Inst. Chem. Eng. 1933, 11, 176 ; 

D. S.I.R. Rep. Chem. Res. Board, 1934-7, 
London, H.M.S.O., 1938) involves immersion of 
the metal for a few minutes in a solution of 
Belenious acid or acidified sodium selenite and 
produces a surface film of selenium which has 
considerable self-healing properties. Under test 
with sea-water spray the difference in behaviour 
between coated and blank specimens is spec- 
tacular, for the latter may disappear entirely 
whilst treated specimens remain comparatively 
unaffected. In both the alum-dichromate and 
the selenium processes (both of which are 
covered by British patents) the coating appears 
to find its most promising application as a base 
for paints. 

Reference (Natural and Artificial Films).— 

E. S. Hedges, “ Protective Films on Metals,” 
2nd ed., Chapman and Hall, London, 1937. 

Paint and Allied Coatings. — The preserva- 
tion of iron and steel by means of paint, for 
which, according to Jordan and Whitby {infra) 
some 40 million gallons of paint are used annually 
in Great Britain alone, involves many factors 
associated both with the paint and with the 
metal. A paint system is complex and its 
components — pigment, vehicle, thinner and 
drier — are interdependent in their contributions 
to the properties of the whole. It is usual, 
however, to classify protective paints according 
to the effect which the pigment may be expected 
to have per se on the corrosion of iron. Three 
types may be recognised, according as corrosion 
is likely to be (1) inhibited, (2) unaffected, 
(3) stimulated, by the pigment alone. 

Characteristic examples of inhibitory pigments 
are provided by chromates {e.g. basic lead 
chromate, zinc chromate) and in this case the 
mechanism almost certainly resembles that of 
similar inhibitors in immersed corrosion, tending 
to render the iron passive. They are most usefully 
employed as “ priming paints,” in immediate 
contact with the metal. By far the most widely 
used primer is red lead, but here the passivating 
effect is probably supplemented by the forma- 
tion, by reaction with the linseed oil, of lead 
compounds of high molecular weight which 
serve to cement the particles of pigment 
together. In practice, litharge normally present 
in commercial red lead is mainly responsible for 
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this reaction. “ Non-setting ” red lead, having 
the minimum content of litharge, has been 
deprecated for corrosion-protection, particularly 
of ships’ hulls. (A. McCance, Trans. Inst. Eng. 
Scotland, 1936, 333) ; on the other hand, J. C. 
Hudson states (Proc. Chem. Eng. Group, S.C.I. 
1937, 19, 32) that satisfactory results have 
been obtained from non-setting red lead in the 
Iron and Steel Institute Corrosion Committee’s 
tests. Probably the desideratum is a com- 
promise in which the optimum proportion of 
inhibitory and Betting capacity (depending on 
the type of work to be protected) shall be 
retained. For many purposes red lead may be 
safely diluted by the addition of varying pro- 
portions of inert “ extenders,” e.g. barytes, 
or asbestine. 

Priming paints usually need to be reinforced 
by a top coating either for the purpose of healing 
mechanical defects in the undercoat or by 
effecting a more efficient exclusion of the 
surrounding liquid or atmosphere. For this 
purpose pigments of either groups (2) or (3) 
may be used. Red iron oxide is used extensively 
and confers good durability. Intrinsically 
neutral in character it may function either as an 
inhibitor or stimulator according as it is 
associated with alkaline or acid impurities from 
its manufacture. Recent developments include 
the use of red iron oxide with red lead or zinc 
chromate (mixed pigment) to give a combined 
priming and finishing coat. White lead (basic 
lead carbonate) and zinc oxide have mild 
inhibitive properties, but are more appropriately 
included with pigments of the second class ; 
excellent as finishing coats for many purposes, 
they should not be used as primers where 
corrosion conditions are severe. The essentially 
chejnical and physical mechanisms underlying 
protection by red lead and red iron oxide have 
been shown by laboratory experiments (Lewis 
and Evans, J.S.C.I. 1934, 53, 29) and by field 
tests (Britton and Evans, J.S.C.I. 1932, 41, 215) ; 
they have also been demonstrated by an electro- 
chemical method (time-potential curves) by 
Bums and Haring (Trans. Electrochem. Soc. 
1936, 69, 169). 

Pigments of the third class include such 
substances as graphite and certain metallic {e.g. 
bronze) pigments, which, on account of their 
cathodic nature, cannot normally be employed 
in direct contact with the metal. Their value 
lies either in their good weathering properties 
or in their ability to exclude moisture, and' 
hence they are employed with advantage 
as finishing coats. In the case of graphite, 
exclusion of moisture is due largely to the 
“ flakey ” nature of the particles, the flakes lying 
on the surface with their long axes parallel to. the 
metal. This property is also possessed -by 
micaceous iron ore, a neutral pigment that is 
stated to be specially resistant to tropical con- 
ditions. Aluminium in the metallic condition 
might be expected to undergo “sacrificial 
corrosion ” in contact with iron, but in practice 
the particles are probably’ sufficiently oxidised 
to render them neutral in character ; they also 
have the advantage, to an even more marked 
extent than graphite, of a “ flaky ” or “ leafy ” 
nature. Metallic lead pigments are relatively 
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inert and are highly durable under most con- 
ditions. 

Of available media. linseed oil is by far the 
most widely used. Heat-treatment of the oil 
reduces the permeability of the paint film to 
water vapour and also its Lability under certain 
conditions to act as a depolansec for nascent 
hydrogeri and hence to facilitate corrosion. 
Moreover, the alkali reproduced at cathodes 
during corrosion in salt eolutions is more likely 
to produce " alkaline peeling ” of the paint film 
if raw, and hence more saponifiable oil ia em- 
ployed. Permeability to water vapour may be 
still further reduced by the addition of certain 
gums, waxes or resins. For special purposes, 
where high permeability to water is required, 
tung oil may be wholly or partially substituted 
for linseed oil. For most oil paints there is 
probably an optimum ratio between medium and 
pigment content (J. N. Friend, J. Oil Col. Chem. 
Assoc. 1D22, 5, 276), but if the pigment is in- 
hibit! ve (« g. red lead) rather than non-mhibitive 
(e g. red iron oxide) low er proportions are 
permissible without detriment to corrosion- 
protection (Britton and Evans, J S.C 1. 1932, 51, 
t 2I1T). Jordan and Whitby (.infra) recommend, 
' however, even with inhibitive primers, a pig 
ment concentration as high as is consistent with 
penetration of the paint into all crannies and 
irregularities. The proportion of “ thinner ” 
(if this is the usual turpentine or alternatively 
white spirit) is important from the corrosion 
protection stand-point probably only in so far 
as it controls the thickness of the resulting 
paint film. “ Prying "* of the linseed oil in a 
paint film is catalysed by the “ dner ” (certain 
compounds of lead, cobalt, or manganese) of 
which no more should be used than is necessary 
to ensure the drying of the paint within a 
reasonable time, depending on the conditions of 
exposure. A greater proportion of carefully 
selected driers is usually employed in pamts for 
under-water service (see under “ Corrosion of 
Metals — Corrosion of Ships’ Hulls," supra). 

The preparation of the metal surface previous 
to painting is of greatest importance. If the 
paint coating is to have maximum life, all mill- 
scale or rust should be removed. The danger of 
mill scale is its Lability to peel on exposure carry- 
ing with it en bloc the overlying paint. As, 
however, the scole ia itself intrinsically resistant, 
there is hope of progress in the production of a 
thin scale that will have no tendency to peel. 
The danger of rust Lea in ita hygroscopic end 
adsorptive character. If electrolytes are present 
on the surface beneath the paint film this may 
act as a membrane through which moisture may 
pass osmotically from outside, even though the 
paint may bo thoroughly dried before exposure 
(Bartel! and Van Loo, Ind. Eng. Chem. 1926, 
17, 1052). Removal of scale may be effected (1) 
naturally, by weathering, (2) mechanically, by 
sand blasting (wire-brushing ia more suitable for 
the removal of rust), (3) chemically, by pickling 
processes. Insufficient weathering often causes 
trouble, since the flaking of residual scale may 
continue after the paint is applied. Sand blast- 

1 For the dvemlstry ot the drvlaa process sod of 
paints generally articles on •‘Paint” should be con- 
lulted. 


ing has certain Lmitations, but has the obvious 
advantage of rapidity. J. C. Hudson (Vth Rep. 
Corr. Ctte. Iron and Steel Inst. 1933) states 
that pickbng, as compared with partial weather- 
ing and careful hand -clean ing, increased tbs 
Lfe of paint films by more than 150%. Picking 
is usually earned out in a hot dilute solution of 
either hydrochloric or sulphuric acid, preferably 
the latter, with the addition of an inhibitor for 
the purpose of confining the attack to the scale 
and protecting the metal itself. Adequate wash 
ing, preferably in water containing alkali, 
should follow pickling. The use of phosphoric 
acid, at suitable dilution and temperature, has 
been advocated on the grounds that it leaves a 
film of basic iron phosphate, which increases tho 
adhesion of paints, and washing may then bo 
dispensed with. Alternatively, scale may be 
removed by the cheaper sulphuric acid, and a 
smaller amount of phosphorio acid applied 
after an intermediate washing (H. B. Footner, 
Vth Rep. Coit. Ctte. ibid. 369). In any esse 
the surface should be thoroughly dry before 
painting is commenced. Moreover, adequate 
time should be allowed for any coat of paint 
to " dry ” or set before the succeeding coat is 
applied. The foregoing remarks have referred 
particularly to iron and steel surfaces. The 
painting of non ferrous metals may present 
special considerations, usually in the direction of 
providing a suitable chemical bond to ensure the 
adhesion of the paint ; certain available methods 
have been discussed above. Trouble is 
frequently experienced m the painting of 
galvanised surfaces (hot-dipped zmo coatings); 
this may be overcome either by a prehminary 
weathering of the sheets, or by a suitable 
etching treatment (Vth Rep. Core. Ctte, ibid. 
303) ; sec also “Hot-dipping Processes", p. 396, 

Grease Coatings and Slushing Compounds — - 
For the temporary protection of iron and steel 
articles, machine parts, etc., during fabrication 
or storage, coatings of grease are employed 
which may subsequently bo removed by an 
organic solvent. For this purpose lanobne J* 
especially efficaceous and is usually employed 
in the form of solution in white spirit or solvent 
naphtha, the evaporation of whtch leaves the 
grease film uniformly distributed. Alternatively 
the grease may be applied in tho form of »n 
etutUsion with an aqueous solution of sodium 
dichromate, or even with soap solution, such 
mixtures being generally known as “ slushing 
compounds.” 

References (Paint Coatings). — Jordan and 
Whitby, “ Tho Preaexvation of Iron and Steel 
by Means of Paint," 1936, Research Association 
of British Paint, Colour, and Varnish Manu- 
facturers, Sixteenth Bulletin; L. A Jordan, 
"The Preparation of Metal Surfaces for Paint- 
ing,” Chem. and Ind 1937, 66, 361. (For 
Protection of Ships’ Hulls, including Anti- 
Tonling Preparations, see CobrosiOS, GEKERrt* 
p. 382, 383). 

Lacquers and Varnishes . — For protection 
against tarnishing of polished surfaces, ep. of 
copper and silver and their alloys, transparent 
films of lacquer or varnish are employed. 
Formerly a natural resin (usually shellac) 
was the invariable component; in a “ lacquer 
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this was dissolved in a volatile solvent (fi.g. 
methylated spirit) the rapid evaporation of 
which yielded a film dry to the touch very 
quickly after application ; in a “ varnish ” the 
medium was a drying oil (incorporated by heat- 
treatment) the setting of which occupied a much 
longer time, the resulting film, however, being 
tougher and more elastic. Whilst this distinc- 
tion between a lacquer and a varnish is still 
roughly true, natural resins are now very 
largely supplemented by a wide range of so-called 
synthetic resins. (For detailed information, see 
“ Synthetic Resins and Allied Plastics,” by 
Barry, Britton, Langton, and Morrell, London, 
Oxford University Press, 1937. Also “ Modem 
Developments in Plastics,” by Sir Gilbert 
Morgan, Chemistry and Industry, 1937, 56, 103). 
These were at first of phenol formaldehyde type, 
available only in the form of the simple spirit 
solution (e.g. “ Novolak ”) but many types of 
oil-soluble resins are now employed in the 
manufacture of protective varnishes. Certain 
of the modified phenolic derivatives find use 
in protecting metal surfaces against industrial 
fumes. They are also used as stoving lacquers 
for the protection of tinplate against acid 
juices, their freedom from odour and taste 
rendering them particularly valuable for the 
purpose. A. F. Brockington (J. Electro- 
depositors’ Tech. Soc. 1937, 12, 133) states, 
however, that the modified alkyd types of phenol 
aldehyde resins are seldom used in the un- 
pigmented state on metals since they have an 
acid reaction and tend to tarnish copper and 
brass during stoving. Other oil varnishes 
employing synthetic resins ( e.g . those obtained 
from polystyrene and coumarone) have good 
alkali-resisting properties. 

“ Cellulose lacquers ” consist usually of a 
solution of celluloso nitrate in a mixture of 
solvents (amyl acetate, etc.), but in modem 
practice either natural or synthetic resin is 
usually incorporated for the purpose of improv- 
ing the adherence and gloss of the dried film. 
The mixture also includes, in common with 
other “ cold lacquers,” a certain proportion of 
higher alcohols, their function being to prevent 
too rapid volatilisation of the solvent with 
consequent “ blooming ” or “ blushing ” of the 
film; this term refers to a defect caused by 
precipitation of moisture when a lacquer is 
applied under humid conditions. Cellulose 
lacquers, commonly applied by spraying, are 
particularly suited for highly polished surfaces. 
Both cellulose and gum laoquers may be tinted 
with suitable dyes. The vamish-like nature of 
certain invisible oxide films (p. 392) may be 
recalled; it has been suggested (Vernon, Res. 
Rep. Brit. Non-ferrous Met. Res. Ass., Nov. 
1927, 9) that the production of such films by 
heat-treatment (e.g. on brass) might with 
advantage precede the application of lacquer, 
thus reinforcing the protective effect (partly by 
providing a better chemical “ bond ”) whilst 
retaining the natural colour of the original 
surface. The application of lacquers and 
varnishes to thicker (visible) films produced by 
chemical treatment is common practice; they 
may either supplement the protective effect of 
the primary coating (e.g. protection of aluminium 
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and magnesium alloys, p. 392) or they may 
serve to protect a decorative coating (as pro- 
duced in certain metal-colouring processes) 
which itself may have little protective value. 

The lacquering or varnishing of tinplate for 
food containers has for its object not so much the 
supplementing of the protection of iron by tin 
as the suppression of certain reactions between 
tin and fruit juices which may cause either 
blackening of the tin or discoloration of the juice. 
Indirectly, indeed, the lacquer coating, if 
imperfect, may lead to local attack on the tin, 
and by concentrating the attack at the weak 
places may bring about the perforation of the 
container. Walker and Lewis (J. Ind. Eng. 
Chem. 1909, 1, 754) suggested that in such 
cases a varnish film might, by acting as a 
hydrogen acceptor, facilitate the depolarisation 
of hydrogen even in the absence of oxygen and so 
accentuate the anodic attack on the adjacent 
bare places. Morris and Bryan (D.S.I.R. Food 
Investig. Reps. 1933, 145) conclude that the 
lacquer film in modem practice is inert although 
the tin coating beneath may play some part 
electrochemicafiy. They recommend ( ibid. 1 935, 
169) supplementing the usual pre-fabrication 
lacquering of the tinplate with a final lacquering 
of the can interior with a quick-stoving lacquer. 

Chlorinated rubber has within recent years 
received considerable attention as a protective 
coating (G. Schultze, Korr. u. Metallschutz, 
1936, 12, 249; J. P. Baxter, Chem. and Ind. 
1936, 55, 407). In the form in which it is 
typically applied — a solution in xylene or other 
solvent with incorporated plasticisers such as 
certain chlorinated hydrocarbons — it is analo- 
gous to a synthetic resin lacquer. Pigments 
may, however, be added, with or without a 
proportion of drying oil (e.g. tung oil) and hence 
certain mixtures resemble oil paints. The 
essential feature of the chlorinated rubber 
coating, besides its high elasticity, is its capacity 
of giving a high resistance to chemical attack, 
both acid and alkali; it appears to be well 
suited for under-water protection, particularly 
under tepid conditions, as in thermostats, etc. 

Bituminous Coalings . — The simple “ bitumin- 
ous paints ” are not true paints as previously 
defined. They consist of either natural asphalt or 
pitch (petroleum residual or coal tar) dissolved in 
a volatile spirit (e.g. white spirit, solvent naphtha, 
etc.) so that drying, as distinct from the 
“ drying ” of an ofi paint, consists merely in the 
evaporation of the solvent. Such bituminous 
coatings afford good protection to iron and steel, 
sometimes under conditions such as would be 
deleterious to ordinary oil paints (e.g. atmo- 
spheres polluted by chemical fumes) ; they are, 
however, adversely affected by excessive sun- 
light. They are widely used for structural work, 
for which purpose they are improved both 
aesthetically and in durability by pigmentation, 
particularly with aluminium powder. Excellent 
results, for example, have been quoted for the 
use of tar paints containing 12 to 15% aluminium 
(Vth Rep. of Corr. Ctte., Iron and Steel Inst. 
1938, 320) ; the aluminium floats to the surface 
of the fi l m which, when dry, has practically 
the' same appearance as an aluminium paint 
proper. A modification of bituminous paint, 
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using bitumen together with drying oil additions, 
the coating being “ stored ” after application, 
results in black “ japan.” For the protection 
of pipelines underground, coal-tar pitch, the 
basis of the well known “ Angus Smith com- 
pound,” is extensively employed. The original 
patent (1848) specified the use of linseed oil as 
an addition to the pitch to obtain the right 
consistency and elasticity. In modern practice 
the pipes are heated and immersed in the molten 
bath of refined coal tar pitch (sometimes with 
certain “filler" additions) and frequently the 
coating is reinforced with hessian or similar 
material. Damage to this protective coating in 
transit from the mill to the trench may result 
m local failures in service. For marine con- 
ditions, J. N. Friend (D S l.R. “ Deterioration 
of Structures in Sea-water,” XVth Rep. Ctte. 
Inst. Civ. Eng. 1935, 85) reports excellent 
results from the use of coal tar coatings on iron 
and steel, and states that coal-tar from horizontal 
Tetorts was superior to that from v ertical retorts, 
whether applied hot or cold , it was improved 
by the addition of slaked lime (see alao “ Corro- 
sion and Protection of Ships’ Hulls,” p. 382). 
“ Bituminous Materials in Paint ” have been 
surveyed by L. A Jordan (Res. Assoc. Brit. 
Paint Slanufac. 14th Bull. 1935); see alao 
Jordan and Whitby, 1936, aupra. 

Metal Coatings. — Tho non-ferrous metals 
most commonly applied in the form of thin 
coatings for the protection of iron and steel are 
aluminium, lead, tin, and zinc Methods of 
application include either purely metallurgical 
processes (rolling, hot-dipping, cementation, 
spraying) or electro deposition. 

“ Bolled-on ” Coatings — In the “ old Sheffield 
plate " process (rendered obsoleto by the intro 
duction of silver plate) thm sheets of silver were 
beaten on to copper, the operation being 
assisted by heat. Within recent years the prin- 
ciple has been revived m “ metal cladding " 
processes. Thus, copper-clad and nickel-clad 
steels are produced by rolling or drawing a 
heated billet of steel “ sandwiched " between 
plates of the protecting metal Aluminium clad 
steel has been proposed as a substitute for tin- 
plate in the canning of foodstuffs. A promising 
development is the rolling of a i eneer of stainless 
steel on to an ordinary steel base Aluminium 
alloys of the duralumin type (having high 
strength but a susceptibility to intergranular 
corrosion from which the weaker aluminium is 
free) arc similarly covered with pure aluminium. 
The duplex material (American “ AJclad," 
British “ Aldural,” German “ Allautal ”) is 
used extensively in aircraft. Alternatively (as 
in “ duralplat ”), a relatively resistant sihcon- 
alumimum alloy (free from copper) may be 
used for the outer layer, the rather leas resistance 
to corrosion being compensated by the greater 
resistance to wear. 

Hot- Dipping Processes — Hot-dipping is em- 
ployed principally for coating iron and steel with 
tin or zinc (tinplate and “ hot-galvanising " 
industries). In each case the bond with the 
underlying metal is provided by a certain 
amount of alloying. Exceedingly thm on tin, 
tho alloy layer reaches much grosser dimensions 
on zinc, where two and occasionally three inter- 
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mediate layers can be detected, each character- 
ised by an interne talk o compound. Advantage 
is claimed for a process of subsequent annealing 
forthe purpose of removing mechanical weaknes* 
set np by the presence of these layers. In gl] 
cases scale adhering to the metal must be 
completely removed by pickling prior to the hot- 
dipping. The composition of both basis and 
covering metal is usually more rigidly controlled 
for tinplate than for galvanised iron. Metallic 
additions, for example, are not normally made 
to the tin bath, but to the zino bath very small 
quantities of either aluminium or tin are 
commonly made with the object of increasing 
the fluidity of the bath or improving the appear 
ance of the coatmg. Tinplate finds its widest 
application in the manufacture of food containers 
and dairy utensils, whilst galvanised iron is used 
for roofing and for much large-scale work exposed 
to the open air. (Hot tinning is also applied to 
copper articles, particularly water pipes and 
cooking utensils.) Tin and zme are normally 
cathodic and anodic respectively to iron [tu 
“ Electro-potential Senes,” Table III, p. 376). 
Hence, in the event of the underlying metal 
becoming exposed at any point, in the presence 
of a suitable electrolyte, the iron in contact with 
tm is attacked preferentially, leading to per- 
foration of the sheet, whilst a zmo coatmg, under 
similar conditions, will undergo “ sacrificial 
corrosion ” where the underlymg metal is ex- 
posed and thus protect it from attack. Circum 
stances sometimes arise, however, in which a 
reversal of polarity takes place, as, for example, 
with tinplate in the presence of certain fruit 
juices. It is important that a certain minimum 
thickness of coating should be exceeded if a 
reasonable life is to be assured This is a general 
rule that applies to all metallic coatings, which 
frequently depend for their corrosion resistance 
on the ability to build up a protective film in the 
particular environment in which they are 
placed. This normally involves an initial period 
during which the coating itself is contributing 
to the formation of the protective layer, and its 
initial thickness should thus be at least sufficient 
to survive this interim period. This applies 
equally to coatings of the anodic type, since the 
conditions which result in “sacrificial" corrosion, 
and hence loss of the protective coating, should 
be avoided. 

Galvanised iron, when used for structural 
work exposed to the open air, is frequently 
further protected by painting. The unsatis 
factory adherence of paint to the galvanised 
coating may be overcome by a preliminary 
period of weathering ; various solutions (eg 
oxalic acid), are also employed for etching the 
freshly deposited coatmg pnor to painting («« 
p. 394). 

T erne plate consists of iron or steel shee t coated 
(by hot-dipping) with a lead alloy containing 10 
to 25% tin. (Lead itself does not give a satis- 
factory hot-dipped coatmg on steel owing to the 
absence of any alloy “ bond.”) It is largely 
used for roofing as a substitute for lead sheet or 
galvanised iron, but painting is usually neces- 
sary • this is facilitated by the readiness with 
which paint adheres to the material without any 
preliminary treatment. 
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Cementation Processes. — The principal cemen- 
tation process (heating of the previously cleaned 
basis metal with the coating metal, the latter 
in powdered form, usually “ diluted ” with 
oxide) is that of “ sherardising,” due to the late 
Sherard Cowper-Coies, in which iron or steel is 
coated with zinc. The process is particularly 
suited for small articles, such as bolts, nuts, 
screws, for which it has the advantage over hot- 
dipped coatings in respect to a considerably 
smaller dimensional change. The coating differs 
principally from the hot-dip coating in that 
there is usually only one alloy layer, whilst 
the outer layer of pure zinc is often not repre- 
sented at all. It is in the uniformity and con- 
tinuity of the alloy layer that the corrosion 
resistance of sherardised coatings principally 
depends. This alloy is normally anodic to iron 
but less so than zinc. 

The analogous process of cementation by 
means of aluminium (calorising) is used more 
particularly for protection against oxidation 
at high temperatures, where the protection is due 
to the refractory properties of the film of alumina. 
The coating is also useful for protection against 
sulphurous fumes. 

Metal-spray Processes.-— The process devised 
by Schoop in 1910, whereby a spray of finely 
divided metallic particles is ejected from a 
blowpipe or “ pistol,” has within recent years 
assumed important industrial dimensions. 
Metal wire is supplied to the pistol, in which it is 
melted at the tip by an oxyacetylene flame, 
atomised by excess of gas, and carried forward 
at a relatively low temperature (actually below 
the ignition point of a match). Adhesive 
deposits of various metals may be sprayed on to 
steel, which should be previously sand-blasted 
to obtain the necessary “ keying,” since no 
appreciable alloying occurs. An obvious advan- 
tage of the method is its ability to apply a 
protective metal coating to structures, in situ. 
Recent modifications, as the Schori processes, 
have aimed at increasing the speed of working 
by supplying metal powder to the pistol instead 
of wire ; this process also sprays metal/glass 
mixtures which are claimed to provide flexible 
coatings of metal silicate resistant to sea- water 
attack. Marked resistance to corrosion in 
industrial and marine atmospheres has been 
obtained by the spraying of thin coatings of 
aluminium on steel by the ordinary method, 
particularly when the coatings have been 
subsequently treated with cellulose lacquer 
(W. E. Ballard, Trans. Manch. Assoc. Eng. 
1935, 113). The possibility of using sprayed 
metal coatings for the protection of ships’ hulls 
is referred to in the Fifth Report to the Iron and 
Steel Institute Corrosion Committee (he., 219). 

Electro-deposited Coatings. — Much research 
has been carried out with the view to increasing 
the efficiency of electro-deposition processes, 
by which a wide range of protective metal 
coatings are now produced. It has been shown 
that interalloying of coating and base does not 
take place, although in certain cases slow diffu- 
sion may occur subsequent to deposition. On 
the other hand, the relationship may be so 
intimate that the lattice of the basis metal may 
be continued and the structure exactly copied 
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by the deposit (A. W. Hothersall, Trans. 
Faraday Soc. 1935, 31, 1242). 

Electro-deposition has the advantage of pro- 
ducing a uniform coating under controlled 
conditions with little dimensional change. It 
is particularly suitable for small articles of 
irregular shape, but for special purposes may be 
applied to large-scale work. Small articles are 
frequently plated in bulk by the “ barrel ” 
method ; a rotating barrel dipping into the 
electrolyte contains the articles, the mutual 
contact of which ensures electrical connection 
and provides a certain burnishing action which 
improves the appearance of the deposit. 

Zinc coatings are produced commercially by 
each of the four main methods ; the term 
“ galvanised ” iron, however, almost invariably 
refers to the “ hot-dipped ” coating. Tin 
coatings are produced to a comparatively small 
extent by electro-deposition, which has, however, 
been recommended for supplementing the hot- 
dip process, the two operations yielding a coating 
that is practically free from pores. 

Nickel-plating on iron and steel is carried out 
on the largest scale. Excellent protection 
against corrosion is afforded under many 
conditions, nickel coatings being particularly 
suited for parts of equipment which must 
resist both corrosion and abrasion. In atmo- 
spheres containing traces of sulphur dioxide, 
provided a critical relative humidity of approxi- 
mately 70% is exceeded, the polished surface 
undergoes a characteristic filming or “ fogging ” 
( see General article under Atmospheric Corro- 
sion). In modem practice nickel coatings are 
covered, for decorative purposes, with a film of 
electro-deposited chromium. This resembles 
nickel in its extreme hardness and resistance to 
wear, fine appearance, and ability to take a high 
polish, but has the advantage of freedom from 
fogging. (Small amounts of chromium alloyed 
with nickel also inhibit fogging, but the two 
metals cannot, as yet, bo deposited simul- 
taneously.) An analogous recent development 
is the plating of a thin film of rhodium on 
electro-deposited silver. This retains the advan- 
tages of silver plate with freedom from tarnish- 
ing, to which unprotected silver is characteris- 
tically liable in atmospheres containing traces of 
sulphur compounds. 

The use of electro-deposited cadmium is 
increasing considerably. Whilst it appears to 
have no appreciable advantage over zino for 
open-air conditions, its whiter and pleasanter 
appearance, particularly when polished, is 
advantageous for indoor purposes, as in electrical 
and radio parts. In the Udylite process, iron 
articles, after electroplating with cadmium, are 
heated at 150° to 200° for several hours. 

Arising from difficulties in producing coatings 
of lead by other methods (e.g. absence of alloying 
in hot-dip and cementation processes and health 
hazards in spraying processes) developments 
have recently taken place in the large-scale 
electro-deposition of lead on iron for roofing and 
constructional purposes (F. W. Hay, Metallur- 
gist, 1937, 11, 23). High resistance to industrial 
atmospheres is brought about by the formation 
of a surface film of insoluble lead sulphate. 
Developments in electroplating are surveyed by 
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S. TVemick (Chem. and Ind. 1934, 53, 948; 
Ind. Chem. 1935, 11, 233). See also works 
recommended below. 

Testtsq or Metallic Coatings. — Stany 
methods are in use for testing soundness, thick- 
ness, and adhesion of metal coatings. One of the 
earliest schemes for detecting pinholes was by 
means of the ferroxyl indicator of Cushman and 
Walker. This is prepared bytheadditionofalittle 
potassium ferricyamde and phenolphthalem to a 
dilute solution of sulphuric acid ; a convenient 
method of carrying out the test is to use a test 
paper saturated with the reagent, which is 
pressed on the surface. In the case of a cathodic 
coating (e g. nickel on iron) the position of the 
pinholes is indicated by a blue spot of ferrous 
ferricyamde where iron passes into solution. 
For tinplate, Macnaughtan, Clarke, and Pry- 
thereh (J. Iron and Steel Inst. 1932, 125, 159) 
recommend a solution containing sodium 
chloride with potassium ferricyamde ; they also 
obtain excellent results from a simple “hot 
water test," observing suitable precautions. 
Pinholes in anodic coatings { t g. zwc on iron) 
are more difficult to demonstrate, but usually 
they are of less consequence in practice. The 
thickness of zino deposits on iron is still deter- 
mined by the old established Preeco test ; this 
consists in repeated immersion of the samples 
(usually galvanised wire) in copper sulphate 
solution at one minute intervals, the number of 
immersions required to produce a deposit of 
copper on the basis metal giving an indication 
of the thickness of the coating. A number of 
methods have been proposed for overcoming 
certain objections to the Preece test. Britton 
(J. Inst. Metals, 1930, 58, 211) makes the 
sample the anode of an electrolvtio cell at a 
fixed current density and notes the time taken 
to remove the coating from a given area. The 
thickness of tin coats on iron is determined 
rapidly by Clarke by removal in a solution of 
hydrocblorio acid and antimony chloride, the 
latter preventing attack on the iron. In the 
" B.N.F. jet test ” the thickness of the coating 
at any desired point is determined by measuring 
the time required for perforation of the coating 
by a jet of an appropriate solution which is 
allowed to impinge on the surface at a constant 
pressure. It is applicable to a wide range of 
coatings (S. G. Clarke, J. Electrodep. Tech. Soc. 
1936, 12, 157; 1937, 12, 1-18). Methods of 
testing zinc coatings have been comprehensively 
surveyed by L. Kenworthy (J. Inst. Metals, 
1037, 61, 143). 

References (Books dealing with Metal Coatings) 
H. S. Rawdon, " Protective Metallic Coatings," 
Chemical Catalog Company, New York, 1928, 
H. Bablik, “ Galvanising," 2nd ed. (English 
translation), E. & F. N. Spon, London, 1936; 
E. E. Hedges, “Protective Films on Metals," 
2nd ed.. Chapman and Hall, London, 1937. 

W. H. J. V. 

CORROSIVE SUBLIMATE. Mercuric 
chloride, 

CORUB1N. An artificial corundum (a. 
Abrasives and CoRTOPtna:.) 

CORUNDUM (Fr. Conndon ; Ger. Kervnd; 
from the Hindi hirund, Sanskrit huruvinda). 
Crystallised alumina (A 1,0,). The ciystala 
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belong to the rhombohedral system, and »rs 
isomorphous with hasmatite (Fe,O f ). Tbev 
vary considerably in habit, having tha form 
of hexagonal pnsms, pyramids, or tables. la 
some crystals the combination of six faces of tha 
primary rhombohedron with two faces of tha 
basal pmacoid produces a form strikingly 
similar to the regular octahedron. There » no 
true cleavage, but often the crystals and crystal, 
line masses show a pseudo-cleavage or parting 
parallel to the basal plane or to one or mors 
faces of the primary rhombohedron, dua to 
lamellar twinning on these planes. On theso 
surfaces the lustre is sometimes pearly, but 
otherwise it is usually vitreous, or inclining to 
adamantine m character. The fracture is un 
even to conchoidal ; and the sharp jagged 
edges of the irregular grains give effect to the 
cutting power of the material when used as an 
abrading agent. Analyses show the presence 
of 95-99% of alumina, with small amount) of 
ferno oxide, magnesia, silica, water, etc, and 
sometimes traces of chromium. Sp gr. 3 0-4 1. 
The crystals are optically uniaxial and negative ; 
refractive indicesfor sodium-light to 1 -768, 1 1 700. 
The dichroism is marked. Next to diamond, 
it is the hardest of minerals, being placed u 
No 9 in the scale of hardness , on this account 
it was formerly known as adamantine spar. 

A distinction is made between the transparent 
“ precious corundum " and the dull, opaque 
” common corundum,” while a third etiU lew 

K variety is known as emery (v. Abrasivw). 

division also corresponds with the economic 
uses of the mineral, “ precious corundum " 
being used for gem stones, and “ common 
corundum " and emeiy for abrasive purpose* 
The pure, well-crystalhsed material is perfectly 
colourless and transparent with & high degree 
of brilliancy. Traces of inorganic impuntie), 
however, produce a wido rango of colours, 
which are more vivid in the stones of gem- 
quality, namely red (ruby), orange and yellow 
(“ oriental topaz ’’), green (“ oriental emerald "), 
blue and indigo (sapphire), and violet (“ oriental 
amethyst ”). Although such names are in 
popular use for jewellery, this mineral has, of 
course, no relation to topaz, etc. Parti-coloured 
stones are not uncommon. The colour of 
common corundum is usually grey or brown. 

Corundum is not a widely distributed miner*!, 
but it is found in abundance at certain localities 
It occurs in igneous and metamorphio reeks m 
which no free silica is present as quartz, such 
as syenite, gneiss, pendotite, and serpentine, 
and in crystalline limestones. Material of gem- 
quality is usually collected as water-worn 
pebbles in gravels derived from these rock) 
Material for gem-atones and that for abrasi’ie 
purposes are not, as a rule, mined in the same 
localities. Taking first the localities for the gem- 
varieties, the following may bo noted as a few 
of the most important. The beat rubies it* 
obtained from the famous mines near Mogok 
in Upper Burma, where they occur m a whits 
crystalline marblo pear its contact with gneiss j 
they are mined m the detntal deposits demed 
from this rock. Dark -coloured rubies a w 
obtained with sapphire from alluvial deposits 
ifl the provinces of Chantabun and Krst io 
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Siam. Stones of good quality have also been 
mined together with common corundum in 
Macon Co., North Carolina. The best sapphires 
come from the gem-gravels of Ceylon ; other 
localities of importance are Siam and Kashmir. 
Dark blue and greenish-blue sapphires occur 
abundantly in gravels near Anakie in Queens- 
land ; while paler stones of various shades 
(“ fancy stones ”) are plentiful in the neighbour- 
hood of Helena in Montana. 

Common corundum as used for abrasive 
purposes (apart from emery) was formerly 
mainly mined in the United States ; later the 
Canadian and South African deposits came into 
prominence ; while now the latter are being 
ousted by the artificial products carborundum 
and alundum. India has also since remote 
times produced a certain amount which has 
been largely used by the native lapidaries. 
In the United States the corundum deposits 
extend along the Appalachian Range from 
Alabama to Massachusetts, reaching their 
greatest development in North Carolina and 
Georgia. Here they occur in peridotites near 
their cewtaet with gneiss. In Ga.ne.de. a heit of 
corundum-bearing syenites (nepheline- and 
related alkali-syenites),' associated with the 
Lauren tian gneisses, extends for 100 miles 
across Renfrew, Hastings and Haliburton 
counties in Ontario, the principal mining 
district being near Craigmont in Renfrew Co. 
Large rough crystals of corundum are abundant 
in gneiss in Madagascar and at Steinkopf in 
Namaqualand, South Africa. More recently, 
important deposits have been discovered and 
: worked in the Zoutpansberg and Pietersburg 

; districts in northern Transvaal. 

The corundum-bearing rock as mined is 
crushed botweon hardened steel rolls and the 
heavier corundum soparated in water by means 
of jigs and concentrating tables. It is sifted 

- into different grades of fineness and used (1) as 

? loose grains ; (2) mixed with glue or other 

- soft cement as a coating on paper or cloth ; 

i and (3) as corundum-wheels for grinding. The 
: last-named are of three classes : (a) The 

■ “ vitrified wheel,” in which the corundum is 

| mixed with clay and baked at a high tempera- 
ture, with the result that the grains of corundum 

: are set in a matrix of porcelain. (6) The 

“ chemical wheel,” in which sodium silicate 
? is tho binding material, (c) The “ cement 
i wheel ” with shellac, rubber, linseed-oil, etc., 

i or magnesium oxychloride. Another use for 

! corundum, depending on its hardness, is for the 

< pivot supports for watches (watch-jewels) and 

'( other delicate instruments, the poorer qualities 

•r of gem-material being used for this purpose, 

r Although corundum is the richest ore of alumi- 

t< nium, there are difficulties in its use for the ex- 
it traction of the metal. It has, however, been 

' used directly in the preparation of aluminium. 

,i' copper and aluminium-iron alloys. 

<il The artificial preparation of crystallised 

y corundum was first effected by M. A. Gaudin, 

s r in 1837, by decomposing potash-alum with 

ri charcoal. It has since then been produced by 

\Y a variety of methods, and is now manufactured 

3 1 on a large scale both for use as gem-stones and 

for abrasive purposes. Beautiful crystals of 

0 


ruby uere prepared by E. Fr4my and Foil, in 
1877, by heating a mixture of alumina and red- 
lead with potassium dichromate in a porous 
fireclay crucible ; a fusible aluminate.of lead 
was thereby formed, which was decomposed by 
the silica of the crucible with the separation 
of crystallised alumina. The crystals so ob- 
tained, though of some size, good colour, and 
perfectly transparent, were unfortunately too 
thin for cutting as gems. A far greater measure 
of success was achieved by A. Verneuil in 1902, 
who has produced fine gems of all colours. 
Interesting experiments from a petrological 
point of view were conducted by J. Morozewicz 
in 1898, in which he obtained crystallised 
corundum in silicate magmas supersaturated 
with alumina. Artificial corundum, used as an 
abrasive under the trade name of alundum 
(aloxite, adamite), is now manufactured on 
a large scale at Niagara Falls by fusing bauxite 
in an electric furnace. Corubin formed as a 
by-product in the Goldschmidt thermite process 
is also an artificial corundum. 

References. — A. E. Barlow, “ Corundum, its 
Occurrence, Distribution, Exploitation, and 
Uses,” Canada, Dept. Mines, Geol. Survey, Mem. 
57, Ottawa, 1916, 378 pp. (with special reference 
to the Canadian deposits) ; T. H. Holland, 
“ Corundum,” Manual of the Geology of India, 
2nd ed., Calcutta, 1898 (with special reference 
to the Indian deposits) ; A. L. Hall, “ Corundum 
in the northern and eastern Transvaal,” Mem. 
Geol. Surv. South Africa, 1920, No. 15 ; 
G. P. Merrill, “ The Non-metallic Minerals,” 
2nd ed., Now York, 1910 ; J. H. Pratt, Bull. 
U.S. Geol. Survey, 1906, No. 269 ; J. H. Pratt 
and J. V. Lewis, North Carolina Geol. Survey, 
1905, i. ; M. Bauer, “ Edelsteinkunde,” 3rd ed., 
by IC. Schlossmacher, Leipzig, 1928-1932, 
and English translation, “ Precious Stones,” 
by L. J. Spencer, London, 1904 ; “ Abrasives,” 
Imperial Institute, London, 1929. 

L. J. S. 

CORYBULB 1 N E v. Corydalis Alkaloids. 
Corydaline Sub-Group. 

CORYCAVINE v. Corydalis Alkaloids, 
Corycavine Sub-Group. 

CORYDALINE v. Corydalis Alkaloids, 
Corydaline Sub-Group. 

CORYDALIS ALKALOIDS.— The cory- 
dalis species belong to the Fam. Papaverace® ; 
there are about ten different species known to 
contain alkaloids, of which C. cava (syn. tuberosa) 
is the most important (t>. Wehmer, “ Die Pflan- 
zenstoffe,’’ Jena, 1929, p. 388). For references 
to early chemical investigations, v. Ziegenbein 
(Arch. Pharm. 1896, 234 492). The most 
important alkaloid corydaline was isolated by 
Wackenroder as early as 1826. 

Extraction. — According to Gadamer (Arch. 
Pharm. 1902, 240, 21) the finely ground corydalis 
roots are exhausted with 94% EtOH. The 
solvent is removed by distillation, the oily 
residue is acidified with acetio acid and diluted 
with HjO. The aqueous solution is made 
alkaline with ammonia and extracted with 
Et 2 0, when all alkaloids pass into the solvent 
except corytuberine, which is obtained by 
evaporating the mother-liquor. By concen- 
trating the EtjO-solution a first crystalline 
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fraction (a) melting from 160-180° is obtained 
which contains corydaline, bulboeapnine, cory- 
fartM, and eorybulbine. This mixture may be 
separated by successively extracting the cry- 
etalline mass with small amounts of boiling 
EtOH. The ethereal mother-liquor from (a) 
is then completely evaporated, when a fraction (6), 
melting from 130-140°, is obtained, which 
consists almost entirely of corydaline. The 
fraction (6) is converted into the hydro bromides, 
when first bnlboeapmne HBr separates ; by 
fractional precipitation of the remaining hydro- 
bromides with ammonia corydaline, corybulbine, 
isoeoryfiulbine, eorydine, and corycavme, and 
further amounts of bulbocapnine are obtained. 
The mother liquors are acidified with HC1 when 
further crystalline fractions are obtained. The 
residue is transformed into the rhodamdes, 
from which by extraction with EtOH cory- 
cavamine rhodamde is left behind. 

G a darner’s process is merely a general guidance 
and not an accurate prescription; it has often 
been modified if a special alkaloid was sought 
after. The separation and purification of the 
different alkaloids is a very tedious and laborious 
process ; also the yields of the different alkaloids 
vary to a great extent 

Other investigated corydalis Bpecies are : 

C. ambxgua (Chinese C ) : Makoshi (Arch. 
Pharm. 1908, 246, 381), Chon (A, 1928, 927 ; 
tbtd. 1929, 477, 10S5 ; ibid. 1933, 652 ; tbuf 
1934, 1014). Huang Minion (Ber. 1936, 69, 
[B], 1737) (important paper) 

C. Vtmyx (Japanese C ) • Asahioa and 
Motigaae (J.C.S. 1921. 120, 1, 86). 

C. decumbent : Makoshi (Arch Pharm. 1908, 
246, 401) ; Osada (Amer Chem Abstr. 1928, 
22, 592) 

C. lutea and C. nobiha : Schmidt (Arch. 
Pharm. 1008, 246, 575). 

C. aurca : Heyl (Apoth -Ztg. 1910, 25, 137) ; 
Eppeon (Amer Chem. Abstr. 1935, 29, 2662). 

V. eolidai Haars (Arch. Pharm. 1905, 243, 
154). 

C. temala Nakai (Korean C.) . Go (Chem. 
Zentr. 1930, I. £34). 

The arrangement of the corydalis alkaloids 
into three groups is due to Gadamer, Ziegenbem, 
and Wagner : 

Group 1 : consists of weakly basic alkaloids, 
which are readily oxidised by iodine to berbenne- 
hke compounds (corydaline sub group). 

Group II : includes stronger bases which are 
attacked by iodine solution (corycavme sub- 
group). 

The alkaloids of Group II are closely related 
to cryptopine and protopme, and con tarn the 
characteristic ten-membered ring-system. 

Group III : comprises the strongest bases of 
the senes, these contain free phenobo hydroxyl 
groups and are easily oxidised by iodine (cory- 
tubenne sub-group). 

Group III comprises alkaloids which be'ong 
to the aporphine group (r. Gadamer, Oberhn, 
and Schoeler, Arch. Pharm. 1925, 263, 81). 
The numbering of the tetrahydroprotoberbcnne 
(Buck, Perkin and Stevens, J.C.S. 1925, 127, 
1462; Gadamer, Spath and Mosettig Ar-h. 
Pharm. 1927, 265, 675) and the aporphine 
skeleton is the following : 



Group I. — Cobydaune Sub-oboct.— T his 
comprises the weak alkaloids of the eorydaha 
root, viz. corydaline, dehyd.ro corydaline, eery- 
bulbme, uocorybnlbme, tetrahydropalmatine, 
and corypa lmin e. They have in common the 
property of being capable of oxidation with 
iodine to the dehydro-compounds which are 
quaternary bases closely related to berberme and 
palmatine. 

Corydaline was first isolated from C. caw 
by Wackenroder (Berz. Jahr. 1826, 7, 220), 
but it was Freund and Josephi who gave it 
the correct formula. The yields vary con- 
siderably, Martmdale (Arch. Pharm. 1893, 236, 
215) gives 0 9%, Ziegenbem (Arch. Pharm. 
1896, 234. 497) quotes 0 57%. 

Corydaline (I), C tl H t ,0«N f [«]* +300* 
(in chloroform), m.p. 135°, crystallises from 
EtOH in colourless, short, bit -sided prisms, 
sparingly soluble in cold, but easily soluble in 
hot EtOH, Et t O, CHClj and benzene, 
(I) contains 2 asymmetno carbon atoms ; it u 
slowly. oxidised by atmospherio oxygen to the 
yellow dehydro corydaline (II). For absorption 
spectra of (I) see Dobbie and Lauder (J C.S. 
1903, 83, 605), Dobbie and Fox {JC5. 
1914, 105, 1639), and Girardet (J.CS. 1931, 
2630). (I) gives two methiodidea : one being 
crystalline, m p. 233-240°, [a] D +139 4°, the 
other amorphous, m.p. 64-68% [a] D +110° 
(von Bruchhausen and Stippler, Arch. Pharm. 
1927,265, 152). 

The salts of (I) are crystalline : B HCI+2H|0, 
columnar crystals from H,0, m p. 206-207° • 
B HI, pale yellow prisma of indefinite np.1 
B HNO„ tablets from EtOH, mp. 198°. 
sparingly soluble in H,0 ; B-HCNS column* 
from EtOH, mp. 208°; platmiehloride, brown 
crystals, m.p. 227° ; the ethyl sulphate form* 
characteristic, large prisms, m.p. 152 5% 

By oxidation of (I) with iodine (Ziegenbem, 
Arch. Pharm. 1896, 234, 505), bromine (Martin- 
dale, Arch. Pharm. 1898, 236, 238) or very 
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HNO a (Dobbie and Marsden, J.C.S. 1897, 71, 
657) dehydrocorydaline (II) is obtained, which 
is identical with a natural base isolated from 
C. cava, vemyi, ambigua, and solida. (II) is a 
yellow crystalline powder, m.p. 112-113° 
(decomp.), the salts are crystalline, B-HCI, 
4H 2 0, yellow leaflets, soluble in H 2 0 and 
EtOH; B-HBr,yellowneedles,m.p.l26°; B-H I, 
2H,0, small yellow needles ; B-HAuCI 4 , red- 
brown needles from EtOH — HCI, m.p. 219° ; 
B 2 -H 2 PtCl c 6H 2 0, yellow needles from 
EtOH— HCI ; (II) hi solution is a quaternary 
ammonium base. In the free state it melts and 
decomposes at 112-113°, has the composition 
C 22 H 25 0 6 N and must be regarded as a i/'-base 
with the keto-oomposition containing the groups 
•CMeO and NH< instead of -CM e:N-(OH)< 
for it forms an oxime, orange-yellow crystals, 
m.p. 165° (Haars, Arch. Pharm. 1905, 
243, 171), it also unites with 1 mol. of CHCI 3 to 
form a colourless crystalline compound m.p. 

162- 163° and an amorphous acetone compound 
(Ziegenbein, ibid. 1896, 234, 492). 

By reduction of (II) with zinc and sulphuric 
acid r-corydaline (III) m.p. 134-135° and 
r-mesocorydaline (IV) m.p. 158-159° ; m.p. 

163- 164°: Spath and Posega, Ber. 1929, 62, 
[B], 1029) are formed, which are both optically 
inactive (Gadamer, Arch. Pharm. 1902, 240, 
19; ibid. 1916, 254, 295). (IV) may be 
resolved into d- and l- forms by crystallisation 
of the d-camphorsulphonate, the d- form is not 
identical with natural (I) (Gadamer, ibid. 
1902, 260, 50 Haars, l.c.). (Ill) has not 
been resolved, but its sulphonic acid can 
be separated into d- and 1- forms by crystal- 
lisation of the brucine salts, the d- form is 
identical with the sulphonic acid prepared from 
natural corydaline (Gadamer, ibid. 1916, 254, 295). 

Insight into the constitution of (I) has 
principally been obtained by oxidation experi- 
ments (cf. Dobbie and co-workers, J.C.S. 
1897, 71, 657 ; 1902, 81, 145 ; Haars, l.c.). 
Oxidation with permanganate yielded hemipinic, 
m-hemipinic acid and corydaldine ; HNO a 
gave rise to the intermediate oxidation pro- 
ducts corydic, corydilic, and methylpyridine 
carboxylic acids respectively, and the ultimate 
products were pyridine-2:3:4:5-tetracarboxylic 
acid, hemipinic and m-hemipinic acids. Im- 
portant contributions towards the final elucida- 
tion of the structure of (I) were made by Spath 
and Lang (Ber. 1921, 54, [B], 3074), Gadamer and 
von Bruchhausen (Arch. Pharm. 1921, 259, 245), 
Lawson, Perkin and Robinson (J.C.S. 1924, 
631), and by von Bruchhausen and Stippler 
(l.c.). Cf. also Koepfli and Perkin (J.C.S. 1928, 
2989) where short survey is given. The follow- 
ing constitution for (I) has been established : 


2 OMe 
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Synthetical experiments were carried out by 
Pictet and Malinovski (Ber. 1913, 46, 2688), 
Spath and Lang (l.c. 1921), and Spath and 
Mosettig (Annalen, 1923, 433, 138), but they 
failed to give a product identical with (III) or 
(IV). P. von Bruchhausen (Arch. Pharm. 1923, 
26l, 28) was able to introduce the C-methyl- 
group into position 13, and he obtained (III) 
melting at 135-136° ; Spath and Holter (Ber. 
1927, 60, [B], 1891) obtained synthetic (III) and 
(IV) in connection with their work on corycavine. 
An interesting synthesis of (III) and (IV), 
starting from papaverine, was described by 
Spath and Kruta (Ber. 1929, 62, [B], 1024). 

Corybulbine and isoCorybulbine. — Corybulbine 
was first isolated by Freund and Josephi 
(Annalen, 1893, 277, 1); isocorybulbine 

was found by Gadamer and Ziegenbein 
(Arch. Pharm. 1902, 240, 634). They occur 
in corydalis roots in an amount of 0-05% 
(Gadamer, ibid. 24), and 0-185% respectively 
(Bruns, Arch. Pharm. 1903, 241, 634). The 
yields vary considerably. Makoshi (Arch. 
Pharm. 1908, 246, 381) isolated (I) from a 
Korean corydalis, possibly C. ambigua (see also 
Chou, A. 1929, 1085). Both alkaloids (I) and (II) 
are sensitive to fight. 

Corybulbine (V), C 2I H 25 0 4 N, [a] D +303-3°, 
m.p. 239-240°, crystallises from boifing EtOH 
in colourless needles, sparingly soluble in EtOH, 
Et 2 0, and CH 3 -C0 2 Et, soluble in CHCI 3 , 
acetone, or hot benzene. (V) is a weak base. 

B-HCI, colourless prisms, m.p. 245-250°, 
slightly soluble in H 2 0 ; platinichloride and 
auri chloride are amorphous. By oxidation 
with iodine optically inactive dehydrocory- 
bulbine, C 21 H 21 0 4 N (dark violet needles, from 
H s O, m.p. 175-178°), is formed. 

By reduction an optically inactive r- cory- 
bulbine is obtained, m.p. 220-222°, which has 
not been resolved with bromocamphorsulphonic 
acid (Bruns, Arch. Pharm. 1903, 241, 650). 

/soCorybulbine (VI), C 21 H 25 0 4 N, [a] D 

+ 299-8°, m.p. 179-180°, crystallises from 
EtOH in colourless leaflets more soluble in 
EtOH than (V) ; by this property (VI) may be 
separated from (V). (IV) is a tertiary base with 
1 OH and 3 OMe- groups. For colourreactions 
of (I) and (II), see Gadamer (ibid. 1902, 240, 52). 
(II) is oxidised with iodine to dehydroisocory- 
bulbine, which yields rac. isocorybulbine, m.p, 
165—167° on reduction. Dobbie, Lauder and 
Paliatseas methylated the phenolic OH -group 
in (V) and obtained corydaline (J.C.S. 1901,79, 
87), also (VI) on methylation yields corydaline 
(Spath and Dobrowski, Ber. 1925, 58, [B], 1274). 
All 3 alkaloids give the same upocorydaline 
(hydrochloride, m.p. 220-222°) on demethy- 
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lation (Bruns, le.) This shows that (V) and 
(VI) are closely related to corydaline which 
is a methyl ether of (V) or (VI). Sp&th and 
Dobrowski (I e ) succeeded in demonstrating 
the exact positions of the phenolic groups and 
both alkaloids were finally obtained by partial 
demethylation of corydaline (Sphth and Hotter, 
Ber. 1926, 59. (BJ, 2800). (V) having the phenolic 
OH -group in position 3 and (VI) in position 2 
{cf. structure of corydaline). 

d-Tetrahydropalmatine was isolated by 
Sp&th, Mosettig, and Trothandl (Ber. 1923, 56, 
877) from C. cava grown near Vienna. The 
yield from dried corydahs roots is about 0 4%. 
the extraction was effected by the method of 
Gadamer (Arch. Pharm. 1902, 240,21). Separation 
of phenolic from non-phenohc bases was achieved 
by using caustic soda , d-tetrahydropalmatme 
was separated from corydaline by the insolubility 
of its hydrochloride. 

Tetrahydropalmatine (VII), C 2l H JS 0 4 N, 
w« +292 5° (in EtOH), m p. 142”, crystallises 
from dilute EtOH, is easily soluble in organic 
solvents, except Et s O and light petroleum. 
On exposure to air it is coloured yellow ; by 
oxidation with iodine, the quaternary iodide 
of palmatine (ra p. 233-239°) is obtained. 
Sp&th and Mosettig (Ber. 1926, 59, [BJ. 1496) 
synthesised d-tetrahydropalmatine starting from 
d-tetrahydroberberine (q v ), removing the 
methylenedioxy group with phloroglucinol sul- 
phuric acid and methylating the phenolic base. 
The product obtained was identical in every 
respect with natural (VII). 

For constitution of (VII). cf palmatine (Cal- 
rsnu Alkaloids). 

Corypalmine (VIII), C 20 H 2 jO 4 N, m p 235- 
236°, («J” +280° (in CHCI S ), was first isolated 
by Sp&th, Mosettig, and Trbthandl (Ber. 1923, 56, 
[B], 875) m a yield of about 0 005%. It forms 
email white crystals and is sparingly soluble in 
M eO H. By methylation of the I phenolic O H • 
group withdiaxomethane, d-tetrahydropalmaUne 
(q.v.) is obtained. In a later paper (Ber. 1925, 
68, [B], 2133) Sp&th and Mosettig demonstrated 
the exact position of the OH group in (VIII) and 
prosed it to bo d-tetrabydro jatrorrhizme 
(7 1>. calumba alkaloids). (VIII) was synthesised 
by Sp&th and Mosettig (Ber. 1927, 60, 
[B], 383) from d-tctrohydrobcrbcrine, the methy- 
lenediox) -group w as replaced by O H groups with 
phloroglucinol- H 2 S0 4 and the resulting pheno- 
lic base was partially methylated; from the 
mixture of products thus obtained, (VIII) could 
be isolated. The phenoho OH-group takes the 
same position 3 as in corybulbme {q r.). 

There is evidence for the existence of isocory- 
palnnne in C. cava, differing from corypalmine 
by the attachment of the phenolic OH-group 
to C-atom 2 (rf-tetrahydrocolumbamin), cf. 
Gadamer, Sp&th and Mosettig (Arch. Pharm. 
1927, 265, G75). 

Orwp //.—Corycavine Sub Group. — This 
group comprises the three alkaloids corycavine 
(I), corycavamine (II), and corycavidine (III). 

(I) was first isolated by Freund and Josephi 
(Annalen, 1893. 277, 1), (II) by Gadamer, 
Ziegenbein, and Wagner (Arch. Pharm. 1902 
240, 19), and (III) by G&damer (Arch. Pharm. 


1911, 249, 30). (I) and (II) have both the saois 
structure, (I) is the racemic form, (II) is optically 
active and is easily transformed into (I) by 
heating to above the melting-point {sec F, von 
Bmchhausen, Arch. Pharm. 1925, 263, 601). 

Corycavine (I), C 21 H 2 ,O.N ; cf. Gadamer 
and von Bruchhausen (Arch. Pharm. 1922, 260 
97) where earlier references are given ; it occurs 
in C. tava in amounts from 0 07% (Legerloti 
Arch. Pharm. 1918,256, 161) toO 11% (Gadamer 
and von Bruchhausen, > bid. 161). (1) crystal 
bses from EtOH or Et f O in rhombic tablets, 
mp. 216-218°, insoluble m cold EtOH and* 
HjO. B-HC1 needles (from H,0), m p. 219°; 
B HBr quadrangular flat plates from H,0; 
B methiodide rhombic tablets, m.p. 218°. 

Resolution of (I) into d - and l - (II) has not yet 
been effected. 

Corycavamine (II) occurs in an amount of 
0 3% (Gadamer, Arch. Pharm. 1902, 240, 81) 
It crystallises in rhombic columns from ether, 
alcohol, or CH s C0 2 Et, m p. 148-149°, [a]„ 
+ 166° (m CHClj), transformation (II) -*■ (1), 
sec above. The ealts except the sulphate 
crystallise very easily, the nitrate is sparingly 
soluble and is used to purify (II) ; B HCI, small 
needles, soluble in H 2 0 ; B HBr sparingly 
soluble needles ; B HI, yellow volaminous, 
sparingly soluble needles. 

Corycavidine (III), C S2 Hj S 0,N, occurs in 
an amount of 0 05%, (a] D +203 I s (in CHCI.), 
m p. 212-213°, crystallises from CHCI s -EtOH 
in transient, colourless crystals with 1 mol of 
CHCI,, practically insoluble in EtOH and 
EtjO. Crystalline hydrochloride and sparingly 
soluble nitrate. By continued heating at 209’ 
(III) is transformed into an optically inactive 
form, melting at 193-195°. 

Pseudocorycavine ( see Gaebel, Arch 
Pharm. 1910, 248, 249) is a mixture of (I) and 
(III) {cf. Gadamer, Arch. Pharm. 1911, 249, 
231) which is difficult to separate, hut it can be 
effected by recrystallisation of the hydro- 
chlorides. 

Subject to a sbght modification of (I) by 8p&th 
and Holter (Ber. 1927, 60, (BJ, 1891), the consti- 
tutions of (I), (II), and (III) have been con- 
clusively proved by F. von Bruchhausen (Arch. 
Pharm. 1925, 263, 570). 



(I) and (II): R 2 +R 2 =CH 2 ; Rj+R^CH, 

.O 

(III): Rj+R 2 =CH 2 ; R 2 =R 4 =OMe 

N o 

The three alkaloids do not react with Wo- 
reagents. 



COSTOL. 


Pharmacologically the three alkaloids are of 
little importance (c/. Gadamer, Arch. Pharm. 
1005, 243, 147), 

Group III. — Corytuberine Sub-Group. — 
Besides bulbocapnine (g.v.) this group comprises 
the closely related phenolic aporphine alkaloids 
corytv.ie.rine (I), corydine (II), and iso corydine 
(III). (I) and (II) occur in G. cava (0-7-1 -5% and 
0-3% respectively). (Ill) and the lavo-form of 

(II) were found in a Korean corydalis by Go 
(Amer. Chem. Abstr. 1930, 24, 620) ; (II) and 

(III) have been isolated from Dicentra canadensis 
and D. oregana (Manske, Canad. J. Res. 1932, 7, 
258 ; 1934, 10, 765). Dicentra formosa contains 
0 02% of (I) and 0-03% of (II) (Manske, Canad. 
J. Res. 1934,10, 521). 

For preparation of (I), cf. Gadamer, Arch. 
Pharm. 1911, 249, 645 ; for preparation of (II), 
Arch. Pharm. 1902, 240, 96. 

Corytuberine (I), C 19 H 21 0 4 N,5H 2 0, [a] 2 ^ 
+282-6° (in EtOH), m.p. 240°, crystallises from 
hot H 2 0 in silky needles, soluble in EtOH 
slightly soluble in CHC1 3 and CH 3 -C0 2 Et, 
insoluble in benzene and Et 2 0. The salts 
are crystalline but somewhat difficult to prepare, 
because (I) is a weak base and probably forms 
a phenolbetaine (Gadamer) ; the hydrochloride is 
sparingly soluble in H 2 0. 

(II) and (III) are obtained by methylation of 

(I) with diazomethane ; Gadamer experienced 
great difficulties in completely methylating (I) ; 
he only succeeded by doing it with diazomethane 
in statu nascendi in amyl ether solution ( l.c . 1911). 

Corydine (II), C 20 H 23 O 4 N, [a] D +204-4° 
(in CHClg), m.p. 124-125° from dilute EtOH 
with j- mol. of EtOH or m.p. 149-150° (dry). 
It is readily soluble in CHCI 3 and EtOH, 
soluble in Et z O. Methiodide, m.p. 190- 
191° (228-230° according to Manske, l.c. 1932), 
[a]® +154-6°, easily soluble in H 2 0. By 
iodino (U) is oxidised to the quaternary dehydro- 
corydine iodide (m.p. 248°) ; subsequentreduction 
yields racemio corydine, m.p. 168°, which can be 
resolved with tartaric acid into d- and i- forms 
(1-coiydine, m.p. 151°, [a]^° —206°). 

(II)-HCl, m.p. 258°, is sparingly soluble in 
H 2 0 ; separation from the hydrochloride of (III) 
is thus possible. 

isoCorydine (III), C 20 H 23 O 4 N, [a]p +195-3° 
(in CHCI 3 ), m.p. 185°, crystallises in 4-sided 
tablets from CH 3 -CO a Et-MeOH. (Ill) is 
less soluble in Et 2 6 than (II) ; (III)- H Cl is 
more soluble in H 2 0 than (II) -HCI. Methiodide, 
m.p. 213-214° (decomp.), [a]” +143-3°, 
sparingly soluble in H a O. No crystalline pro- 
duct was obtained by oxidation with iodine 
solution. For differences in colour reactions 
cf. Gadamer (l.c. 1911, 676). 

Gadamer (l.c. 1911, 641, 669) on the basis of 
his investigations assigned structures to (I), 

(II) , and (III) which had to be modified later 
in minor details. By synthesis of (I)-dimethyl- 
ether (Gulland and Haworth, J.C.S. 1928, 1834, 
and Spath and Hromotka, Ber. 1928, 61, [B], 
1692) it was demonstrated that (I) belonged to 
the aporphine alkaloids. Spath and Berger (Ber. 
1931, 64, [B], 2038) synthesised corydine starting 
from bulbocapnine (j.r.) and conclusively 
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demonstrated the arrangement of the OH and 
MeO groups in (I) and (III). 



(I) : Rj and R 4 =MeO ; R 2 and R 3 =OH. 

(II) : Rj, R 2 and R 4 =MeO ; R 3 =OH. 

(IM) : Rj, R 3 and R 4 =MeO ,- R 2 =OH. 

Recently Isolated Corydalis Alkaloids 
— (a) Mon-phenolic bases. — From C. cava grown 
near Vienna, SpSth and Julian (Bor. 1931, 64, [B], 
1131) isolated d-tetrahydrocoptisine, [a]^ +310°, 
m.p. 203-204° (for constitution, see Coptisine), 
d -canadine, [ a +299°, m.p. 131-132° (for 
constitution, see Bebberine) and hydrohydras- 
tinine, m.p. 66°. 

(b) Phenolic Bases. — Gadamer, Spath and 
Mosettig (Arch. Pharm. 1927, 265, 675) isolated 
the 2 alkaloids : d-letrahydrocolumbamine, 
m.p. 240-241° (for constitution, see Columba- 
mine) and 2-9-dihydroxy-3-10-dimethoxytelra- 
hydroprotoberberine (for numbering, cf. General 
Introduction to this article), m.p. 195°, 
which on complete methylation with diazo- 
methane yielded d-tetrahydropalmatine. For 
new bases isolated from Corydalis ambigua, 
see Huang-Milnon (Ber. 1936, 69, [B], 1757). 

Schl. 

CORYDINE v. Corydalis Alkaloids, 
Corytuberine Sub-Group. 

CORYNANTHINE, one of the Yohimboa 
alkaloids. 

CORY PALM I N E v. Corydalis Alkaloids, 
Corydaline Sub-Group. 

CORYTUBERINE v. Corydalis Alka- 
loids, Corytuberine Sub-Group. 

COSTENES. The sesquiterpene hydro- 
carbons, a- and P-costenes, C 15 H 24 , were isolated 
by Semmler and Feldstein (Ber. 1914, 47, 2692) 
from the roots of Saussurea Lappa. These 
hydrocarbons, the homogeniety of which is 
doubtful, have the following constants : a-, 
b.p. 122-126°/12 mm„ d 21 0-9014, n£ 1-49807, 
[o) D -12°; P-, b.p. 144-149°/18 mm., d 22 
0-8728, 1-4905, [a] D +6°. No crystalline 

derivatives have been prepared. 

J. L. S. 

COSTOL. The primary sesquiterpene al- 
cohol, costol, C 15 H 24 0, b.p. 169-171°/11 mm ., 
d 21 0-9803, n v 1-5200, [a] D +13°, was separated 
by Semmler and Feldstein (Ber. 1914, 47, 2687) 
from the oil from the roots of Saussurea lappa. 
The alcohol, which is probably dicych'c, gives 
on oxidation with chromic acid an aldehyde, 
C I5 H 22 0, b.p. 164-165°/15 mm., d 23 0-9541, 
tix, 1-50645, [o] D +24°, semicarbazone, m.p. 
217-218°. 1 


J. L. S. 
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gives the p -toluenesulphonyl derivative, m.p. 
112°, of hydrocotoin (2-hydroxy-4:6-dimethoxy- 
benzophenone) (Karrer and Lichtenstein, l.c.). 

A number of polyhydroxybenzophenone de- 
rivatives, including products found in coto bark 
and related to cotom, have been prepared by 
W. H. Perkin and Robinson (Proc. Chem. Soc. 
1906, 22, 305). 

A. G. P. and E. J. C. 

COTO I N v. Coto Bark. 

COTTON FLOWERS. The flowers of the 
cotton plant, according to Watt (“ Dictionary of 
the Economic Products of India ”), are used as 
a dyestuff in the Manipur district. 

Tho colouring matters present in the flowers 
of the ordinary Indian cotton plant, Gossypium 
herbaceum, have been studied by Perkin (J.C.S. 
1899, 75, 826 ; 1913, 103, 650), who isolated a 
mixture of quercetin and gossypetin by digesting 
a concentrated alcoholic extract of the flowers 
with boiling dilute hydrochloric acid. The 
mixture was acetylated and the acetyl deriva- 
tives of the colouring matters separated by 
fractional crystallisation from acetic anhydride, 
in which acetylgossypetin is less soluble. 

Quercetin, the aglucone of the glucoside 
guercitrin, the colouring matter of quercitron 
bark, is 3:5:7:3':4'-pentahydroxyflavonol : 



HO 


HOC 6 H(OE%COCOOH, yellow needles, 

m.p. 154-155°. 

As a result, Perkin concluded that gossypetin 
is hydroxyquercetin : 



I. 


By the oxidation of quercetin with chromic 
acid, Nierenstein and Wheldale (Ber. 1911, 44, 
3487) obtained quercetone, which, on simul- 
taneous acetylation and reduction and subse- 
quent saponification, yielded hydroxyquercetin. 
To this substance, which is not identical with 
gossypetin, formula (I) was assigned, and its 
synthesis was described by Nierenstein (J.C.S. 
1917, 111, 4). On the other hand, Baker, 
Nodzu and Robinson (ibid. 1929, 74) obtained 
results which confirm the work of Perkin but 
are irreconcilable with that of Nierenstein. 
These authors synthesised gossypetin by vera- 
troylation of the trimethoxyresacetophenone 
(II). The hydroxypentamethoxyflavone (HI) 
thus formed gave gossypetin (I) on demethy- 
lation. 

MeO 



MeO 


Gossypetin, C 15 H 10 O e , yellow needles, m.p 
311-313°, closely resembles quercetin in appear- 
ance, and is readily soluble in alcohol, but only 
very sparingly soluble in water. Concentrated 
alkaline solutions dissolve it forming orange-red 
liquids which, on agitation and dilution with 
water, become green, then blue, and finally 
assume a dull brown tint. Alcoholic lead acetate 
gives a deep red precipitate in the cold, passing 
into dull brown at the boiling-point, and with 
alcoholic ferric chloride a dull olive-green liquid 
is obtained. 

Gossypetin forms crystalline compounds with 
mineral acids and yields a monopotassium 
derivative, C 15 H 9 6 8 K, with alcoholic potassium 
acetate. Hexa-acetylgossypelin, colourless 
needles, melts at 228-230°. By fusion with 
alkali, gossypetin gives protocatechuio acid and 
a phenolic substance which has not yet been 
identified. 

When gossypetin hexamethyl ether, colourless 
needles, m.p. 170-172°, is hydrolysed with 
alcoholic potash, protocatechuio acid dimethyl 
ether and gossypitol telramethyl ether, C J2 H lc 0 6 , 
needles, m.p. 115-116°, are produced. In a 
similar manner, gossypetin hexaethyl ether, m.p. 
144-146°, yields protocatechuio acid diethyl 
ether and gossypitol tetraethyl ether, 

HO-C 6 H(OEt) 3 -CO-CH 2 -OEt, 

m.p. 110-111°. The latter forms an oxime, 
CieH 25 0 6 N, m.p. 127-129°, and when oxidised 
with permanganate gives gossypeionic acid, 


II. 



Gossypitone. — When an alkaline solution of 
gossypetin is exposed to air, the blue liquid on 
acidification yields a reddish-brown precipitate 
which, on gentle warming, becomes crystalline. 
Again, if benzoquinone is added to a solution of 
gossypetin in cold absolute alcohol, a similar 
reaction occurs. On keeping for a few minutes 
crystals begin to separate, and by then heating 
to 50° a semi-solid mass is obtained. This 
substance, gossypitone, Ci 5 H 8 OH, consists 
of microscopic needles of a dull red colour, which 
are difficultly soluble in the usual solvents. 
It dissolves in dilute alkalis with a pure blue 
coloration and its solution in concentrated 
sulphuric acid is dull brown. Sodium bisulphite 
solution reconverts it into gossypetin. Gossypi- 
tone possesses strong dyeing properties, and gives 
the following shades on mordanted woollen 
cloth : 


Aluminium . 
Chromium 
Tin . 

Iron . 


. Orange-brown. 
. Dull brown. 

. Orange-red. 

. Deep olive. 
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These shades are identical with those given in 
these circumstances by gossypetin itself, and it 
is accordingly evident that during the dyeing 
operation oxidation of the latter to gossypitone 
takes place. 

The glucosides present in cotton flowers have 
been examined by Perkin (J.C.S. 1909, 95. 2181), 
who in the first place employed the Egyptian 
variety. The Egyptian cottons appear, accord- 
ing to the researches of Messrs. Fletcher and 
Balls, to be derived from natural crosses of 
brovm Peruvian cottons with the Sea Island 
variety. 

Three glucosides, quercimeritrin, gossypitrin, 
and lsojuereilrin were isolated, with difficulty, 
from a concentrated alcobobo extract of the 
flowers. 

Quercimeritrin, Cj 1 H5 0 O 1 ,,3H 1 O, small, 
glistening, bright yellow plates, m p. 247-249°, 
is insoluble in cold and fairly readily soluble 
in boiling water. Its alkaline solutions possess 
a deep yellow tint ; with aqueous lead acetate 
it gives a bright red precipitate, and with feme 
chloride an olive-green coloration. Octa-awtyi- 
quercimertlrtn forms needles, m p. 214-216°. 
By hydrolysis with dilute sulphuno acid querci- 
mentrin yields ouercetin and glucose 

On mordanted woollen cloth, quercimentrin 
gives the following shades : 

Aluminium . . . Orange yellow. 

Chromium . . Reddish brown. 

Tin . . . Bright oraDge 

Iron . . . Olive-brown. 

With tho exception oT the iron mordanted 
pattern, which is of a rather browner character, 
the colours thus produced closely resemble those 
given by quercetin itself when dyed in a similar 
manner, and are widely different from those 
given by rutin and quercitnn. 

The position of the sugar group in quetcimeri- 
tnn baa been determined by Attrce and Perkin 
(J.C.8. 1927, 234). With diazomethane the 
glucoside yields almost colourless needles of the 
pentamethyl ether, CjjHjjOjfOMe),, 21-1,0, 
m.p. 203-205°, sintering at 107°. By hydrolysis, 
colourless needles of a sparingly soluble quercetin 
tetramethyl ether, m.p. 284-285°, are obtained, 
the acetyl derivative of which melts at 174-176°. 
As this, when digested with alcoholic potash at 
180°, readily gives veratric acid and phloro- 

t lucmol monomethyl ether, it is evidently the 
itherto unknown 3 - 5 . 3'.4'-tctramethoxy-com- 
pound. Quercimentrin, therefore, has the 
formula : 

OH 


C < H„0,0 



iOH 


which is in harmony with its dyeing properties. 

Quercimeritrin is also present in the flowers 
of the Prunus emarginata ? (Finnemore, Pharm. 
J. 1910, (iv), 31, 604) and Ilelianthus annuua 
(Sando, J. BioL Chem. 1920, 68. 407), 
Gossypltrln, C^H^Oj,, yellow needles, 
m p. 240-242°, (+H,0) m.p. 200-202°, dis- 
solves in alkalis with a pale yellow coloration. 


and gives with lead acetate a deep red precipi- 
tate. It is almt»t insoluble in boibng acetone, 
a property which readily distinguishes it from 
quercimeritrin, which is fairly soluble in this 
solvent. When hydrolysed with dilute sul- 
phuric acid, gossypitrin yields gossypetin and 
glucose. Acetylgossypitrin, 

C*iH n O u (CO-CH s ),. 

colourless needles, m.p. 226-228°, is almost 
insoluble m alcohol. 

Gossypitrin reacts, like gossypetin itself, with 
benzoquinone and forms a quinone, gossypiircme, 
C.j Hi, 0 13 , maroon-coloured needles, which 
possess no definite melting-point although fusion 
of the product occurs about 255-259°. By the 
action of warm dilute sulphurous acid solution 
it is reconverted into gossypitrin. 

Identical shades are given by gossypitrin and 
gossypitrone on mordanted wool : 


Aluminium 
Chromium 
Tin . . 


. Dull yellow. 
Reddish-brown. 
Bright orange. 

Dark olive brown, 
and it is thus evident that the former is con 
verted into the latter during the dyeing process 
The sugar residue of gossypitrin is probably 
attached to the hydroxyl group in the 7-position 
IsoQuercltrln, CsiH 20 Oj,.2H a O, pale yel- 
low needles, m p. 217-219°, is sparingly soluble 
in water and dissolves in alkaline solutions with 
a deep yellow tint. It gives a bright yellow 
precipitate with aqueous lead acotate and when 
hydrolysed yields quercetin and glucose. 

By methylating isoquercitrm with diazo- 
methane, Attree and Perkm (l.e.) obtained pale 
yellow, flat needles of a methylated derivative, 
m.p. 150-162°, which on hydrolysis gave 
6.7:3': 4'-tetramethoxyflavonol. isoQuercttrin 
thus has the structure : 

O OH 

^C-/ \ OH 


Ho^ C0° X 0 CjH n O ( 

On mordanted wool isoquercitrin gives the 
following shades which arc entirely distinct 
from those given by quercimeritrin ana, although 
sbghtly paler, resemble those yielded by 
quercitnn : 

Aluminium . . . Golden yellow. 

Chromium . . Brownish-yellow. 

Tin Lemon-yellow. 

Iron Browmsh-obve. 

isoQuercitrin has also been isolated from 
brown-husked maize (Sando and Bartlett, J 
Biol. Chem. 1922, 64, 629) and from mulberry 
leaves (Oku, J. Agric. Chem. Soc. Japan, 1934. 
10, 1029). 

Among tho types of cotton flowers there are 
red, pink, yellow and white flowered plants 
Perkin (J.C.S. 1910, 109, 145) examined the 
following types : red flowered, Q. arbor turn 
Linn. ; pink, G. tanguinevm Harsk ; 7“*°* 
and white, two varieties of O. neglectum Tod, 
usually now treated as one species but originally 
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described as G. neglectum and G. rosarum. As a 
result it was found that the red flowers of G. 
arboreum contain isoquercitrin, whereas in the 
yellow flowers of G. neglectum, gossypitrin and 
isoquercitrin were present. On the other hand, 
the white flowers of G. neglectum and the pink 
flowers of G. sanguineum gave amounts of 
colouring matter too small for complete identifi- 
cation, although the respective products ob- 
tained resembled in their properties apigenin and 
quercetin. 

An examination of the ordinary Indian cotton 
flower, G. herbaceum, available only in small 
amount, showed the presence of gossypitrin and 
isoquercitrin. On the other hand, Neelakantam, 
Rao and Seshadri (Proc. Indian Acad. Sci. 1935, 
2, A, 490) find that the petals of G. herbaceum 
from Coimbatore, South India, contain gossy- 
pitrin, quercitrin (instead of isoquercitrin), and 
a flavonol glucoside herbacitrin, m.p. 247-249°, 
with small quantities of gossypetin. Herba- 
citrin forms an ocla-acetyl derivative, m.p. 214- 
216°, and on hydrolysis yields herbacelin, m.p. 
279-281°, identical with 3:5:7:8:4'-penta- 
hydroxyflavone synthesised by Goldsworthy and 
Robinson (J.C.S. 1938, 60). The colour re- 
actions of herbacitrin indicate that it is the 
7-gIucoside of herbacetin (Neelakantam and 
Seshadri, Proc. Indian Acad. Sci. 1937, 5, A, 
357). 

According to Neelakantam, Rao and Seshadri 
(ibid. 1935, 1, 887), quercetin and quercimeritrin 
are present in the flowers of G. hirsulum in 
proportions which vary with variety, locality 
and season. From the petals of G. indicum, 
Neelakantam and Seshadri (ibid. 1936, 4, A, 64) 
isolated gossypin, m.p. 230° (decomp.), which 
by hydrolysis yielded gossypetin and glucose 
and a non-glycosidio substance, C 10 H 12 O,, 
m.p. 255-257°, the acetyl derivative of which 
melts at 186-187°. In addition, gossypitrin, 
herbacitrin, and quercetin were isolated. 

Gossypetin is also present in the flowers of the 
Hibiscus sabdariffa or “ red sorrel ” of the West 
Indies, a small shrub which is widely cultivated 
throughout the hotter parts of India and Ceylon 
(Perkin, J.C.S. 1909, 95, 1855). The stems 
yield the “ Rozelle hemp ” of commerce. 

A. G. P. and E. J. C. 

COTTONSEED, COLOURING MAT- 
TER OF. Cottonseeds contain, in addition to 
cottonseed oil, a highly toxic phenolic substance, 
gossypol, which remains dissolved in the oil when 
this is expressed. 

By extracting the oil with caustic soda and 
neutralising the extract, a voluminous precipi- 
tate of the colouring matter admixed with fatty 
acids and the products of its own oxidation 
separates. Marchlewski (J. pr. Chem. 1899, [ii], 
60, 84) isolated gossypol from a partially purified 
preparation of this character by extraction with 
ether and repeated crystallisation from acetic 
acid. The small yellow prisms melted at 188°, 
and dissolved in sulphuric acid with a cherry- 
red coloration, a reaction by which the presence 
of gossypol in cottonseed oil can be detected. 
Gossypol dissolves in alkalis forming yellow 
solutions which are readily susceptible to air 
oxidation and rapidly become violet and then 
slowly fade. An alcoholic solution of gossypol 


gives with ferric chloride a dark green coloration 
and with neutral and basic lead acetate a deep 
yellow precipitate. According to Marchlewski, 
gossypol appears to possess 2 hydroxyl groups, 
but contains no methoxyl groups, and is not a 
glucoside. It dyes iron-mordanted material a 
grey shade, and can be employed on cotton as 
a mordant for the basic colouring matters. 

Carruth (J. Amer. Chem. Soc. 1918, 40, 647) 
isolates gossypol from the decorticated cotton- 
seed kernels which have been crushed by 
rollers before they are “ cooked ” in the oil mill. 
From these a considerable amount of oil is 
removed by percolation with light petroleum, 
and the residue is extracted with ether and the 
extract concentrated. The product is treated 
with acetic acid and, on keeping, crystals of 
gossypol acetate separate. To obtain gossypol 
itself, an ethereal solution of the acetate is 
treated with water and the ether distilled off. 
The gossypol thus remains suspended in the 
water as crystalline crusts. 

A second interesting method consists in adding 
aniline to an ethereal extract of cottonseed. 
The solution, after warming on the water-bath 
and standing, gradually deposits an orange- 
yellow microcrystalline precipitate which ap- 
parently consists of an aniline salt of gossypol. 
The yield is practically quantitative, and the . 
process may bo used to estimate gossypol in 
extracts of cottonseed products. To regenerate 
gossypol, the aniline compound is dissolved in 
hot alcoholic potassium hydroxide, the aniline 
removed by steam distillation, and the gossypol 
precipitated by acidifying the alkaline liquid. 

Gossypol has been examined by Clark (J. Biol. 
Chem. 1927, 75, 725 ; 1928, 76, 229 ; 77, 81 
78, 159 ; J. Amer. Chem. Soc. 1929, 51, 1475, 
1479), who isolated the substance by the method 
of Carruth (l.c.). After removal of acetic acid 
the product separated from a mixture of ether 
and light petroleum in crystalline form, m.p. 214° 
(decomp.). Analysis gave the formula C 30 H 30 O 8 . 
Gossypol yields a dioxime, m.p. 315°, and by 
acetylation a hexa-acelyl derivative, m.p. 276- 
277°, four of the acetyl groups of which are readily 
hydrolysed, whilst the remaining two are more 
resistant to attack. Gossypol thus contains 
2 carbonyl groups and 6 hydroxyl groups. 

Gossypol acetate, C 30 H 30 O 8 -C 2 H 4 O 2 , m.p. 
189-190° (decomp.), a molecular compound 
of gossypol and acetic acid, is evidently the 
substance described by Marchlewski as the free 
colouring matter. It is a comparatively stable 
substance, and when heated does not evolve 
acetic acid readily below 180°. The absorption 
curve shows maxima at 3,780 A and 2,390 A 
and a minimum at 3,220 A (Griinbaumowna and 
Marchlewski, Biochem. Z. 1936, 286, 295). 

When heated at 215°, gossypol loses 2 mols. 
of water and forms anhydrogossypol, m.p. 268° 
after softening at 229-230°. ' 

With aniline, gossypol forms a dianilide, m.p. 
302-303°, apparently a condensation product 
of 1 mol. of gossypol with 2 mols. of aniline and 
elimination of water, but not a salt of gossypol 
as Carruth (l.c.) has suggested. 

According to Karrer and Tobler (Helv. Chim. 
Acta, 1932, 15, 1204), gossypol, m.p. 199° 
yields a guinoxaline derivative, m.p. 298° (after 
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sintering and decomposition), and is thus an 
a diketone or, more probably, an o quinone 
The dihydrazone derivative, m p. about 285°, 
gives with sodium ethoxide at 180° a substance, 
Cj t H tl O ( N t , which contains the grouping 


— C:N NH, 

Two of the hydroxyl groups of gossypol titrate as 
acids, and two are resistant to hydrolysis when 
estenfied. 

Oxidation of gossypol with cold alkaline per- 
manganate yields formic, acetic and tsobutyric 
acids. The yield of the last named is approxi- 
mately one molecular proportion, and this is con- 
sidered to indicate the presence of an wobutyl 
group in the side-chain of gossypol With chromic 
acid, hexa-acetylgossypol gives a bright yellow 
substance, tetra acetylgossypolone, 

C„H„O t (OAc) 4 , 

which chars at 230°. This reaction suggests the 
removal of C 5 H 4 from, and the formation of two 
additional quinone groups m, the gossypol 
nucleus (Clark, Ic). With ozone, gossypol 
yields gossypohc acid, probably (C I1 H lt 0 4 ) 1 , 
m p 241°, which is shown by colour reactions 
to be an a hydroxy-acid Methyl methylgossy- 
polate, £C,,H,jO,(OMe) 2 lr. mp. 142°, gives 
methylgossypohc acid, m p. 225°, by hydrolysis 
(Karrer and Tobler, l c ). 

Schmid and Marguhes (Monatsh. 1935, 65, 
391 ), by catalytic reduction of gossypol, obtained 
hydrogossypol, C 30 Hj,O g , decomposing at 320°, 
which does not form an additive compound with 
acetic acid but yields a htxa acetyl derivative 
{decomp 235°) on acetylation. When distilled 
with zinc dust it gives g tsoamyln&phthalene and 
a substance containing oxygen, m p 234-238°, 
b p. 180°/12 mm By oxidation of hydro 
gossypol with alkaline peroxide, butyric acid 
is obtained together with unidentified com 
pounds 

By extracting cottonseeds with chloroform, 
Podolskaya (Biochem Z. 1936, 284, 401) isolated 
a red crystalline gossypol which differs from 
yellow gossypol in its absorption spectrum. On 
the other hand, both yield the same aniline 
derivative, and the red pigment changes to the 
yellow m alcoholic solution It is suggested 
that the red colouring matter is present in the 
seed, and is changed to the yellow under the 
inflnenco of reagents. 

opoGossypol. — By heating gossypol with 
40% sodium hydroxide at 100°, apo gossypol, 
C la Hj 0 O., is obtained together with formic 
acid resulting from the elimination of the 2 
carbonyl groups originally present. opoGossypol 
Is considerably less toxic than gossypol. It 
yields a hexamelhyl ether, m p. 259°, and a htxa 
acetyl derivative, m.p. 291°. 

Oxidation of hexa-acetylapogossypol in acetic 
acid with chromic acid yields tetra acetyl apo- 
gossypolone, C }l H,,0j(0 Ac) 4 , m.p. 230°. apo- 
Gossypol hexamethyl ether is oxidised in a 
similar manner to yellow qossypolone tetra - 
methyl ether, C M H„0 4 (0Me) 4 , m.p 210°. 
This change is considered to involve the for- 


mation of 4 quinone groups without loss of 
carbon from the apogossypol skeleton. 

B- and C-Gossypols. — When gossypol is 
heated to 186-190° it fuses with the evolution 
of vapour, and then solidifies to a black mass 
On treating the residue with ether, a sparingly 
soluble yellow crystalline compound, B-gossypol , 
separates, which is much less toxic than gossypol 
and melts at about 246-248°. Again, by fusion 
with alkab, a second new crystalline substance, 
C -gossypol, can be obtained, and this, which ii 
soluble in alkalis with a blue colour, is probable 
closely related to the purple oxidation product 
of gossypol referred to above. 

D-Gossypol . — Cotton seed meal which has 
been submitted to the “ cookmg process ” loses 
much of its toxic property, and then contains 
practically no gossypol. By extracting this 
product with aniline, the aniline compound of 
D-gossypol can be isolated (yield, ] 2%) 
Alcoholic potash converts this substance into 
D-gossypol, yellow crystals which darken and 
soften at about 256° (Carruth, l e.). 

Sherwood (J. Agric. Res. 1926, 32, 793) 
observes that during the manufacture of cotton- 
seed meals 75% or more of the gossypol present 
is converted into the less toxio D gossypol, 
and this he suggests is a hydrolysis product of 
the unstable gossypol According to Gallup 
(Ind Eng. Chem 1927, 20, 59), the extent to 
which gossypol is converted into D gossypol 
depends on temperature, time of heating, and 
amount of water present. Continued heating, 
especially in the presence of water, destroys the 
D-gossypol, finally giving a product free from 
both forms of gossypol and almost non toxic 

According to Clark (1 e.), D gossypol yields 
diamlinogossypol with aniline. 

A. G. P. and E. J. C. 

COTTONSEED OIL, an important by- 
product of the cotton industry is prepared 
on an enormous scale from the seeds of the 
several species of the cotton plant, Oossypium sp , 
which grows wild as a perennial shrub in the 
tropics, and is extensively cultivated (as an 
annual crop) for the sake of the fibre in hot but 
non-tropical regions m many parts of the world 
In the United States the “ Upland cotton," 
O hirsvtum L , m which the seed is covered with 
a short fuzzy down {" haters ”)ia addition to the 
longer cotton fibre, is cultivated, whereas in the 
Sea Islands and Egypt, O. barbadense is grown, 
which furnishes “ naked ” or “ bald " seeds, 
from which all the cotton fibro (lint) can readily - 
be stripped. The Indian and Asiatic varieties 
of cotton include the ill-defined specie* 
O. herbaceum, O. arboreum, O. indicum and 
O. tuglecium, whilst the indigenous Sooth 
American cotton plants are frequently classified 
as separate species O. acuminatum (= O , yery- 
rronum Cav.) and O. brasiliense Macf. (“0. 
peruvtanum Engl.). Whilst the native cotton* 
yield almost naked seeds, fuzzy seeds from 
cultivated varieties of “ Upland ” cotton are 
also exported from Brazil. 

For classification of the cottons, see Watt, 
“Wild and Cultivated Cotton Plants of the 
World," 1907 ; Kew Bull. 1926, No, 6, 193; 
1027, No. 8, 321 ; J. B. Hutchinson, Mem- 
Cotton Res. Stat. Tnnidad, Ser. A (Genetic*), 
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No. 12, 1935 ; T. H. Kearney and G. J. Harrison, 
J. Agric. Ees. 1928, 37, No. 8, 465 ; H. B. 
Brown, “ Cotton,” 1927 ; Angelasto, Boyle, 
Meloy and Stine, “ The Cotton Situation,” 
U.S. Dept. Agric. Year Book 1921, 323). 

In this country, 1 cottonseed appears to have 
been first expressed in 1847, and refined edible 
cottonseed oil was being, produced in France, 
from Egyptian seed, in the middle of the nine- 
teenth century. In the United States, however, 
the development of the industry, hampered as 
it was by the lack of proper methods for decorti- 
cating the seed and for refining the oil, and 
further checked by the Civil War, was very 
slow ; prior to 1860 practically the whole of 
the seed not required for planting was wasted, 
and although numerous attempts at oil produc- 
tion were made from 1820 onwards, the com- 
mercial establishment of the cottonseed industry 
in America and its rapid progress may be said 
to date only from as late as 1867-1870. (For 
the early history of the cottonseed industry, cf. 
Lambom, “ Cotton Seed Products,” New York, 
1904.) Since then, and especially within the 
present century, the industry has expanded to 
such enormous dimensions that the United States, 
which formerly exported large quantities of 
cottonseed oil to Great Britain and Europe, now 
not only consumes internally the whole of her 
vast crop of over 3—4 million tons p.a. of seed 
(equivalent to about 510,000-700,000 tons of 
oil), but imports in addition a considerable 
amount of cottonseed oil (57,000 and 86,600 tons 
in 1936 and 1937 respectively) from the United 
Kingdom (from one-third to one-fifth of the 
total), Japan, Brazil and Egypt. The annual 
import of cottonseed into the United Kingdom 
(chiefly from Egypt, Sudan and British East 
Africa, and Brazil) amounts to some 600,000- 
700,000 tons, and the export of oil to some 
23,000-40,000 tons. India, which was formerly 
an important supplier of seed to this country, 
has ceased to export seed since about 1932, the 
whole crop (c. 2,000,000 tons p.a.) being con- 
sumed locally and only the expressed cake being 
exported. Large quantities of cottonseed are 
also grown (chiefly for local use) in South Russia 
(c. 850,000 tons p.a. from 1931-1934) and China 
(c. 1,250,000 tons p.a.). 

About 1,000 lb. of seed are obtained per bale 
(500 lb.) of cotton fibre produced. The seed 
consists of about 40-55% of shell (“ hull ”) and 
45-60% of kernel, and contains as a rule from 
6 to 12% of water, 15 to 25% of oil, 19 to 24% 
of proteins, 24 to 31% of carbohydrates, 14 
to 21% of crude fibre, and 3 to 4-5% of ash. 
The proportion of oil varies with the origin of 
tho seed as well as with local climatic conditions ; 
thus on the average, whilst Egyptian seed con- 
tains up to 24% of oil and South American seed 
from 20 to 21%, East Indian seed averages 
about 18% and American seed about 19-5% of 
oil. For commercial statistics, the oil equivalent 
of cottonseed is taken as 17 or 18%. 

A distinction must be made in practice 
between the “ naked ” or “ bald ” seed from 

1 As early as 1783-1789 a prize was offered by the 
Society of Arts of London for a satisfactory process 
for the preparation of oil and cattle-cake from cotton- 
seed, but this was never claimed. 


Egypt, etc., which is processed in England, 
France, etc., and can be crushed and expressed 
directly, and the seed from the “ fuzzy ” varieties 
of cotton which need to be decorticated before 
expression, since, even after g inn i n g and delint- 
ing, the seed-hulls retain a fuzzy coating of 
short fibres, the presence of which in the seed- 
cake would be undesirable. After removing as 
much as possible of this “ linters ” (which is 
used in the manufacture of 'guncotton, paper 
and other cellulose derivatives) in gin-like 
“ delinting ” machines, the seeds are passed 
through “ hollers ” in order to crack the hulls, 
which can then be separated from the kernels 
or “ meats ” by sifting through shaker screens. 
Chemical methods of removing the linters, 
e.g. by treatment with acid fumes (see Ardashev, 
Ind. Eng. C.hem. 1933, 25, 575 ; Ardashev and 
others, Cotton Ind. Trust, U.S.S.R., Coll. Papers, 
1933, No. 1, 38, 40, 55, 83), are less frequently 
resorted to except for analytical purposes. 
The “ meats,” or in the case of the “ bald ” 
varieties the whole seeds, are then crushed 
and “ cooked ” (i.e. heated in the presence of 
open steam) before expressing the oil in hydraulic 
presses. Both the Anglo-American and the cage- 
type of press are commonly employed, but, of 
recent years, the continuous-acting expeller 
type of press has also been employed in the 
United States ; such “ expeller oil ” is still 
frequently denoted by the misleading term 
“ cold-pressed oil,” although, in fact, the crushed 
seed is nowadays steamed and pre-heated before 
being passed into the expeller. 

The extraction of the oil from the seed by 
means of solvents has also been proposed (see 
D. Wesson, Oil and Fat Ind. 1933, 10, 151 ; do 
Raedt, Mat. Grasses, 1935, 10673). 

Any “ foots ” or fragments of crushed seed- 
meal are separated or filtered off from the oil 
before storage for sale as “ crude cottonseed 
oil.” The separated “ hulls ” may be used 
as bedding for cattle, as a fertiliser, or as fuel ; 
according to Jamieson (“ Vegetable Fats and 
Oils,” A.C.S. Monograph, 1932 ; cf. Kress, 
Cotton Oil Press, 1930, 3, No. 12, 33) increasing 
quantities,, after removal- of the “hull-fibre” 
(linters) in speoial machines, are ground to make 
“ hull-hran,’’ which is added to the expressed 
seed-cake intended for use as cattle-food. 
Proposals have also been made to work up the 
hulls by destructive distillation (see Randolph, 
Grove and Tucker, J. Elisha Mitchell Sci. Soc. 
1932, 48, 26) or for the recovery of pentosans, 
furfural, etc. (see Zakoshikov, Ivanova and 
Kurennova, Cotton Ind. Trust, U.S.S.R., Coll. 
Papers, 1933, No. 1, 87 ; Zukervanik and others. 
Bull. Univ. Asie Centr. 1935, No. 21, 69 ; Kao 
and Yii, J. Chem. Eng. China, 1936, 3, 
331). 

Expressed cottonseed cake (or meal) serves as 
a valuable ingredient of cattle-food, whilst 
inferior grades are employed as fertiliser ; the 
use of cottonseed meal for human consumption 
has been suggested (see Wesson, Oil and Fat Ind. 
1926, 3, 121 ; Baumgarten, Cottonseed Oil 
Mag. 1924, 40, No. 10, 28). 

Standard methods for the analysis and evalua- 
tion of cottonseed, including determinations of 
oil, nitrogen, etc., have been published by the 
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Amer. Oil Chem. Assoc. (Standard Methods of 
Analysis) ; U S. Dept. Agnc., Service and Reg. 
Announcements. Bur. Agr. Economics, No. 133, 
1032 ; Assoc, of Off. Agnc. Chem. (Official and 
Tentative Methods of Analysis); tee Jamieson 
and McKinney, Oil and Fat Ind. 1930, 7,291 ; 
Meloy, i bid. 135; 1031, 8, 187; for the deter- 
mination nf " lint " and “ hull fibre,” see also 
Freyer, Oil and Soap, 1935, 12, 208, 259; 
McKinney and Jamieson, ibid. 1936, 13, 139. 

Raw cottonseed kernels are studded with 
cells containing a deep red brown colouring 
matter, with which is associated a highly toxic 
phenolic substance “ gossypol," C^HsoOj (see 
Cottojt Seed, Colouring Matter of) 

Some of this toxic material, which occurs to 
the extent of about 0 4-1-2% of the kernel (see 
Schwartze and Alsberg, J. Agnc. Res. 1923, 25, 
285; Gallup, Oil S. Soap, 1936,13, 191), may 
pass into the oil, if this is really expressed in the 
cold ; however, under the action of moist heat, 
incidental to the “ cooking ” process in com- 
mercial od recovery, the gossypol appears to 
combine with the seed proteins and is converted 
into a harmless substance known as “ bound 
gossypol '* or “ D gossypol," so that the 
industrial press cake, if properly prepared, 
should not possess any toxic properties (see 
Clark, J. Biol Chem 1928, 76, 229, Oil and Fat 
Ind. 1928, (5), 237 ; 1029, 6, No. 7, 15 , Menaul, 
J. Ague Res. 1923, 26, 233 ; Oil and Fat Ind 
1928, 6, 333. N.B — The ill effects occasionally 
observed to arise from the over feeding of cattle 
on cottonseed meal, which were formerly attn- 
buted to the action of gossypol, are now con- 
sidered ter be, m large part at least, due to the 
lack of certain proteins and other dietary 
factors in the meal, and can he remedied by 
the addition of appropriate food supplements 
to the feed (see Clark, l e. ; Gallup and Reder, 
J. Agnc. Res. 1935, 51, 259; 1936, 52, 65) ; for 
the determination of total and " bound " 
gossypol in cottonseed meal, see J. O. Halverson 
and Smith, Ind. Eng. Chem, [Anal] , 1933, 5, 
319; 1034,6,356; 1937,9,516. 

Correspondingly, only traces of the order of 
0 05% of gossypol (1 " bound " gossj pol) are to 
he found m commercial hot-pressed crude cotton- 
seed oil see Royce, Oil and Soap, 1933, 10, 
183 ; 1934, II, 116) ; larger amounts (up to 
1%) have been found in expeller-pressed and in 
solvent-extracted oils. However, any gossypol 
present in the crude oil is completely removed 
during the normal refining treatment with 
alkali. 

Owing to the presence of the colouring matters 
(which include plant -pigments and resins, see 
Jamieson, Oil and Fat Ind. 1925, 2, 101 ; 
Thornton, jun , ibid. 1934, 11, 209), crude cotton- 
seed oil has a ruby-red to almost black colour, 
the depth of the colour depending in the first 
instance upon the freshness of the seed. Seed 
that has been stored for a long period may under- 
go deterioration (“ heating ”), which is reflected 
in the inferior quality of the oil obtained there- 
from. Crude cottonseed oil is valued and 
graded according to its flavour, acidity, refining 
loss, and the quality of the refined oil producible 
from it ; in the American trade, 6 grades from 
" Prime ” to “ Low-Grade " in addition to 


" Extracted ” and “ Cold-Pressed " (i t. ex- 
pell er-) oils are recognised (see “ Book of Rules " 
of the National Cottonseed Products Assoc) 
Standard methods for the examination of crude 
cottonseed oils, including determination of 
“ refining loss ” and the behaviour in bleaching 
tests are issued by the above body ; ef. also 
Official Methods of the Amer. Oil Chemists’ 
Society. The usual determination of “ refining 
loss” has been modified by McLeod (Oil and 
Soap, 1 936, 13, 67) in order to render it applicable 
to the examination of English pressed oils. 

The crude oil is refined by treatment with 
dilute caustic soda at a temperature not ex 
ceeding 120°F. (49 9 C.), whereby the free fatty 
acids are neutralised, and the soap formed 
(“ soap stock ”) falls to the bottom of the 
vessel, carrying with it the brown colouring 
matter and other impurities, so that the super- 
natant neutral oil is of a bright yellow colour 
This oil, which is washed to remove traces of 
soap, is known as “ summer yellow oil,” and 
may be bleached with adsorbent earths and 
deodorised as required. Oils intended for 
technical purposes may be treated with chemical 
bleaching agents. 

The best qualities of refined oil, which hava 
not been bleached with chemicals, are consumed 
in enormous quantities for edible purpose*; 
thus it is estimated (Jamieson) that of the total 
production of cottonseed oil in the United States, 
16% is employed as a salad or cooking oil, 2% 
for margarine manufacture, and 70% (much of 
it after hardening by catalytic hydrogenation) 
in the manufacture of shortenings (lard sub- 
stitutes) ; the balance of 12% of technical oil, 
and also the fatty acids recovered by working up 
the “ soap stock,” are chiefly utilised in the 
manufacture of various types of soap and soap- 
powders. The Indian and Egyptian cottonseed 
01 I 3 are used to a greater extent in BOap-nialung 

By the destructive distillation of cottonseed 
oil combustible gases and hydrocarbon oils tan 
be produced ( see Egloff, Ind. Eng Chem 1932, 
24, 1426 ; Martin, Bull. Mat. Grasses, 1932, 16, 
97), and it is possible that the application of 
such processing to low-grade crude oils, or to 
cottonseed itself, may have a certain commercial 
significance in remote districts, such as Central 
Africa, where imported petroleum products ar* 
abnormally expensive. 

Refined cottonseed oil (“ eummer oil ”) w> 
ordinary temperatures, a pale yellow oil of 
characteristic but not unpleasant flavour; on 
standing at about 12°C. a deposit of “ stearin," 
» e. higher melting glycerides, is formed. As this 
“ stearin " would be objectionable in the css* 
of oils intended for use as table or salad oils, it is 
removed on the large scale by chilling the ou 
to a low temperature (5“C. or lower) and filtering 
off the deposited glycerides ; the filtered od, 
known in commerce as “ winter oil ” (" demsr- 
garinated "or “ destearmated ” oil), is required 
to remain clear and bright when kept at a 
temperature of 0°C. for 5} hours ; the discarded 
** stearin ” is used in the manufacture of 
shortenings. Tbo specific gravity of refined 
summer cottonseed oil ranges from 0 923 to 
0 925 at 15 5°C. 5 the saponification value vsnei 
from 190 to 196 and the iodine value from 103 
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to 115 ; about 1% of unsaponifiable matter is 
present. On the whole, the oil from Egyptian 
seed tends to have a lower density and iodine 
value than the North American product 
(see Jamieson and Baughman, J. Amer. Chem. 
Soc. 1920, 42, 1197 ; Oil and Fat. Ind. 1920, 
3, 347 ; 1927, 4, 131 ; Perdrigeat, J. Pharm. 
Chim. 1930, [viii], 12, 307) ; thiocyanogen values 
of 63-64-8 are recorded for three Egyptian oils by 
Atkinson (Analyst, 1934, 59, 399). Analyses 
of cottonseed oils by Jamieson and Baughman 
(l.c. 1927) and Hilditch (Hilditch and Rhend, 
J.S.C.I. 1932, 51, 200T ; Hilditch and Jones, 
ibid. 202) show that the fatty acids of cottonseed 
oil contain from 19 to 22% of palmitic acid, 
24 to 34% of oleic acid, and 39 to 50% of linoleic 
acid ; only from 1-5 to 2-5% of stearic acid is 
present together with small amounts (0-5-3%) 
of myristic acid (?) and arachidic acid «1%). 
Practically the whole of the palmitic acid is 
associated with unsaturated fatty acids in 
mixed glycerides, only about 1-5% of fully 
saturated glycerides being present ; the balance 
of the oil appears to consist of about 60% of 
mono-palmito-glycerides, 15% of di-palmito- 
glycerides, and 24% of mixed triglycerides of 
oleic and linolic acids (Hilditch and Jones, 
J.S.C.I. 1934, 53, 13T). S. Ueno and Iwai 
(J. Soc. Chem. Ind. Japan, 1935, 38, Suppl. 602) 
report the following composition for the fatty 
acids in a sample of fully hydrogenated cotton- 
seed oil : myristic acid, trace : palmitic acid, 
17%; stearic acid, 76%; higher saturated 
acids (arachidic acid), 7%. 

Besides the sterols (unsaponifiable matter, 
which includes /3-sitosterol, stigmastanol and 
waxy matter, see E. S. Wallis and Chakravorty, 
J. Org. Chem. 1937, 2, 335 ; Anderson and 
Moore, .T. Amer. Chem. Soc. 1933, 45, 1944), 
traces of plant pigments (flavono derivatives), 
and phospholipins are also present in the refined 
oil ; these occur in greater amount in crude 
cottonseed oil, together with a number of other 
minor components — raffinose, pentosans, pro- 
teoses, peptones, phytosterolins, inosite phos- 
phates, etc. (Jamieson and Baughman, J. Oil 
and Fat. Ind. 1924, 1, 31 ; 1925, 2, 101 ; 1926, 
3, 153, 347) ; a small but bulky precipitate 
(known as “ settlings ”) which occasionally 
settles out from a filtered crude oil consists 
of a mixture of such adventitious “ im- 
purities.” 

Cottonseed oil typifies a semi-drying oil : in 
the Livacho test it absorbs 6-9% of oxygen in 
24 hours. By blowing air through cottonseed 
oil at a temperature of 90-100°C., oxygen is 
absorbed with the formation of a small amount 
of “ oxidised acids,” while the acetyl value, 
viscosity, and density rise considerably. This 
reaction can ho applied on the large scale to the 
preparation of blown cottonseed oil which was 
formerly used to a considerable extent in 
admixture with mineral oil to form lubricating 
oils of the marine oil type. 

As stated above, hydrogenated (hardened) 
cottonseed oil is used to an enormous extent as 
an ingredient of shortenings. 

For the identification of cottonseed oil, and 
for the detection of it in other oils and fats 
(down to 1% in favourable circumstances), the 


Halphen colour test 1 is most useful, this test 
is usually carried out as follows : 1-3 c.c. of 
the oil is dissolved in an equal volume of amyl 
alcohol ; 1-3 c.c. of a 1% solution of flowers of 
sulphur in carbon disulphide is added, and the 
test-tube is immersed in boiling water (or, better, 
boiling brine) ; the heating is continued for 2 
hours or until a red coloration, indicating the 
presence of cottonseed oil, appears (usually 
within 20-30 minutes) ; the intensity of the 
colour depends in the first instance upon the 
proportion of cottonseed oil in the sample, but 
also varies somewhat with different specimens of 
this oil. The reagent which produces the colour 
appears to be an impurity in the amyl alcohol 
(Gastaldi), and the test may be rendered more 
delicate by replacing this solvent by pyridine ; 
in this way, it is claimed that 0-25% of cotton- 
seed oil may be detected (Gastaldi, Annali Chim. 
Appl. 1914, 2, 203 ; Pieraerts and Simar, Mat. 
Grasses, 1928, 8222, 8312; see “German 
Standard Methods for the Analysis of Oils and 
Fats ” (Wizoeff). According to Shelley (Analyst, 
1925, 50, 132 ; see Gastaldi, l.c . ; “ British 
Pharmacopoeia,” 1932) betterresults are obtained 
with the original Halphen reaction if the test- 
tube is sealed before heating. Although the 
Halphen test cannot be used for quantitative 
analysis, it must be considered, if positive, as one 
of the best means for the qualitative detection of 
cottonseed oil; a negative result, however, is 
no conclusive proof of the absence of this oil in 
a mixture, as the colour-producing constituent 
may be destroyed by heating or blowing the oil, 
or even by rancidification on prolonged storage ; 
the test may also fail with hydrogenated cotton- 
seed oils. 

E. L. 

COUCH GRASS. Associated in couch 
grass with triticin (a carbohydrate resembling 
inulin) are dextrose, mucilage, mannitol, and 
inositol) (v. AgkoFybtjm). 

COUMARANE. Coumarano, or hydro- 
coumarone, is prepared by reducing eoumarone 
in alcoholic solution with sodium (Alexander, 
Ber. 1892, 25, 2409). It forms a colourless 
oil, b.p. 188-189°, and gives in sulphuric 
acid by addition of ferric chloride a violet 
coloration. 




c 6 h 4 ^ ^ch 

CH 

Coumarone. 


^CH 2 

CH 2 

Coumarane. 


1 Actually, this test Is not specific for cottonseed oil, 
as the seed oils from most plants of the family Malvacea;, 
and of certain allied families of the cohort Malvaks 
(Bombacacete, Tiliacece, etc.) give positive reactions 
of greater or less intensity (see S. Ivanov, Ber. deut. 
pharm. Ges., 1927, 45, 588 ; Pieraerts, Mat. Grasses, 1927, 
7980). Of such oils, however, only kapok oil (which 
is not yet Imported into America) is of any commercial 
importance. According to Melenbacher (Oil and Soap, 
1936, 13, 136) the presence of kapok oil may be detected 
by a characteristic turbidity which is formed when a 
chloroform solution containing kapok oil iB treated with 
alcoholic silver nitrate. It may be noted, also, that 
the body-fat (e.g. lard) from animals which have 
been fed on cottonseed cake may give a weak positive 
Halphen reaction : in such a case, the suspected 
presence of cottonseed oil must be confirmed by the 
phytostcryl acetate test. 
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COUMARIN, 


Cc. 


CH 

*%CH 


was obtained by Vogel (Gilb. Ann. 1820, 64, 163) 
from the tonka bean, from melilot, and from 
woodruff but was mistaken for benzoic acid. 
It was first recognised H3 a distinct substance 
by Guibort, who gave it the name coumann 
It is a normal constituent of lavender oil and 
is very widely distributed in the plant kingdom 
(Gildemeister and Hoffman, " Hie Sthenscben 
Ole,” 1928, Vol. I, p. 652). It occurs m plants 
as a glucoside which is hydrolysed by an enzyme 
present in the plant , for its determination in 
plants, set Dnnean and Dustman, Ind Eng. 
Chem. (Anal ], 1934, 6, 210. 

It is prepared from tonka beans with 80% 
alcohol, followed by precipitation with water 
(lVbhlcr, Annalen, 1856, 98, 66} ; it may also 
conveniently be extracted from melilot (Ober- 
mayer, Z. anal. Chem 1913, 52, 185) 

It was first prepared synthetically by Perkin 
by heating the sodio derivative of sabcylaldehyde 
with acetic anhydride ( J C 8. 1868, 21, 63) or, 
better, by boiling together sabcylaldehyde, 
acetio anhydride and anhydrous sodium acetate 
( idem , ibid 1897, 51, 383 , see Tiemann and 
Hertfeld, Ber. 1877, 10, 284). Yanagisawa and 
Kond6 (J. Pbarn Soc Japan, 1921, 498} have 
described an improved method, using iodine os 
a catalyst, which » claimed to give a 70% yield 
Perkin's method is that moat frequently used 
for the technical production of coumann. A 
variant of the process consists in the treatment 
of sabcylaldehyde with acetic anhydride at 180° 
(Reychier, Bull. Soc chim. 1897, [in], 17, 516). 

Another method used commercially is the 
condensation of sabcylaldehyde with malomc 
acid in acetic acid, followed by decarboxylation 
by heating the coumann 3 carboxylic acid 
formed (Stuart, J.C S. 1880, 49, 367). 

Coumann is also formed by heating a mixture 
of phenol and make acid with sulphuric acid or 
zinc chloride (von Fechmann, Her. 1883, 16, 
2119 ; 1884, 17, 029, 1649) , this may be ex 

phenol homologues being employed ( see Bailey 
and Boettner, Ind Eng Chem. 1921, 13, 905) 
The most important method of obtaining 
substituted coumanns is by the condensation of 
phenols with ethyl acetoacetate or its alkyl 
derivatives in the prcsenco of sulphuric acid ; 
thus, phenol and ethyl acetoacetate yield 4 
methylcoumarin (von Pechmann and Duisbcrg, 
Ber. 1883, 16, 2127 ; von Pechmann and von 
Krafft, ibid. 1901, 34, 421 , Peters and Simoms, 
ibid. 1008, 41, 831). Phenols containing alkyl, 
hydroxyl, or dialkylammo groups in tho m- or 
2:4- positions give good yields in the reaction, 
but condensation is prevented by the presence 
of mtro, carbotj 1 or carbethoxy groups (Clayton, 
J.C.S. 1908, 83, 2018). Phosphoric acid is said 
to be superior to Btilphurie acid as a catalyst 
for this reaction (Chakravartt, J. Indian Chem. 
Soc. 1931, 8, 619 ; 1935, 12, 536) while ethyl 
atcohobo hydrogen chloride brings about con- 


densation in good yield when the orduuir 
method fads (Appel, J.C.S. 1935, 1031). 1 

Coumann forms rhombic crystals, np. "O’ 
bp. 291°. It has a pleasant aromstic%dotir 
and is sparingly soluble in hot water, resdjr 
soluble in boding water, and very soluble n 
alcohol and ether. Crude coumann may be 
purified by repeated crystalbsation from light 
petroleum (Claassen, Pharm. J. 1897, 4. 181) 

Hot concentrated alkaha convert coumann 
into salt3 of coumano acid (cn-o hydroxy 
cinnamic acid) from which coumann is re formal 
by heating with acetic anhydride. Reduction 
of coumann with sodium amalgam in water oi 
alcohol or with line and sodium hydroxide 
yields mehlotic acid (Zwenger, Annalen SuppL 
1867,5, 122 j 1872,8,32 ; Fries end Fickewirth 
Annalen, 190S, 362, 30, 35). On nitration 6 
nitrocoumann is the principal product (Deb 
lande, ibid 1842, 45, 337 ; Morgan tad 
MickJethwait, J.C S. 1904, 85, 1233) together 
with a small amount of 8 nitrocoumann (Dey 
and Krishnamurthi, J. Indian Chem. Soc. 1927, 
4, 197). Sulphonation yields, first, coumann 6 
sulphonic acid and then the 3:6-djsu]pbonicacid 
(Perkin, J.C S. 1871, 24, 52 ; Sen and Chakra 
vorti, J. Indian Chem. Soc. 1928, 5, 433) 

The mercuration of coumanns has been 
studied by a number of workers (Sen and 
Chakravarti, ibid. 1029,6,847 ; Naik and Patel, 
JCS 1934,1043; Chakravarti, J. Indian Chem 
Soc 1935, 12, 139) and the introduction of 
arsenic into the coumann nucleus by Cowl® 
and Das Gupta (ibid. 1931, 8, 417). 

Sodium bisulphite xeacta with coumaiins to 
give {} sulphonic acids (Dodge, J. Amer. Chem 
Soc. 1916, 38, 448 ; 1930, 52, 1724 ; Dey «4 
Row, J.C.S. 1924, 125, 554), a reaction that bu 
successfully been applied for the determination 
of coumann (Radchffe and Sharpies, Perf. and 
Essent. Oil Rec. 1924, 15, 396, 437 ; 1925, 16. 
20 el teg ). 

In Germany, woodruff is steeped in white 
wine, to which it imparts the pleasant aroma of 
coumann ( ilaiwem , Maitrank). Instead of 
woodruff, on alcoholic solution of coumarin » 
employed for the same purpose (see Simonis, 
“ Die Cumanne," 1016, p. 69). In large doflfi 
coumann is said to have a narcotic action. 

Qtmauurn. baa Mia. ‘ugn&nhl/t nd/uv. nC owjcnua 
and is used in perfumery for the preparation 
of asperula essence. It is also frequently used 
to adulterate vanilla extract. For its deter 
mination in vanilla essence, see IVinton aai 
Silverman, J. Amer. Chem. Soc. 1902, 24, 1128 i 
Wanton and Bailey, ilid. 1905, 27, 719. 

H. N. Ik 

COUMARIN GLYCOSIDES. Coumann 



which has itself no free hydroxyl group, *xu'J 
in glucoside form as o-coumaric acid glucoitae. 
known as mehlolin, 

CjH n O s -O C e H 4 CH-.CH CO,H, 
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The agluoones of the hydroxy coumarin gluco- 
sides are : 

Skimmin . . 7-hydroxycoumarin. 

/. Ksculin . . 6 : 7-dihydroxycoumarin. 

Cichorin . . 6: 7-dihydroxycoumarin. 

Daphnin . . 7:8-dihydroxycoumarin. 

Scopolin . . 6-methylseaculetin. 

Fabiatrin . . 6-methylaesculetin. 

Fraxin . . . 6-methoxy-7: 8-dihydroxy - 

coumarin. 

Skimmin has the glucose attached at position 
7, as also has daphnin. In aesculin it is at 
position 6 (Head and Robertson, J.C.S. 1930, 
2434), in cichorin at position 7 (Merz. Arch. 
Pharm. 1932, 270, 476), and in fraxin at 8 
(Wessely and Demme r, Ber. 1928, 61, [B], 
1279 ; 1929, 62, [B], 120). Scopolin contains 
two glucose residues, fabiatrin only one. 

E. F. A. 

COUMARONE, 2:3-benzfuran, 



occurs in the coal-tar fraction of b.p. 165-175°. 
After removing pyridine bases and phenols by 
treatment with acid and alkali, the oil is treated 
with bromine at 0°, and the dibromide thus 
obtained reduced to coumarone with alcoholic 
potash and sodium amalgam (Kraemer and 
Spilker, Ber. 1890, 23, 78 ; Burda and Sukat- 
scheva, Ukrain. Chem. J. 1931, 6, [Sci.], 169). 
It may also be obtained from this source by 
adding picric acid to the oil, when coumarone 
picrate crystallises out. This is separated, 
decomposed with hot water or dilute alkali, and 
the coumarone obtained by steam distillation. 
The picric acid is recovered and used for another 
operation (G.P. 53792 ; B.P. 1422, 1890). 
It may be separated from accompanying indene 
by condensation of this with ethyl oxalate 
(Thiele, Ber. 1900, 33, 3400). 

It is obtained synthetically by heating o- 
hydroxy-cu-chlorostyr'ene with caustic potash 
(Komppa, Ber. 1893, 26, 2971), by heating 
phenoxyacetaldehyde with zinc chloride in 
acetic acid (Stoermer, Annalen, 1900, 312, 261), 
and by heating phenoxyacetaldehyde diethyl- 
acetal with anhydrous oxalic acid (Stoermer, Z.c.). 

Coumarone is a colourless oil of aromatic 
odour, b.p. 173-175°/760 mm., 62-63°/15 mm., 
df 7 1-0913, a" 7 1-5645, and is insoluble in 
water but soluble in alcohol and ether. It 
may be characterised by means of its picrate, 
m.p. 102-103°, and l:3:5-trinitrobenzene 
derivative, m.p. 104°. It is stable to alkalis, 
ammonia, potassium cyanide and hydrochloric 
acid but yields a series of polymers with sul- 
phuric acid (u. Coumarone Resins). The coal- 
tar fraction, b.p. 185-195°, contains methyl- 
coumarones (Stoermer and Boes, Ber. 1900, 33, 
3013). 

H. N. R. 

COUMARONE RESINS. Kraemer and 
Spilker (Ber. 1900, 33, 2257 ; 1901, 34, 1887) 
found that coumarone was polymerised by 
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treatment with sulphuric acid ; Heusler (Z. 
angew. Chem. 1896, 9, 318) found that alumin- 
ium chloride had a similar action, and Stein 
1 ibid . 1919, 32, 246) showed that stannic chloride 
was also an efficient catalyst for this polymeri- 
sation. 

Technical coumarone resins are mixtures of 
coumarone and indene polymers obtained by 
treatment of coal-tar naphtha of b.p. 150-200° 
with suitable catalysts, notably sulphuric acid. 
Ellis and Rabinovitz (Ind. Eng. Chem. 1916, 8, 
797) made a thorough study of this process and 
concluded that sulphuric acid was the most 
effective catalyst ; ferric chloride or aluminium 
chloride (G.P. 446707) and fuller’s earth mixed 
with ferric sulphate (U.S.P. 1894934) have also 
been claimed to be effective catalysts, while 
according to Bojanowski, Gizihski and Rabek 
(Przemysl Chem. 1934, 18, 321) almost colourless 
resins are obtained by using a mixture of sul- 
phuric acid, acetic acid and water in the ratio 
15 : 4 : 1. For discussions of the technical pro- 
cedure, see Marcusson, Chem.-Ztg. 1919, 43, 
93, and Glaser, Brennstoff-Chem. 1921, 2, 99, 
113. 

The best quality coumarone resins are pale 
amber solids melting above 130°. They are 
classified according to colour and hardness ; 
resins softening above 50° are termed “ very 
hard,” between 40° and 50° “ hard,” and 
between 30° and 40° “ medium hard.” For 
methods for their examination, see Marcusson, 
Chem.-Ztg. 1919, 43, 109. Coumarone resins 
differ from many other resins in that they are 
neutral and unsaponifiable ; although somewhat 
unsaturated they are unaffected by most re- 
agents ; on heating above 300° they undergo 
partial depolymerisation. Technically, they 
find wide application, being especially useful in 
the manufacture of varnishes, printing inks, 
waterproofing materials, rubber compositions 
and chewing gum. For a complete review of the 
chemistry and application of coumarone resins, 
see Ellis, “ The Chemistry of Synthetic Resins,” 
1935, Vol. I, ch. 5-7. 

H. N. R. 

COVELLINE or COVELLITE. Native 
cupric sulphide, CuS, crystallising in the hexa- 
gonal system. Crystals are rare and have the 
form of thin six-sided plates. Fine large crystais 
have been found at Butte in Montana-. The 
mineral has a characteristic indigo-blue colour, 
hence the name indigo-copper (Ger. Kupferindigo). 
It occurs in most copper-mines as a blue, earthy 
coating on other sulphide ores of copper, and 
is sometimes found in sufficient quantity to 
be of importance as an ore, e.g. at Butte in 
Montana, and Copiapo in Chile. Covellite con- 
taining platinum (as the mineral sperrylite, 
PtAs 2 ) is mined in the Medicine Bow Mountains 
in Wyoming. 

L. J. S. 

COW PEA or CHINA BEAN. The seed 
of the legume Vigna sinensis (L.) End], (or 
Doltchos sinensis, L.), are variously coloured, 
approximately J in. long, and are formed in 
long narrow pods often more than a foot in 
length. The peas are eaten as a vegetable, 
either green or dry, and the whole plant serves 
as a forage crop for cattle. 
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Analyses of the heans average : 


Edible D S Dept. Ehodes'an 
green Agric. Dept, 
beans. (1906). A eric. (1934) 


Water . . 

Protein 
Pat . . . 

N-freo extract 
Fibre . . 

Ash . 


— 4-1 


1-4 


32 


34 


According to Osborne and Campbell (J. Amer. 
Chem. Soc. 1897, 19, 494) the protein consti- 
tuents of the cow pea include 3 globulins: 
(i) Vignin, the major constituent (C 62 6, 
N 17 3, S 0 5%) ; (u) pkoseohrs. (C 52 3, N 16 7, 
S 0 6%) ; and (in) a soluble globulin (C 53 2, 
N 16 4, S 1-1%). 

Osborne and Heyl (Amer. J. Physiol. 1908, 22, 
362) found the products of hydrolysis of ugmn 
to be: 


0 00 Phenylalanine 
0 78 Protine . 

0 29 Tryptophan 
6 73 Arginine . 

, 2 94 Lysine . 

, 12 84 Histidine 
2 03 Ammonia 


4-41 
. + 
6 04 
3 77 
2 71 
2 18 


Gly cocoll. 

Alanine . 

Valine 
Leucine 
Aspartic acid 
Glutamic acid 
Tyrosine . . 

Jones el al (J. Biol Chem, 1924, 62, 183) show 
vignin to contain cystine 0 52% and tiyptophan 
1-65%. 

Adolph and Chi&ng (Chinese J. Physiol. 
1935, 9, 347) separate five fractions among the 
proteins of cow pea, viz. 

Vignin (Globulin A) . 45 

Glutelin .... .25 

Albumin ... 15 

Globulin B ... .10 

Globulin C .6 

and record the high cystine content of the 1 
globulins and albumin and the high lysine con- 
tent of the glutelin. Bhagvat (J. Indian Inst. 
Sci. 1935, 18, A, 39, 137) also examined the 
proteins and confirms tho high cystmo content of 
the globulins. 

Average analyses of the green parts of the 
cow pea as used for fodder are recorded by the 
U.S. Dept, of Agriculture as : 

Green fodder, Hay, 

Water 83 6 10 7 

Protein 2 4 16 6 

Fat 0 4 2 9 

N-free extract . . .7-1 42-2 

Fibre 4 8 20 1 

Ash 1-7 7 5 

A. G. Po 

•• CRAB’S EYE " v. Abrcs Precatosius 
CRANBERRY. The fruit of the American 
bog plant Vacemium macrocarpon Ait. A 
smalicT species ( V. Oiycoccus, L ) occurs both in 1 
Europe and America. A related species ( V. 
ntio-idxa) is known as the mountain or red 
cranberry, red whortleberry or cowberry in 
England, and ns foxberry in tbe United States. 
The fruits are notable in keeping for a long time 


without decomposition, largely because they 
contain appreciable amounts of benzoio acid. 
Tbe extremely sour fruit find widespread use 
in the form of jam or jelly. 

Average analyses of cranberries are : 


Water . . . 

Protein 
Fat . 

N-free extract 
Free acids 1 . 


American, 
% 


87-8-88 8 

0 35-0 5 0 10-012 

0 57-0 97 — 

90-101 101 

2 3-2 4 2 3 

3 5— 1-1 1-5 

1-1-1 -5 — 

015-018 015-017 

1 Calculated as citric acid. 

Cranberry j’uico contains invert sugar 871, 
acids (calculated as malic acid) 190, ash 39. 
nitrogen 0 1 1 g. per litre, and either because of 
the benzoic acid content or because of the small 
amount of nitrogen present ls not fermentable by 

While all investigators agree on the presence 
of benzoic acids (0 02-0 09%) in cranberries, there 
seems some difference of opinion as to the nature 
and proportion of other acids occurring in the 
fruit Citnc and mahe acids are generally reported 
in Amencan cranbemes ; Stoile (Z. Ver deut 
Zucker Ind. 1900, 37, 609) found glyoxybo acid 
in European fruit, and Rising (Kgl Landtbruks 
Akad, handl. Tidskr. 1914, 329) also found 
wovalonc acid. According to laham e< cl 
(Massachusetts Agric. Exp. Sta Bull. 1933, 
No. 315) mahe acid is present in mature and 
immature fruit in similar proportions (0 26%), 
whereas the citric acid content declines some 
what (1-31-1 07) with advancing maturity. 
Tbe same authors also record more than 0 5% 
of quinic acid in the fruit. 

Rising (l c.) also isolated from cranberries tbe 
glycoside vaccinitn, 

CjHjiOgCOCjHj. 

Tho ash of American cranbemes contains: 
K.O 48 0, Na s O 6 6, CaO 18 6, MgO 6 8, 
Fc,Oj 0 7, P,O s 14 3. SIO , 5 22, Cu 0 0009%. 

According to Willatfittcr (Sitzungsbcr. K. 
Akad. Wiss. 1914, 12, 402) the pigment of tbe 
cranberry is an anthocyanin (chloride, 
C 15 H u O e CI), a compound of galactose with 
cyanidm. Claasscn (ibid. 16, 70) isolated from 
the fruit a bitter substance oxycocc t« which 
gave reaction* similar to those of arbutin. 

The cowberry or foxberry closely resembles 
cranberry in nature and uses Recorded analyses 
by Yetgaard (Tids. Norsk o Landwbrnks. 1902. 
9, 125) give the average composition as: total 
solids 15 6, protein 0 25, total acids 1-92, citric 
acid 0 64, malic acid 0 31, sugars 6 4, pentosan* 
059, fibre 1 88%. According to Hotter (Z, 
laudw Versuchsw. 1906, 9, 747) tho sugars 
comprise glucose 3 0-4 0, fructose 4 0-5 8, 
sucrose 0 4-0 8% of the total dry matter. 

Wmdisch and Schmidt (Z. Enters. N&W-- 
Genussm. 1909, 17, 584) show tho average com- 
position of the juice (ap gr. 1-043) to be: sobda 
113, protein 0 12, acids (as citric) 1-9. Invert 
sugar 6 5. sucrose 0 5, tannin 019, ash 0 3%- 

Vaccinun is also pcc 8 ent in tho fruit. 
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Cowberry seeds, according to Diedrichs (ibid. 
1912, 24, 575) give the following analysis : — 

N-free extract 

Water. Protein. Fat. and fibre. Ash. 

% % % % % 
5-97 -23-24 30-12 38-56 2-11 

The seeds yield a drying oil having, the following 
characteristics : d 15 0-9301, refractive index 

1-4753 (25°), saponification value 190-1, iodine 
value 169-2, Reichert-MeissI value 0-55, Polenske 
value 0-30, Hehner number 95-7, acid value 
1-94, hexabromides of linoleio and linolenic 
acids 22-8%. 

A. G. Po. 

CREAM OF TARTAR. Acid potassium 
tartrate, C 4 H b O„K. 

CREAMING v. Bleaching. 

CREATINE. Methylglycocyamine, Methyl- 
guanidinoacetic acid, 

- H 2 N-C(NH)NMe-CH 2 -C0 2 H,H 2 0, 

discovered by Chevreul (Annalen, 1832, 4, 293) 
in muscle (y/xkw^flesh), occurs in human flesh, 
in the flesh of many warm and cold blooded 
animals, and in urine under certain conditions 
(von Liebig, ibid. 1847, 62, 257 ; Gregory, ibid. 
1848, 64, 105 ; Schlossberger, ibid. 1848, 66, 80 ; 
Price, ibid. 1850, 76, 362 ; Voit, Z. Biol. 1868, 4, 
77 ; Marcet, J.C.S. 1864, 2, 406 ; Folin and Denis, 
J. Biol. Chem. 1914, 17, 488 ; Rose, ibid. 1911, 
10, 265) ; the amount varies with the species 
and the organ ; the flesh of fowl yields 3-21% ; 
of pigeon, 0-825% ; of ox, 0-697% ; of ox heart, 
1-376% ; of herring, 1-324% ; and of brill, 
0-614% (Gregory, l.c. ; Beker, Z. physiol. 
Chem. 1913, 87, 28 ; according to Myers and 
Fine (J. Biol. Chem. 1913, 14, 9) it is constant 
for a given animal. 

The origin and physiological significance of 
creatine and creatinine aro still controversial 
subjects of too detailed a nature to be considered 
hero. Creatine is very unevenly distributed in 
the body, about 98% being found in the muscles 
and most of the remainder in the brain. It is 
not found in the urine of normal adults and 
cannot be regarded as a waste product of the 
metabolism of protein from which it is pre- 
sumably formed. It is an essential substance 
for muscle metabolism since a large part of the 
creatine in muscle is present in combination 
with phosphoric acid as phosphagen ( phospho - 
creatine) ; the hydrolysis and resynthesis of this 
compound are important phases in the processes 
of musoular contraction and relaxation, phospha- 
gen thus serving as a reservoir for the inorganic 
phosphate necessary for the process of contrac- 
tion. It is probable that creatinine is a waste 
product formed from creatine, although this has 
been disputed. For further details and refer- 
ences, see Hunter “ Creatine and Creatinine,” 
Longmans, Green & Co., 1928, Peters and van 
Slyko “ Quantitative Clinical Chemistry,” 
Bailliero, Tindall & Cox, 1931. and Lovatt 
Evans “Recent Advances in Physiology,” 
Churchill, 1930. 

In order to extract creatine, the flesh is heated 
with its own weight of water at 60°, and the 
juice expressed. The flesh extract is then heated 
to coagulate the protein, and filtered ; the fil- 
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trate is treated with basic lead acetate until no 
further precipitation occurs, and again filtered 
after removing the excess of lead from the filtrate 
by sulphuretted hydrogen, when it is evaporated 
until creatine separates on cooling ; this is 
washed with alcohol and recrystallised from 
water (Neubauer, Z. anal. Chem. 1863, 2, 26 ; 
1867, 6, 33). Creatine may be prepared by the 
decomposition of creatinine zinc chloride by 
means of calcium hydroxide (Benedict, J. Biol. 
Chem. 1914, 18, 186). 

Creatine is prepared synthetically by heating 
sarcosine with cyanamide at 100° : 

CN-NH.+ NHMe-CHj-COjH 

= NH:C(NH 2 )NMe-CH 2 -C0 2 H 

(Volhard, Z. Chem. N. F. 1869, 5, 318 ; Strecker, 
Jahresber. Chem. 1868, 686) ; or, together with 
creatinine, by fusing sarcosine with guanidine 
carbonate (Paulmann, Arch. Pharm. 1894, 232, 
638). It has also been prepared by King (J.C.S. 
1930, 2374) by treating sarcosine in alkaline 
solution with methylisothiocarbamide hydrio- 
dide. Bergmann and Zervas have obtained 
diacetylcreatine from sarcosine and triacetylan- 
hydroarginine (Z. physiol. Chem. 1928, 173, 80). 

Creatine forms colourless transparent mono- 
clinio prisms, containing 1 H 2 0, which it loses at 
100° ; it dissolves in 74-4 parts of water at 18° ; 
in 9.810 parts of cold absolute alcohol, and is 
insoluble in ether (von Liebig, Annalen, 1847, 62, 
257). Heat of combustion at constant pressure 
is 4,240 g.-cal. (Emery and Benedict, Amer. J. 
Physiol. 1911, 28, 307). The presence of urea, 
creatinine, or certain salts raises the solubility 
of creatine in water and alcohol (Neubauer, l.c.). 
The aqueous solution is neutral, and has a bitter, 
harsh taste. 

Creatine is decomposed by boiling baryta 
water into sarcosine, urea, and methylhydantom 

NH:C(NH 2 )NMe-CH 2 -0O 2 H+ H s O 

cC0(NH 2 ) 2 +NHMe-CH 2 -C0 2 H 

C0(NH 2 ) 2 +NHMe-CH 2 -C0 2 H 

.NMe-CHj 
-> co/ | 2 

X NH - CO 

(Neubauer, Annalen, 1866, 137, 294) ; or by 
mercuric oxide and water into oxalic acid and 
methylguanidine ; or by heating with soda-lime 
into ammonia and methylamine. Treated with 
mercuric acetate in presence of sodium carbonate 
it yields a-methylguanidinoglyoxylic acid, 

NH 2 -C(NH)NMe-C0-C0 2 H,2H 2 0 ; 

glistening flakes, m.p. 203-204° (Bauman and 
Ingvaldsen, J. Biol. Chem. 1918, 35, 277). When 
potassium hydroxide is added to an aqueous 
solution of creatine and silver nitrate until the 
white precipitate first formed just redissolves, 
the liquid solidifies to a transparent gelatinous 
mass immediately reduced on heating, or in the 
course of a few hours at the ordinary tempera- 
ture. The addition of potassium hydroxide to a 
solution of creatine and mercuric chloride 
precipitates a white crystalline compound 
(C 4 H 8 0 2 N 3 ) 2 Hg,Hg0 (Engel, Compt. rend. 
1874, 78, 1707 ; 1875, SO, 885). Creatine is 
converted into creatinine by heating with 
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dilate mineral acida for some hours (Dessaignes, 
Jshreaber. Chem. 1857, 544) or at 117° for 15 
minutes (Benedict and Myers, Amer. J. PhysioL 
1907, 18, 362); or by boiling to dryness a 
solution of creatine to which h3S been added 
an equal volume of hydrochloric acid (Benedict, 
J. Biol. Chem. 1914, 18, 192) ; or by heating 
with w&teT only in sealed tubes at 100® for 2-3 
days (Neuhauer, Z. anal. Chem. 1863, 2, 33). 
The equilibrium between creatine and creatinine 
in aqueous solutions has been studied by Edgar 
and Shiver (J. Amer. Chem. Soe. 1925, 47, 
1179). The ratio of the molecular concentration 
of creatinine to that of creatine in water at 
different temperatures and in various buffer 
solutions is given; thus in water the ratio 13 
0 54 at 25® ; 2 89 at 100° ; 36 72 at p a 1 (50°), 
and 1 >03 at jig 6 (50°). 

Smorodincev (J. Russ Phys. Chem. Ges. 1915, 
47, 1275) obtained a double salt of silver nitrate 
and creatinine, C 4 H 7 0N 3 -AgN0 3 (decomposing 
188-191°) by treating pure creatine with silver 
nitrate in a slightly acid solution 

Creatine forms soluble normal salts with the 
mineral acids (Dessaignes, Annalen, 1854, 92, 
409), and readily soluble compounds with zinc 
chloride, C 1 H,0 ! N,,ZnCl t , and cadmium 
chlonde, C 4 H # 0 2 N 3 ,CdCI 2 ,2H 2 0 (Neubauer, 
tbtd. 1866, 137, 300). Creatine picrate forms 
woolly needles melting at 218-220® (decomp ) 
The mp is not depressed by admixture with 
creatinine picrate (King, J.C.S. 1930, 2374) 
Theylatiana/e (t» p. 417<£) melts at 231® (Langley 
and Albrecht, J. Biol. Chem. 1935, 108, 729) 
When creatine in alkaline solution is treated with 
sodium mtroprusside and & persulphate a red 
colour is obtained ; Pittarelh claims that this 
reaction is sensitive to 1 in 50,000 (A. 1928, 
1121 ). 

Creatine is not usually estimated directly . 
it is converted into creatinine (q.v), and esti- 
mated as such ; for the estimation of creatine 
in urine, v. Benedict (J. Biol. Chem. 1914, 
18,192; 1929,82, 1 ; Fohn.iiid. 19 14,17,469). 
Methods for estimating creatine directly have 
been suggested by Walpole (J. Physiol. 1911, 42, 
301), who makes use of the fact that a pale red 
colour is given by alkaline solutions of creatine 
and not by creatinine when a trace of diacetyl 
is added, and by Lang (Z. physiol. Chem. 1932, 
208, 273) who uses the violet colour formed from 
creatine and acetylbenzoyl in alkaline solution. 
Several methods have been adapted for blood 
filtrates, hut it is still uncertain whether the 
chromogenio substance in blood is really 
creatine, see Peters and van Slyke (“ Quantita- 
tive Clinical Chemistry, *’ Bailli£re, Tindall & 
Cox, 1932). 

a-Quanidinopropionic acid, alacreahne, 

NH t C(NH)NH CHMe CO,H, 

an isomer of creatine, forms sparingly soluble 
prisms. It is prepared from alamno and 
eyanamide (Baumann, Annalen, 1873, 167, 83) or 
from alanine and methyliaothiocarbamide. The 
picrate forms needles, m.p. 187® (decomp.) (King, 
J.C.S. 1930. 2374). 

The homologues of creatine are prepared by 
the action of eyanamide on the corresponding 


amino acid in the presence of ammonia, eg 
a-aminocaprocyamine, ' * 

Ntf,-C(NH)NH CH(CO t H)CH, CHMe 2 . 
from leucine and eyanamide (Duvilber, Comet 
rend. 1886, 103, 211 ; 1887, 104, 1290). Accord- 
mg to Du villi er (l c.) methyl- or ethyl ammo, 
acids yield with eyanamide the correspond- 
ing creatinine The creatine is formed only m 
the case of methylglycine and of 0-methj! 
aminopropionic acid, the latter yielding methyl 
alacreahne, NH 2 C(NH)-NMeCHMe CO.H 
(Lindenherg, J pr. Chem. 1875, [ii], 12, 253). 
Tht3 generalisation is not confirmed by Gansser 
(Z. physiol Chem. 1909, 61, 16), who obtained 
the creatinine and not the creatine from a 
methylaminopropiomc e^id and eyanamide, 
but prepared ft methylguanidmopropiomc acid 
NHj C(NH)NMe [CH 2 ] } CO t H,H t O, mp’ 
201-202®, from eyanamide and 0 methylamwo 
propionic acid, and y methylguantdmobutyrw 
acid, NH 2 -C(NH)NMe[CH 2 ) 3 COjH, mp. 
307°, from eyanamide and y-methylanunobutyno 
acid. 

Formaldehyde and creatine yield the com- 
pound c,h 21 o s N s , 2H 2 0, decomposing at 250°, 
and forming a dibenzoyl derivative, 
C 8 H g O s NjBz 2 , 
m p. 265-266° (Jaffe, Ber. 1902, 35, 2896). 
Phthalyldicrtahne, 

C,H«[CO NH C(NH)NMe CH a 'COjH]„ 
has m.p. 212° (Urano, Beit. Chem. Physiol. 
Path. 1907, 9, 183). Diacetylcreatme, 

NH.C(NHAc)NMe CH^COjAc, 
has m p. 165° (Erlenmeyer, Annalen, 1895, 284, 
50). 

M. A. W. and W. V. T. 
CREATININE. Melhylglycocyamidint, 
/NMe CH. 

C:NH | 

— NH ■ CO 

discovered by von Liebig in human unne 
(Annalen, 1847, 62, 268), is also a constant 
constituent of the urine of horses, cows, dogs, 
pigs and rabbits ; the amount of creatinine 
in the tissues is uncertain as its determina- 
tion is- attended with difficulties owing to 
the ease with which creatine is converted 
into creatinine by post mortem autolysis 
This accounts for the conflicting reports of 
different investigators on the creatinine con- 
tent of muscle which probably contains only * 
very small amount if any. According to Fohn 
and Denis (J. Biol Chem. 1914, 17, 487) norms! 
human blood contains 1 mg. creatinme and 
6-8 mg. of creatinine and creatine per 100 g 
blood; but see below under Estimation of 
Creatinine. In domestic animals it is about the 
same; in birds O-l mg. creatinine but 11 mg 
creatinine and creatine. It is probably ft norms! 
constituent of all soils (Shorty, J. Amer. Chem. 
Soc. 1912, 34, 99; Sullivan, 1 bid. 1911, 83, 
2035) and vegetable matter (Oshima and Am 
zumi, J. ColL Agric. Tokyo, 1914, 6, 17). _ 
Under normal conditions, the excretion of 
creatinine is constant from day to day- 
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amount excreted by an individual per day varies 
from 7-5 to 10 mg. creatinine nitrogen per kg. 
body weight and is roughly proportional to his 
muscular development ; it is not affected by 
diet or exercise. Creatinine is, therefore, 
generally regarded as an end product of endo- 
genous metabolism, most probably of creatine 
catabolism (Shaffer, Amer. J. Physiol. 1908, 
23, 1 ; Eolin, ibid. 1905, 13, 46, 66, 117 ; 
Pekelharing, van Hoogenhuyze and Verploegh, 
Proc. K. Akad. Wetensch, Amsterdam, 1905, 8, 
363 ; Klercker, Beit. Chem. Physiol. Path. 1906, 

8, 59 ; Folin and Denis, J. Biol. Chem. 1914, 17, 
500 ; Harding and Gaebler, ibid. 1922, 54, 
679 ; Hodgson and Lewis, Amer. J. Physiol, 
1928, 87, 288). Creatinine administered to 
animals is rapidly excreted almost quantita- 
tively (Foster and Fisher, J. Biol. Chem. 1911, 

9, 359 ; Towles and Voegtlin, ibid. 10, 479). 
Under ordinary circumstances no creatine is 
excreted by adults. Some normal women, 
however, all infants and young children, and 
adults in starvation and certain pathological 
conditions excrete some creatine (Denis and 
Minot, ibid. 1917, 31, 561 ; Folin and Denis, 
ibid. 1912, 11, 253 ; Rose, ibid. 1912, 10, 
265 ; 1917, 32, 1 ; Gamble and Goldschmidt, 
ibid. 1919, 40, 199). 

Creatinine is extracted from urine by 
evaporating to one-third the original volume, 
decanting from the salts that crystallise out, 
precipitating with lead acetate and filtering, 
removing the lead from the filtrate and precipi- 
tating the creatinine with mercuric chloride 
as the sparingly soluble double salt. This is 
separated, decomposed by sulphuretted hydro- 
gen, and the creatinine crystallised from the 
'filtrate as the hydrochloride (Maly, Annalen, 
1871, 159, 279 ; or by precipitating it as 
creatinine potassium picrate with subsequent 
decomposition of the double salt (Folin, J. Biol. 
Chem. 1914, 17, 463 ; Benedict, ibid. 1914, 18, 
184). 

For extraction from the body tissues and 
fluids, see Costantino (Chem. Zentr. 1915, 11, 
287, from Arch. farm. sper. 1915, 19, 254). 

Creatinine bears the same relation to creatine 
as hydantoln to hydantolc acid 


CO 


nh 2 

NH-CH 2 -C0 2 H 
Hydantolc acid. 


^-NH, 

C:NH 

'"'-NMe-CH 2 -C0 2 H 


^NH-CO 
CO I 

"^nh-ch 2 

Hydantoin. 

^-NH • CO 
C: NH | 
^NMeCH, 


Creatine. 


Creatinine. 


and is prepared by boiling creatine with dilute 
mineral acids for some hours (Liebig, Annalen, 
1847, 62, 628) or by heating at 117° for 15 
minutes under pressure (Benedict and Myers, 
Amer. J. Physiol. 1907, 18, 362, see, however, 
J. Biol. Chem. 1914, 17, 363; Folin, ibid. 
469), or by boiling down to dryness with an 
equal volume of A’-HCI (Benedict, ibid. 1914, 
18, 192), or by heating creatine with anhydrous 
zinc chloride (Edgar and Hinegardner, ibid. 
1923,56, 1). 
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Creatinine can be prepared synthetically by 
heating guanidine carbonate with sarcosine at 
140-160° (Horbaczewski, Maly’s Jahresber. 
Tierchem. 1885, 15, 86). A quantitative yield is 
obtained by heating N -methylglycocyamine with 
an organic acid (G.P. 281051, from J.S.C.I. 1915, 
34, 637). 

By heating creatinine with silver nitrate and 
baryta in excess on the water-bath for about an 
hour a nearly quantitative yield of methyl- 
guanidine can be obtained (Ewins, Bioohem. J. 
1916, 10, 104). By oxidation with mercuric 
acetate it yields a-methylguanidinoglyoxylic 
acid (Bauman and Ingvaldsen, J. Biol. Chem. 
1918, 35, 277). 

Creatinine forms anhydrous monoclinic prisms 
soluble in 11-5 parts of water or 625 parts 
of absolute alcohol at 17° (Joppelius and Pom- 
merehne, Arch. Pharm. 1896, 234, 380), and 
separates on slow evaporation of dilute solutions 
in square plates containing 2H„0 (Salkowski, 
Z. physiol. Chem. 1880, 4, 133). It is a weak 
base, displacing ammonia from its salts, and 
forming soluble salts with the mineral acids 
(Liebig, l.c.), the picrate C 4 H 7 0N 3 -C 6 H 3 0 7 N 3 , 
m.p. 212-213°, forms sparingly soluble yellow 
needles ; the acidpicrate C 4 H 7 0N 3 -2C c H 3 0 7 N 3 
has m.p. 161-166° (Mayerhofer, Wien. Klin. 
Woch. 1909, 22, 90) ; the flavianate, 1 solubility 
0-198, melts at 250° (decomp.) (Kossel and Gross, 
Z. physiol. Chem. 1924, 135, 168) ; the tartrate 
(C 4 H,ON 3 ),,C 1 H (! O s decomposes at 207-209°; 
the oxalate (C 4 H 7 0N 3 ) 2 -C 2 H 2 0 4 is sparingly 
soluble in alcohol (Poulsson, Chem. Zentr. 1904, 
ii, 30). Creatinine forms characteristic double 
salts, with platinic chloride, 

(C 4 H 7 ON 3 ,HCl) 2 -PtCI 4 , 

orange-red plates, m.p. 220-225° ; with 
auric chloride, C 4 H 7 ON 3 -HCI-AuCI 3 , yellow 
crystals, m.p. 170-174° ; with potassium 
picrate, C 4 H 7 0N 3 -C 6 H 3 0 7 N 3 -KC 6 H 2 0 7 N 3 , 
lemon-yellow prisms, 100 parts of water dissolve 
0-1806 part of the salt at 19-20°.; with zinc 
chloride, (C 4 H 7 ON 3 ) 2 -ZnCI 2 , almost insoluble 
in alcohol (Heintz, Jahresber. Chem. 1847, 48, 
883) ; with mercuric chloride, 

4(C 4 H 6 Hg0N 3 -HCI)-3HgCI 2 ,2H 2 0 

(Johnson, Proc. Roy. Soc. 1886, 43, 493). 

Creatinine is converted into creatine by the 
action of cold dilute ammonia or calcium 
hydroxide solutions ; or on treatment with 
iodine (Reichardt, Pharm. Ztg. 1911, 56, 922) ; 
boiling baryta solution converts it into ammonia 
and methyl hydantoin ; with alkaline oxidising 
agents it yields methylguanidine and oxalic acid, 
but is comparatively stable towards acid per- 
manganate solutions (Jolles, Ber. 1902, 35, 160). 

The presence of creatinine in dilute solution 
or in urine can be detected by (1) Weyl’s test 
(Ber. 1878, 11, 2175), which consists in the pro- 
duction of a ruby-red coloration, changing to 
yellow when, to a solution of creatinine, a few 
drops of 10% sodium nitro-prusside and the same 
quantity of 10% sodium hydroxide or car- 
bonate solution are added. On acidifying the 

1 “ Flavianicacid ” is the name applied by the authors 
to naphthol yellow S, l-naphthof-2 : 4-dinitro-7-sul- 
phonic acid. 
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solution with acetic acid the colour is discharged, 
turning to green or blue on boiling due to the 
formation of Prussian blue (Salkowaki ; Cola- 
santi, Gazzetta, 1887, 17, 129). Guareschi 
(Ber. 1888, 21, Ref. 372) has shown that this 
reaction is given by compounds other than 
creatinine containing the — CO CH 2 — group. 
(2) Jaffa's teat (Z. physiol. Chem. 1886, 10, 
393) is the production of a deep -red colour, 
•when picne acid and an excess of sodium 
hydroxide solution are added to the liquid 
containing the creatinine. It is now generally 
accepted that the red colour in Jaffa’s reaction 
is not due, as suggested by Chapman (Chem. 
Nows, 1909, 100, 175), to sodium salts of 
picramic acid and diaminonitrophenol formed 
by reduction of the picrio acid by the creatinine, 
as the red compound has been isolated and shown 
to bo a red tautomer of creatinine picrate 
although its structure is still under discussion 
(Greenwald, J. Biol. Chem 1924, 59, 601 ; 
1028, 80, 103 ; 1930, 86, 333 ; Anslow and 
King, J.C.S 1929, 1210) 

Bat i mah on of Creatinine . — The older methods 
for the estimation of creatuune were based upon 
the isolation of the base in the form of its 
sparingly soluble double salt with mercuric or 
zinc chloride, and cither weighing the precipitate 
or estimating the metal or the nitrogen in the 
compound (Neubauer, Annalen, 1861, 119, 35; 
Salkowski, Z physiol. Chem. 1886, 10, 113; 
Grocco, Chem Zentr. 1887, 17, Koh'sch, ibid. 
1895, i, 814 , Ladd and Bottenfield, Amer. 
Chem. J 1898,20 869). Edlefsen (Chem. Zentr. 
1909, l, 108) recommends precipitating the 
sulphate m the presence of alcohol and ether, 
dissolving it in water, and titrating the solution 
with standard barium hydroxide solution, u 
phcnolphthalein as indicator. 

The method generally adopted for estimating 
creatinine in urine is Fohn'a colorimetric method, 
based on Jafle's reaction (Z. physiol. Chem. 
19W, 41, 223 ; J. Biol. Chem. 1914, 17, 469). 
If creatine is also present in the urine the total 
creatinine is determined after converting the 
creatine into creatinine by heating with acid. 
Subtraction of the preformed creatinine, deter- 
mined separately, gives the creatine as creatin 
me. The conversion of creatine into creatinine 
may be carried out by (1) boiling with a saturated 
solution of picric acid, and this method must be 
used if glucose is present (Fohn, l c.) ; (2) auto- 
claving with saturated picric acid (Folin, ic.); 
or (3) boiling down to dryness with hydrochloric 
acid in the presence of metallic lead (Benedict, 
J. Biol. Chem. 1914, 18, 191). It is important 
that pure picrio acid should be used for the 
colonmetnc determination of creatinine by any 
method involving Jaffa's reaction (Fohn and 
Doisy, ibid. 1917, 28, 349). Benedict gives 
suitable methods for tho purification of picne 
acid for this purpose (ibid. 1922, 54, 239; 
1929,82,1). 

The presence of creatinine in blood still 
remains to bo established with certainty. 
Whilst there is a chromogenic substance which 
can he estimated by Folia’s method (Folin and 
Wu, ibid. 1919, 38, 81) it is probably in the 
main not creatinine (Behre nod Benedict, 
ibid. 1922, 52, 1 1 ; and see below). 


More recently a new colorimetric method has 
been employed for the estimation of creatinine 
in unne This consists in treating the unoe 
with alcoholic 3:5 dirutrohenzoic acid and 6% 
sodium hydroxide. Creatine, glucose and ketones 
(in usual amounts) do not interfere. The appU- 
cation of the method to blood supports the view 
that the ebromogenio substance is not creatinine 
(Benedict and Behre, ibid. 1936, 114, 515 • 
Langley and Evans, ibid. 115, 333). 

An isomende of creatinine, alacreatimne, 
^NH-CO 


^NH-CHMe 

was prepared (Ber. 1873, 6, 1371), and other 
isomendes have been described by Korndirfer, 
Arch. Pharm. 1904, 242, 620; Schenck, 
ibid. 1910, 248, 376; 1911, 249, 483; 

Schmidt, ibid, 1910, 248, 668. Johnson and 
Nicolet (J. Amer. Chem. Soc. 1916, 37, 2417) 
obtained two methylglycocyamidines isomena 
with creatinine by the action of methylamine 
on the ethyl ester of benzoylpseudoethylthio- 
hydantoic acid and debenzoylating. 

Two isomeric ntlroaocrealininta were obtained 
by Dessaignes (Annalen, 1850, 97, 341) and 
Jl&rcker (tbtd 1865, 133, 305), by passing the 
nitrous fumes from the action of nitric acid on 
arsemous oxide into an acid solution of creatinine. 
The less soluble a-nitrosocreatinine, C.H # 0 4 N 4 , 
decomposes at 210°, forming a colourless liquid 
that quickly solidifies to a brown mass from 
which a now boat, C,H 1 jO a N 10 can bo ex- 
tracted ; it forms a crystalline nitrate, hydro 
chloride and platmichloride, and yields tho 
bromo-denvalive C 4 H,OjN,Br. The more 
soluble P-mtrosocreatinine, C 4 H a O,N 4 , melts at 
195° to a brown liquid and decomposes at 220°. 

According to Kramm (Chem. Zentr. 1898, 1 
37), the yellow colour formed by the interaction 
of sodium nitroprusside and sodium hydroxide 
on creatinine (cf. Weyl, Ber. 1878, 11, 2175), u 
due to the formation of a nifrosocrealmme, 
C 4 H,0 2 N 4> which can bo isolated as a colourless 
crystalline precipitate by adding acetic acid 
to the yellow alkabne solution and shaking 
vigorously. According to Schmidt and Henmg 
(Arch. Pharm. 1912, 250, 345) this is an oxime ; 
they find that on treatment with sodium mtnte 
in nitnc acid solution creatinine yields a mixture 
of methyl hydantoin oxime, m p. 193-194®, and 
creatinine oxime, which begins to discolour at 
250° but does not melt. 

The following acyl- and alkyl- derivatives of 
creatinine have been prepared s Btnzoylcrtoli- 
nine, C n H n O.N., pale yellow needles, mp. 
187® (Urano, Beitr. Chem. Physiol. Path. 1907, 
9, 183) ; methyl, dimethyl, and trimethyl creatinine 
and salts (Komddrfer, Arch. Pharm. 1994, 242, 
641 ; lvnnze, Arch. Pharm. 1010, 248, 578) 
Methylcreatinme 

,NMe CH« 

HN:C( I 

'NMe CO 

gives an aurichloride, m.p. 1 70-171®, »ad 
dimetbylcreatinine gives an aurichloride, m P 
128-129°, and a platimchloride, m P- 177-179 . 
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According to Kunze the constitution of dimethyl- 
crcatinine is 

,NMe • CH 2 
MeN:C< | ; 

'NMe — CO 

it reacts as a tertiary base ; ethylcrealinine 



— CH 2 

(Neubauer, Annalen, 1861, 119, 50), see Hen- 
zerling (Arch. Pharm. 1910, 248, 594 ; the 
plalinichloride ciystallises in monoclinic plates, 
m.p. 197-211° ; ethylcrealinine hydriodide, m.p. 
217-219° ; diethylcrealinine plalinichloride 201 
- 202 °). 

Eor various other substituted derivatives of 
creatinine, see Duvillier (Compt. rend. 1882, 95, 
456; 1883,96, 1583; 97,1486; 1885,100,916; 
1886, 103, 211 ; 1887, 104, 1290) and Greenwald 
(J. Amer. Chem. Soc. 1925, 47, 1443). 

M. A. W. and W. V. T. 

CREOLINE. A coal tar disinfectant pre- 
pared from coal tar creosote, contains 45-60% 
neutral oils, 10-15% phenols, 30-40% rosin 
soap. 

CR EOSO L (4-hydroxy-3-mc.thox'y-l -methyl- 
benzene) v. Creosote. 

CREOSOTAL (creosote carbonate) is a 
mixture of carbonates of the various phenols 
contained in creosote, chiefly creosol, guaiacol, 
and cresols. 

It may he prepared by heating creosote with 
a benzene solution of phosgene under pressure, 
but is generally produced by passing a stream of 
phosgene into a solution of creosote in aqueous 
caustic soda. Creosotal separates as an oil and 
is washed with dilute caustic soda solution and 
then with water. It contains the equivalent of 
about 90% of creosote. 

Creosotal is a clear, colourless or yellowish, 
viscid liquid, insoluble in water but soluble in 
alcohol, ether, chloroform, benzene, etc. 
(Aufrecht, Pharm. Ztg. 1908, 53, 480). It is 
neutral, has little odour and only a slight 
taste of creosote. Crystals of guaiacol car- 
bonate may settle from samples after long 
standing or on freezing. Boiling with alcoholic 
caustic alkali gives creosote and alkali carbonate. 

It has to some extent replaced creosote in 
the treatment of pulmonary tuberculosis, 
bronchitis and pneumonia. 

CREOSOTE. Tars obtained by the 
destructive distillation of wood and of coal in 
retorts, coke ovens, or blast furnaces, when 
subjected to distillation yield fractions techni- 
cally known as “ creosote,” and which find 
extensive and important uses in the industrial 
arts, the most important type being that derived 
from gas works or coke oven coal tar. 

The term “ kreosote ” was originally applied 
to the product obtained from wood tar. The 
increase in production and distillation of coal 
tar with the extension of the use of the creosote 
oil so obtained for the preservation of wood 
resulted in the terms creosote and creosote oil 
being used commercially as meaning the heavier 
distillates from gas works and coke oven tar, 
the oils from other tars being distinguished by a 


prefix to indicate their origin, as 11 blast-furnace 
creosote.” In pharmacy the term creosote is 
still retained for wood creosote. 

Wood-tar Creosote. — The tar derived from 
the distillation of beechwood and other hard 
woods, when subjected to farther distillation, 
yields certain fractions that are heavier than 
water. These are agitated with an aqueous solu- 
tion of caustic soda, which is then separated 
from insoluble oils, boiled with free access of air, 
in order to oxidise various impurities present 
and to distil off hydrocarbons, and then decom- 
posed with dilute sulphuric acid or carbon 
dioxide. The crude creosote which separates is 
again submitted to treatment with alkali and 
acid, and finally distilled, the fraction distilling 
between 200° and 230° being collected separately. 

Wood-tar creosote, when freshly prepared, is a 
colourless, transparent liquid of an oily con- 
sistency, and which retains its fluidity at a very 
low temperature ; its sp.gr. varies from 1-037 to 
1-087 ; it distils betweerf 200-230°, and dissolves 
in about 200 parts of water ; its odour is strong 
and penetrating, resembling that of wood 
smoke ; it has a high refractive index (1*51) 
and burns with a luminous smoky flame. It is 
neutral or only faintly acid to litmus. It is 
powerfully antiseptic, but does not coagulate 
albumin ; is not so caustic as carbolic acid and 
relatively less poisonous. Wood creosote is 
essentially a mixture of the ethers of the poly- 
hydrio phenols, chiefly guaiacol (o-methoxy 
phenol, b.p. 205°) and creosol (2-methoxy-4- 
methyl phenol, b.p. 221°) ; whilst phenol, o-, m- 
and p-cresols, o-sthyl-phenol and xylenols may 
be present in varying amounts. The presence 
of the dimethyl ethers of pyrogallol (b.p. 262°) 
and of methyl-and propyl-pyrogallol (b.p. 
265° and 285°) has been identified in samples. 
Dimethylguaiacol (b.p. 230°) and propyl- 

guaiacol (b.p. 241°) are present in insignificant 
amounts. The latter is objectionable in the 
medicinal grade, since a single drop on the tongue 
causes bleeding ; its presence may be recognised 
by the blue coloration produced with baryta 
water. 

The percentage composition of beechwood and 
oak creosotes, freed from hydrocarbons, is given 
by Behai and Choay (Compt. rend. 1894, 119, 
166) as follows : 

Beech. Beech. Oak. 

Distillation temp. 

°C 200-220° 200-210° 200-210° 


Specific gravity 

1-085 

1-085 

1-068 

Mono-phenols . 

39-0 

39-0 

55-0 

Guaiacol 

Creosols andhomo- 

19-7 

26-5 

14-0 

Iogues 

40-0 

32-1 

31-0 

Loss .... 

1-3 . 

2-4 

— 


Wood creosote is miscible in all proportions 
with alcohol, ether, glacial acetic acid, benzene, 
carbon disulphide and fight petroleum spirit. 
It dissolves in concentrated sulphuric acid to a 
red liquid, which slowly changes to purple- 
violet ; it is violently attacked by nitric acid, is 
soluble inaqueous solutions of alkali hydroxides, 
and forms a crystalline compound with potassium 
hydroxide, but not with sodium hydroxide. On 
the other hand, it is practically insoluble in 
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strong ammonia. Official in Brit. Pharm. 1932, oil) separated from the crystalline crude aathn 
spgr. at 15 5° not below 1-070, commencing to cene. The crude anthracene waa purified to 
distil at about 200°, and yielding not less than yield a high-grade anthracene and carba*ole 
95% between 200° and 230° j 2 c c. should require and the fluid oil was sold for the preservation 
10-18 c.c. if-NaOH to produce a clear solution, of timber by brush treatment (carbolineum t 
and the liquid should remain clear on dilution infra). A fall in the demand for anthracene, 
with 60 cc. of water (limit of hydrocarbons, owing to the anthracene derivatives for the 
and of bases). Owing to the demand for guaiacol dyestuffs industry being more simply obtained 
for pharmaceutical purposes, much of the wood synthetically, coincided with a gTowmg difficulty 
creosote now sold is frequently found to have in obtaining anthracene of low paraffin («• 
been deprived of part or the whole of the guaiacol nonadecane) content from many modem types 
it contained. Methods for the determination of of tars, and at present in the United Kingdom 
guaiacol in wood creosote are given hy Bdhal the anthracene oil fraction is frequently rim 
and Choay (Compfc. rend. 1893, 116, 197); direct to the creosote storage wells. 

Kebler (Amer. J. Pharm. 1899, 71, 409). Wood- Composition: So many varying factors ra 
tar creosote is distinguished from coal-tar fluence the composition of creosote oils that it 
phenols by its reaction with an ether-alcohol is impossible to give more than the following 
solution of nitrocellulose (equal parts), no general list of some of the more important 
coagulation being produced. compounds that have been found to be present in 

Wood creosote is used ns an antiseptic and the samples examined : hydrocarbons — naphtha- 
analgesic material (external), and internally in lene, a and /? ruethylnaphthalenes, 1 6-, 2,3, 
the treatment of tuberculosis by preparations 2.6-, 2 7 , dimethylnaphthalenes, anthracene, 
such as creosote carbonate and the lactic acid and /) methylanthracene, phenanthrene, diphenyl 
and valerianic esters Also employed in the and its methyl and dimethyl homologues, ace 
preservation of min e timbers, in lignin removal naphthene, 4 5-benzoindane, fluorene together 
from jute fibre, and in ore flotation. Bube with varying amounts of saturated and us 
(BP 257151) employs aq ethyl alcohol at saturated hydrocarbons of the aliphatic series, 
. 50°C for extraction of phenols from wood tar oxygen containing compounds — phenol homo- 
) The alcoholic extract of brown coal tar has been logues, chiefly cresols and xylenols, a- and fS 
placed on the German market under the name naphthol, diphenyleno oxide and its methyl 
F rcsol — this product has spgr. 1-01-1-04, derivative; nitrogen containing compounds— 
viscosity at 20°C , 5-10° Engler, flash-point pyndine and its methyl and dimethyl homo 
100-110®, constituents sol. m 38° B6 NaOH, logues, aniline and toluidme, quinoline and w- 
60-90%, colour black. Graefe (G P. 232657) quinoline and their methyl and dimethyl 
extracts with alcohol m a continuous column homolognes, a- and /J-naphthylamine, acridine, 
apparatus— against saving m chemicals over carbazole, indole and its methyl homologues; 
older methods is to be placed a loss of only sulphur-containing compounds— phenylthiol, 
0 3-0 5 parts alcohol on 100 parts of tar. thionaphthene, thiodipbenylene. The oils from 

Coal-Tar Creosote. — The creosote oils vertical retort tars contain a higher pro- 
derived from coal tars (e/. Coal Tar) may be portion of aliphatic hydrocarbons than those 
divided into two main classes — light creosote obtained from horizontal retort and coke oven 
being the fraction distilling mainly between tars, and this is indicated by the lower specific 
190° and 235®, and ordinary creosote oil, chiefly gravity of the close-cut fractions obtained by 
employed for timber preservation, and distilling redistillation. 

mainly between 200° and 300° to 350®C. The Physical Properties: The latent heats of 
light creosote normally consists of the middle or evaporation of tar distillates have been deter, 
carboho oil fraction obtained in the primary mined by Webs (Ind. Eng. Chem. 1922, 14, 
distillation of the tar, the crystallisable naphtha- 72) fraction 249-296°C., 146 B.Th.U.’s per 
lene having been removed by cooling the oil to lb. ; 296-345®, 153; 345-392°C., 132; 392— 
atmospheno temperatures. If the oil has been 438°C., 117.' Specifio heat of tar distillates 
treated for the recovery of phenols, the residual 0 34±0 04 at 16-90°C. (International Critics! 
content of these compounds may be 3-10%. Tables), 0 4 at 40°, 0 5 at 80®, 0 6 at ^"C 
If the oil is to be employed for disinfectant and (Krebs, Gas- u. Wasserfach, 1930, 73, 824). 
sheep dip manufacture the cresol content may Calonfio value horizontal retort tar-oil, sp gr. 
rise to 40% (so-called cresybo creosotes). The 1-049 at 20°C., 16,544 B.Th.U./Ib. gross, 15,863 
ordinary creosote contains the oils distilling from B.Th.U./lb. net; vertical retort tar-oil, spgr. 
the tar between the end of the carboho oil or 1-016 at 20®C., 16,540 B.Th.U./lb. gross, 15,772 
naphthalene oil fractions and the pitch, and B.Th.U./lb. net ; blast-furnace tar-oil, sp jrr 
usually at the present time no individual com- 0 903, 17,986 B.Th.U /lb. gross, 17,286 BTh 0 / 
ponent is removed. Improved methods of tar lb. net (Moore). The sample of horizontal retort 
distillation -yielding close-cut fractions have tar-od examined contained 14% phenols, water 
made possible the isolation of other pure pro- 0 6%, and gave on analysis carbon 89 7, hydro- 
ducts, and in Germany^ aeenaphthene, a raw gen 7-4, oxygen + nitrogen 2 25, sulphur 0 65%- 
material for the production of dyestuffs of the The vertical retort tar-oil sample contained 28% 
thio-indigo senes, has been recovered from the tar acids, water 0 7%, and carbon 85 75, hydro- 
265-275° fraction, and indole from the 240- gen 7 92, oxygen + nitrogen 5-14, sulphur 0 49%- 
260° fraction (G.P. 223304). Formerly the The gross calorific value of horizontal retort ta£ 
oil distilling between 300° and the end of the oil has been given as 9 900-50T cals , where ” 
distillation was separately collected, coolod, is the percentage of phenols present. Co* 
and the clear oO (filtered anthracene oil or green efficient of expansion is 0 00075 per deg. C. 
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Commercial Uses and Geades. — Creosote 
finds its largest application in the preservative 
treatment of timber, especially railway sleepers, 
telegraph poles, and marine piling, against fungi, 
white ants, and marine borers respectively. The 
resistance to mechanical forces is also improved 
by creosoting. The largest consumer, the United 
States of America, uses annually upwards of 
100 million Imperial gallons, 180 million gallons 
being used in the peak year, 1929. In 1935 the 
U.S.A. production was 90 million gallons ; 
in 1936 34 milli on gallons were imported, of 
which 20 million gallons came from the United 
Kingdom. Formerly the U.S.A. absorbed 50% 
of the British production, but from 1929 the 
British export figure to U.S.A. fell owing to the 
increased American production, and reached a 
minimum at 9 million gallons in 1932. No 
official figures for the United Kingdom are 
available, but the production of creosote oils of 
all grades for the year 1935 and 1936 is estimated 
at 80 and 85 million gallons respectively, the use 
figure for timber treatment at 12-14 million 
gallons per annum, and the total export figures 
for 1935 and 1936 are 23J and 364 million gallons 
respectively. 

For estate timber, fluid creosotes may be 
applied by brush or spray, or the posts, etc., may 
be immersed in the oil at 180°F. contained in 
open tanks, and allowed to cool while still 
immersed. The more effective method is to 
■ apply the creosote oil under pressure, steel 
cylinders 75 to 105 ft. in length by about 7 ft. 
in diameter being employed. In the Bethell 
“ full-cell ” process, the timber is subjected 
to a vacuum of 22 inohes for 30 minutes, and the 
oil at a temperature of 180-210°F. is then 
introduced without breaking the vacuum until 
the cylinder is full. The pressure is then raised to 
100 to 2001b. per sq. in., and when absorption is 
complete the surplus oil is run off and a vacuum 
may be applied for 15 minutes (Lowrie modifica- 
tion). Green timber may bo conditioned by a 
preliminary heating for 24 hours in the oil under 
vacuum, maximum temperature 200°F., to 
remove the surplus water (Boulton process). In 
the Rueping “empty-cell” process the timber is 
subjected to an initial pressure of 10 to 60 lb. per 
sq. in., and the oil is then introduced into the 
cylinder, the pressure being maintained con- 
stant. The pressure is then raised to 80 to 
120 lb. per sq. in. to give maximum injection. 
Tho amount held in the timber is then reduced to 
the required figure by expansion of the air 
initially introduced and by the application of a 
high vacuum for a short period. Absorption 
figures are of the order of 15 to 20 lb. per cu. ft. 
and retention 7 to 10 lb. per cu. ft. In he 
Card process, zinc chloride and creosote .re 
employed, typical absorption figures being $ lb. 
zinc chloride and 3 lb. of creosote per cu. ft. 

Tho quantity of oil absorbed depends upon the 
species, growth and size of the timber, the 
creosoting process employed, and the admissible 
cost. Penetration of the oil may be assisted by 
incising, that is, by making a number of small 
cuts over the surface of the timber parallel to the 
grain and about $ in. deep by 1 in. long. The 
usual figures lie between 6 and 20 lb. per cu. ft. 
The life of the timber is raised from 3 to 6 years 
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to 25 years and upwards, dependent upon the 
conditions of employment, such as climate, 
location, mechanical stresses, etc. 

The desirable properties in a creosote oil are 
toxicity, permanency and power of penetration 
and waterproofing. Considerable laboratory 
work on the relative toxicity of the constituents 
and fractions of coal tar creosote has not led to 
conclusive results. The more important 
standard specifications are as follows : B.S.. 
144/1936, Type A, calls for an oil sp.gr. ^ 1-010- 
1-065; completely liquid on warming to 38°C., 
and on cooling remaining completely fluid after 
standing 2 hours at 32°C. ; water content not 
more than 3% ; yielding on distillation to 205°C. 
maximum 6%,to230°C. maximum40%,to 315°C. 
maximum 78 w/w%, residue above 315° soft 
and not sticky; phenols 5-16%; matter insoluble 
in benzole maximum 0-4%. Typo A2 admits an 
oil of sp.gr. 2 ® 0-995-1-065, the other clause 
being as before, except that no maximum is 
specified for the phenol content and the 
maximum allowable distillate at 315° is 85%. 
Type B covers creosote from coal-tar made in 
Scotland, the details being as for Typo A2. 
Creosote from low temperature tar is admitted 
under type A2, with a minimum specific gravity 

0- 935, and blast furnace creosote under type B 
with similar limits. Creosote required for brush 
application should be fluid on cooling and stand 
ing at 15-5°C. for 2 hours. For the distillation 
test a standard side arm flask and thermometer 
graduated for 100 mm. immersion are employed. 
The American Railroad Engineers Specification 
for No. 1 grade oil is sp.gr.j®. 6 not less than 

1- 03; water maximum 3% ; matter insoluble in 
benzole maximum 0-5% ; distillate on a water- 
free basis up to 210° maximum 5%, to 235° 
maximum 25%; coke residue maximum 2%. 
The distillation test uncorrected for barometric 
pressure is performed in a special standard 
flask, a total immersion thermometer being 
employed. Tho American Railroad Engineers 
Association oil in general meets the continental 
specifications, except that in Scandinavia and 
Germany the maximum distillate to 235° is 
limited to 20%, and a phenol clause is included 
(Scandinavia, 3-8%). 

Commercial oils are sometimes diluted with 
oil-gas tar and its distillates, or with mineral 
oils ; these mixtures have a lower conservation 
value. In America coal-tar creosote solutions 
are employed, of which at least 80% is a distillate 
from coal-gas or coke-oven tar, and tho remainder 
refined or filtered coke-oven tar. The standard 
American Wood-Preservers Association specifica- 
tion is sp.gr.jj.j 1-05-1-12; water maximum 3% ; 
distillate on a water-free basis to 210° maximum 
5%, to 235° maximum 25% ; matter insoluble in 
benzole maximum 2% ; coke residue maximum 
6%. Literature . — Proceedings of British and of 
American Wood-Preservers Associations. 

Carbolineum is a fluid, high-boiling, tar-oil, 
distilling maximum 10% at 250°C; sp.gr. at 
20° 1-08—1-1 1 ; phenols maximum 10%; water 
maximum 1%. 

The A.R.E.A. Specification for anthracene oil 
covers an oil of sp.gr.^ 1-09-1-13; distilling 
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not more than I'5% to 235®, 16 6% to 300®, 
46% to 355°; water maximum 05%; coke 
residue maximum 2%. 

Other outlets for creosote oil are : 

Disinfectants and Sheep Dips . — An oil suitable 
for disinfectant manufacture Bhould have sp gr. 
0 95-1 00 and distil mainly between 200® and 
300°. The oil 6houid be free from crystallisable 
naphthalene at 5®C., and the tar acid content 
(mainly cresols) will vary with the type of pro- 
duct required. Oils yielding pink emulsions are 
not favoured for sheep dips. 

Fuel Oil for Furnace Wort, particularly w the 
metallurgical and glass industries, is fed through 
atomising burners operated by compressed air, 
and should normally have specific gravity not 
exceeding 1 07 at 38®C ; water content not ex- 
ceeding 1 0% ; flash point not below 150®F. 
(c/.BS 603/1033). 

The above oil may require steam heated 
storage and pipe lines, which serve not only to 
prevent separation of naphthalene or anthracene, 
but also to lower the viscosity and improve 
atomisation in the burner Alternatively, the 
creosote may be mixed with oil gas tar, de 
hydrated coal-tars, or with petroleum fuel oils 
In blending with oils of specifio gravity below 
unity, the specific gravity of the mixture 
requires careful attention to avoid mixtures of 
unit specific gravity. Owing to the high 
carbon and low hydrogen content, the heat lost 
in flue gases is low. The gross calorific value is 
of the order of 16,600 BTh.U. per lb. The 
removal of phenols from tar-oils raises the calorific 
value by about 35 B.Th.U. per lb. for each 
1% removed On the Continent a mixture of 
80% tar oil and 20% pitch has been employed, 
specification being flash point (Pensky. Martin) 
minimum 75°C. (open) ; viscosity maximum 
8° Engler at 20® ; no deposit at 8°C. for 2 hours ; 
free carbon maximum 4% ; calorific value 8,600 
g -cal minimum. 

SparL Ignition Engine Fuel . — Considerable 
attention has been directed to this potential 
market. Creosote oil can bo used with a greater 
thermal efficiency than petrol, but preheating of 
the oil entering the cylinder 13 necessary, 
and the employment of a volatile hydrocarbon 
fuel is necessary, for starting up the engine, and 
for use when idling. Advance has been made in 
the design of suitable dual carburettors, but the 
results have not fulfilled expectations (Inst. 
Gas Eng. Report, 1934) The creosote oil should 
bo free from crystallisable naphtbaleno at the 
prevailing atmospheric temperatures, should 
distil almost wholly below 265°C , the water 
content should not exceed 0 50% ; phenols 
maximum 10% ; and the coke value (Conradson 
test) should not exceed 0 1%. An alternative 
fuel is obtained by admixture of the creosoto oil 
with up to 20% of crude benzole or solvent 
naphtha. These fuels have a high antiknock 
value and are suitable for engines of high 
compression ratio, but crank case dilution is 
high and plug gumming troubles are difficult to 
overcome. 

Compression Ignition Engine Fuel — Creosote 
oils were used during the period 1914-1919 in this 
country and in Germany for large stationary 
Diesel engines. In 1929 the German consump- 


tion still amounted to 16,000 tons. Creosote oil 
has a high spontaneous ignition temperature 
(440-490® in oxygen) and modifications m 
engine design are necessary to ensure satisfactory 
r unni ng. Improved nozzles and flame plates to 
give fine atomisation have led to success The 
compression should not be less than 480 lb. per 
sq. m , the fuel admission must be advanced and 
pilot jet ignition employing a petroleum distillate 
normally 2 to 4% of the total fuel at full load, !» 
used. Although slight modification to alow- 
speed Diesel engines may overcome difficulty of 
high ignition temperature, this property, together 
with long ignition delay of tar fuel oUs, renders 
them unsuitable for employment in the modem 
high-speed engine of the Diesel type. It has been 
shown that the phenols are partly responsible for 
the high ignition temperatures, but their 
removal does not reduce the ignition tempers 
ture to a figure comparable with that of the 
petroleum Diesel oils. Blending with shale oils, 
paraffin oils, and synthetic oils (Gluckauf, 
1930, 29, 697) has given promising results, and 
the cetene number of creosote oils has been 
raised from about 15 to a satisfactory figure of 
the order of 45 by the addition of 30% and 
upwards of these oils. Experimental work 
employing added primers, substances of low 
spontaneous ignition point such as tnnitro 
resorcinol, methyl nitrate, hydrazine perchlorate, 
mtroxyl ethylene chlorhydrm, etc., has not jet 

S elded useful results, partly due to cost (c/ 
,P. 436027, 461320; G P. 574678, 612073) 
Successful results are claimed by the employ- 
ment of an insulated catalyst contact mass 
(thorium oxide or platinum on asbestos wool 
or \ anadium pentoxide supported on silica gel) 
built into the pre-combustion chamber of the 
engine in the path of the atomised oil. It 
has been shown that tar-oils which give a 
Moore ignition temperature in oxygen of 440- 
470® give ignition temperatures of. 165-180“ 
in the presence of platinum on asbestos, the 
normal figure for American gas oil being 24S“C. 
(Gldckauf, 1932, 68, 980). Developments w 
design, including better atomisation and In- 
creased temperature of fuel either within or 
prior to tho combustion chamber, may produce 
an engine that is less fuel-senaitn e. A suitable 
oil mdy have the following characteristics : fluid 
at prevailing atmospheric temperatures, water 
below 1%, and preferably 0 5% or lower; 
distillation test minimum 60% at 300°C.; 
matter insoluble in xylol maximum 0 2%; coke 
residue (Conradson test) maximum 30%: 
ash maximum 0 02% ; flash point minimum 
65®C.; viscosity maximum 3® Engler at 20 C. 
Some users specify maximum phenols content 
10%, maximum sulphur content 0 5%, ana 
chlorine maximum 0 02%. , 

Benzole Wash Oil to be employed for toe 
recovery of benzole from town and coke oven 
gas should have spgr. at 15°C., 1*01-1 035; 
distillation test ml at 200-210®C., not toe 
than 70% at 300°C. ; phenols normally 
but it is generally agreed the lower the better; 
water maximum 1%. The crystallisable con 
tent of naphthalene is usually specified as nu on 
cooling the oil to 65°F., or may be banted to 
7% on cooling to 45®F. the fraction distilling w 
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300 a C. Krebs (Gas- u. Wasserfach, 1930, 73, 
824) gives distillation test nil at 200°C., 90% 
below 300°, the distillation curve to be as nearly 
linear as possible. The presence of anthracene is 
undesirable. Viscosity of fresh oil is 1-5° 
Engler at 20°C., the spent oils have a viscosity 
of 8° and upwards. For data on absorptive 
capacity of oils, see “ Motor Benzole ” (Holfert 
and Claxton). 

Hydrogenation . — By treatment at elevated 
temperatures (440-500°C.) and in presence of 
hydrogen under high pressure (200-265 atmos.) 
the rate of reaction being accelerated by 
catalysts (molybdenum sulphide, or oxide, zinc 
oxide, and magnesium oxide on active carbon or 
silica gel), creosote from high and low tempera- 
ture tars undergoes hydrogenation-cracking to 
yield lower boiling spirits of increased hydrogen- 
carbon ratio. Crude low temperature tar may 
also be used as raw material. Tar-oils of 
appropriate distillation range (i.e. not distilling 
above 309-325°) may be treated directly in the 
vapour phase, but tars need preliminary treat- 
ment in the liquid phase and are fed to the 
plant with the coal where this is being treated. 
The Biilingham plant, which started operations 
January, 1935, is stated to have been designed 
to handle annually 10,000 tons low temperature 
tar, 40,000 tons coal tar creosote, 100,000 tons 
coal. The following figures are given by King 
and Cawley (J. Inst. Petroleum Tech. 1936, 22, 
601): 



Creosote. 

Low temp, 
tar. 

Low temp, 
tar oil. 

Petroleum. 
Diesel oil. 

Gasoline 

produced. 

Carbon % 

87-0 

82-0 

82-0 

86-0 

85-7 

Disposable hy- 
drogen % 

6-7 

6-9 

7-9 

12-2 

14-3 

Mol. ratio . 

0-92 

1-01 

1-17 

1-7 

2-0 


Yields of gasoline on complete conversion are 
of the order of 80 to 90% by weight or just over 
100% by volume. The octane value and other 
properties of the spirit depend upon the operat- 
ing conditions; for further information, see 
Gordon (J. Inst. Fuel, 1935, 9, 69), King 
ibid. 1936, 9, 323), Smith (Engineer, 1936, 161, 
619, 659). 

Flotation processes for the concentration of 
certain minerals, particularly sulphide ores, are 
important and widely used. A mixture claimed 
to give good results is pine oil 10%, coal-tar 
creosote 80%, coal tar 10% — the quantity of 
flotation oil employed is 1-3-5% by weight of the 
mineral treated. The content of phenols in the 
grade used should be kept constant. 

Grease Making . — Attempts have been made 
to employ the oils distilling above 300°C., 
freed from crystalline matter and having a 
viscosity 2-3-5° Engler at 60°C. as a home 
source of lubricating oils. A tendency to resinify 
and a high rate of viscosity change with tempera- 
ture are serious disadvantages (Bruhn, Stahl u. 
Eisen, 1919, 39, 402, 469 ; Broche, Gliickauf, 
1932, 68, 965). These oils have been employed 


as a sealing oil in waterless gasholders. They 
are also employed in the production of axle 
greases, the oil being mixed with slaked lime and 
rosin oil. 

Brick Oil. — A heavy fluid creosote of sp.gr. 
1-06-1-08 at 60°F. 

- Lamp (Flame) Black is manufactured by 
partial combustion of the oil in a limited air 
supply. The yield is according to the carbon 
content of the oil and the design of the burner 
and condensing plant ; normally the figure for a 
mixture of naphthalene and anthracene oils is 
60 to 70%. Coarse and fine grades are obtained 
by fractional separation in the chambers through 
which the gases pass. 

Low Temperature Tar Creosote. — These 
oils are obtained from tars produced by car- 
bonising bituminous coking coals at tempera- 
tures below 600°C. The hydrocarbons present 
are more closely related to petroleum (paraffin 
and naphthene series) than to the gas-tar oil 
hydrocarbons, being of low specific gravity, 
naphthalene in recoverable quantities being 
absent, and the higher boiling fractions contain 
paraffin wax. The unwashed oil contains a high 
percentage of phenolic bodies (cresols and higher 
homologues) and of other bodies soluble in 
aq. NaOH. For fuller information on constitu- 
tion, see G. T. Morgan (J.S.C.I. 1928, 47, 131T) 
and Fuel Research Dept, papers. 

Low temperature tars may be directly 
hydrogenated to yield an equal volume of motor 
spirit or the tar may be submitted to distillation 
and refining processes to yield fractions suitable 
for employment as Diesel engine fuels, furnace 
fuel oils, timber-preserving oils, or for manu- 
facture of disinfectants. Typical analyses of 
oils from Coalite process low temperature tar 
(see Bristow, J. Inst. Petroleum Tech. 1936, 22, 
583) are : 

Diesel Oil. — A fraction distilling mainly 
between 200° and 300°C. which has been care- 
fully washed and redistilled, and to which 2% 
of primer has been added, sp.gr. 0-916 at 60°F.; 
closed flash-point (Pensky-Martin) 166°F. ; 
viscosity (Redwood No. 1) at 100°F. 31 seconds ; 
coke 0-08% ; cold test at 0°F. fluid ; total sulphur 
0-91%; spontaneous ignition temperature in 
oxygen 255°C. phenols nil ; calorific value gross 
18,450, nett 17,269 B.Th.U. per lb. 

Fuel Oil. — (a) Sp.gr. 0-983 at 60°F. ; water 
0-3%, ; open flash-point (Pensky-Martin) 212°F. ; 
fire-point (Pensky-Martin) 255°F. ; viscosity 
(Redwood No. 1) at 70°F. 81 seconds, 100°F. 
50 seconds ; initial and final boiling-points 
respectively 207° and 400°C. (91-5%); crude 
phenols 2-5%; calorific value 18,275 B.Th.U. 
per lb. ; sulphur 0-78%. 

(b) An unwashed grade has sp.gr. 1-0085 at 
60°F.; closed flash-point (Pensky-Martin) 186°F.; 
viscosity (Redwood No. 1) at 60°F. 53-5 
seconds; distillate to 300°C. 72%; crude phenols 
50%; calorific value 16,848 B.Th.U. per lb.; 
sulphur 0-70%. 

Timber-Preserving Oil. — A fraction to comply 
with B.S. 144/1936, has been placed on the 
market and detailed investigations of the wood 
preserving properties of this oil are being 
made. A type analysis is sp.gr. 38°C. 0-995; 
distillate to 205° 1-8, to 230° 18-3, to 315° 
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€5 3%; phenols and compounds soluble in aq. 
NaOH m distillate to3I5°C., 46%. 

Oil for Disinfectant Manvfaeture. — Spgr. 
0 978; phenols, etc, soluble in aq. NaOH, 
44%; distils mainly between 180° and 350°C. 

Blast Furvace Creosote resembles a low 
temperature tar, the specific gravity of the 
hydrocarbons being low, and little or no naphtha, 
lene being present ; the proportion of phenols 
» high (25-35%). The phenols consist of 
cresols and higher homologucs, and creosol and 
other derivatives of dihydroxy phenols are 
present, and the mixture has a high germicidal 
value. The product has a strong characteristic 
odour, resembling that of wood creosote. 
Formerly produced m large quantities in 
Scotland, it was employed for disinfectant 
manufacture and for creosotmg timber A 
washed oil used for benzole recovery had sp gr 
0 96; phenols 3 to 5%; distillation test, 
start 220°, 50% at 275°. and 70 to 75% at 
300°C. ; ep heat 0 42 to 0 44 eal /g /" C H. Moore 
quotes the following analysis: spgr 2 ® 0 903, 
distillation Btart 185°. 20% 200°, 82% 225° 
Calorific value gross 17,986, nett 17,286 B Th U 
per lb ; viscosity (Redwood) 5 7 at 70°F , 
phenols 23%, ultimate anal} sis, C 82 6, 
H 9 9, 0+ N 7 22, S 0 28% Production has 
now practically ceased, metallurgical coho now 
replacing coal for reduction purposes. 

Water Gas Tar Creosote is characterised 
by the absence of phenols It is usually rich in 
paraffins, is of low specific gravity, and may 
contain naphthalene and anthracene. 

F. M. P 

CRESATIN, m eresvl acetate 

CRESOL, C b H 4 (CH 3 )OH. The three iso- 
meric cresols exist in coal tar (Williamson and 
Fairhe, Annalen, 1851, 92, 319, Ible, J. pr. 
Chem. [ii], 14, 442, Tiemann and Sehotten, Ber. 
1878, 11, 767, 783) in approximately the follow- 
mg ratio : orMocresol, 35 to 40 , metacresol, 40 ; 
and paracresol, 25 'The crude carbolic acid 
obtained by washing the light oil and carbolic 
oil fractions from the primary distillation of coal 
tar (r/. Coal Tab, Carbolic Acid) with aq 
NaOH and decomposing the carbolato eo ob- 
tained with C0 2 , contains phenol in association 
with the three cresols and xy lends On frac- 
tionation in a still heated by steam cods operated 
under vacuum and fitted with a highly efficient 
column, there ore obtained a phenol fraction — 
an intermediate fraction which on cooling 
yields further crude phenol and a liquid of high 
or/AocresoI content — a crude oriAocresol — a 
second intermediate fraction containing & mix- 
ture of the isomeric cresols — and finally a crude 
met a para fraction. 

The two fractions of high orlhocresol content 
are refractionatcd, yielding technical o cresol, 
which is further purified by fractional crystalhsa 
tion. The crude wtia para fraction is fraction 
ally redistilled to yield a product containing at 
least 50% wefacresol (ef Csrsruc Acid) or if 
the isomers are to be separated, a process 
impossible by distillation, a close-cut fraction 
containing 58 to 60% meta-, 42 to 40% para 
cresol is collected and treated by one ot the 
following methods. 


The general method is based on the separation 
of the corresponding sulphonie acids. The meta 
para mixture is heated to 100° with four tuntj 
its weight of cone. H t SO. or the mixture u 
treated without external heating with three 
times its w eight of fuming sulphuric acid (20®' 
SO a ). Sufficient water is added to tha charge 
to reduce the boiling-point on the passage of 
superheated steam to 116-120°. The mela 
cresol sulphonate hydrolyses and tit creed 
distils over. The para-acid is finally decomposed 
by superheated steam at 140° (Raschig, Bp 
25269/1899, G.P. 114975; Bruckuer, Z. anew 
Chem. 1928, M, 1043, 1062) Altemstnely, 
Raschig proposed to separate the sulphonie acids 
by takm g ad v antage of the higher solubility of tha 
m cresol derivative m sulphuric acid, the para- 
creso] sulphonie acid being allowed to ciystal 
lis>e out by prolonged standing, the nwta 
cresol sulphonie acid being obtained from 
the mother liquors (B P. 18334/1899), oraeoluble 
sodium salt such as the sulphate, maybe added 
m sufficient quantity to form the sodium salt of 
p cresol sulphonie acid, which crystallises oat 
The separated sulphonie acids are hydrolysed 
by steam. If insufficient H 2 S0 4 is used, the 
m cresol is preferentially attacked, and the 
unconverted p-cresol can he extracted by ben 
zone (Hofraann-Laroche, F P. 434534, cf alto 
Terrisse, G P. 281054) Scbulke and Mayr 
(GP. 268780) effect preferential sulphonation 
of the m -cresol by employment of H t SO, of 
80 to 90% strength, and obtain a product 
con taming 90% m- and 10% p cresol, which u 
further purified by resulphonation with In 
sufficiency of acid or by freezing (Eiger, U 8 P. 
1015616). In G.P. 148703, sodium hydrogen 
sulphate is employed as the agent preferentially 
sulphonatmg m cresol. 

It has also been suggested to separate the 
mela - and para-creeds by means of their barium 
salts (G.P. 53307, 152652), or their calcium 
salts (G P. 152652). 

Rutgers (G P. 137584, 141421) treats the 
mixture of isomers with anhydrous oxalic acid 
or an anhydrous acid oxalate at 100°C. By thu 
means the oxalic ester of p-creso! alone « 
formed and separates out ; it 19 filtered off and 
decomposed by water into p-cresol and oxalic 
acid , the m-cresol is obtained from the mother 
liquors According to Darrens (Corapt. rend 
1931, 192, 1657; B P. 107961) the p cresol form* 
complexes that are truo addition compounds of 
1 mol. cresol with 1 and 2 mols. respectively of 
oxalic acid, formed without elimination o* 
water. Darzens separates m cresol by_ means 
of the complex formed by the combination .of » 
mols m. cresol with 5 mols. anhydrous sodium 
acetate in the presence of an organic solvent. 
The complex is separated, washed, and deeom 
posed with n ater. _ , 

Schering-Kahlbaum A G. (B.P. 297083) effect 
separation by means of the urea addition Com- 
pound of m cresol. Deaseigne (M£m. Poudiw, 
1934-35, 26, 134-157) dissolves 1-1 to 1-5 moli 
urea per mol trt cresol in the 60:40 
mixture at a temperature not exceeding 
adds petrol (b p. 120-160°) with agitation, «« 
cools to obtain the m cresol compound which 
separated and decomposed by water at 5(r , I “ 
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yield of m-cresol is given as 83% and the pure 
yam-compound is obtained from the residues by 
means of the oxalic acid compound (see also 
Bentley and Catlow, B.P. 374010). 

orf/ioCresol (2-hydroxytoluene) forms colour- 
less crystals or a white crystalline mass which 
discolours on exposure to light, crystalllising - 
point 30-45° (Dawson and Mountford, J.C.S. 
1918, 113, 925) ; 30-75° (Bridgman Physical 
Bev. 1914, [ 2 ], 3, 184) ; boiling-point at 760 
mm.- 191°C., 600 mm. 182°, 400 mm. 168°, 
163 mm. 140°, 76 mm. 120°, 49 mm. 110°, 
(Bruckner, Z. anal. Chem. 1928, 75 , 289) ; 

l-0465, v dJJ 1-0290 ; soluble to 3-0 vol. per 
cent, in water at 40° ; conductivity 0-127 X 10~® 
at 25°; n JJ ' i'h7372 ; specific heat 0-20°, 
0-499. Forms dibromo- and dinitro-derivatives. 
At low temperatures yields additive compounds 
with pyridine and naphthalene. Standard 
commercial grade has crystallising-point 30-3- 
31-0° (B.S. 522, 1938). 

melaCresol (3-hydroxytoluene) is normally a 
colourless, hygroscopic liquid when fresh, 
becoming slightly brown on keeping; crystal- 
lising-point 11-8° (Darzens, Compt. rend. 1931, 
192, 1657) ; boiling-point 760 mm. 202°, 
600 mm. 193°, 305 mm. 170°, 110 mm. 140°, 
48 mm. 120°, 19 mm. 100° (Darzens, ibid.) 
df 1-0336, d% 1-0184 ; soluble to 2-5 vol. per 
cent, in water at 40°C. ; conductivity 1-397 X 
10-s at 25°‘; nJJ* 1-5332, n™ 1-5352; specific 
heat 0-20°, 0-479; mol. heat of evaporation 
10,860 cal. Forms tribromo- and trinitro- 
derivativcs. Standard commercial grade has 
sp.gr.J5l5 1-037-1-040; crystallising-point not 
lower than 10-5° (B.S. 522, 1938). 

paraCresol (4-hydroxytoluene) forms hygro- 
scopic colourless prismatic crystals which dis- 
colour on keeping ; crystallising-point 36-0° 
(Fox and Barker, J.S.C.I. 1918, 37, 268T) ; 
boiling-point at 760 mm. 202-3°, 500 mm. 187°, 
217 mm. 160°, 106 mm. 140°, 47 mm. 120°; 

1-0347, djjj 1-0186 ; soluble to 2-3 vol. per 
cent, in water at 40°C. ; nj, 0 1-5319 (Gibbs, J. 
Amer. Chem. Soc. 1927, 49, 839). " Forms di- 
bromo- and dinitro-derivatives. At low tem- 
peratures yields additive compounds with 
pyridine and naphthalene. Standard com- 
mercial grade has crystallising-point not lower 
than 34° (B.S. 522, 1938). 

For analytical methods, see Cresylic Acid. 

Employment — The main market demand for 
the cresols is for mixtures of the isomers of 
controlled composition particularly with respect 
to the content of the ortho - or meia-cresols, or 
for the general mixture sold as cresylic acid 
(q.v.). There is, however, a growing demand for 
the pure isomers as raw materials for the pro- 
duction of derivatives required by the organic 
chemical industry. Some of the more im- 
portant uses are as follows : o-cresol is used 
to a limited and unimportant extent in the 
dyestuffs industry, the ammonium and potassium 
salts of dinitro-o cresol were previously employed 
under the name “Victoria Yellow”; p-nitro- 
o-chlor-o-cresol is a basic material for the 
production of sulphur dyes and o-cresotinic acid 


is employed in manufacture of cotton and azo 
dyes. The use of the potassium salt of dinitro- 

0- cresol as an ingredient of plant washes has 
been patented ; o-cresyl phosphate is a start- 
ing materia] for coumarin (Agfa, G.P. 246871, 
F. Raschig, G.P. 223684), and finds increasing 
employment as a plasticiser and fire retarder for 
nitro cellulose and celluloid. The resin from 
pure o-cresol and formaldehyde is odourless and 
has been patented as a shellac substitute. 

Trinitro-m-cresol ( cresylite ) has been employed 
as an explosive. m-Cresol is the starting-point 
for Musk Ambrette and for synthetio thymol. 

p-Cresyl methyl ether is employed in per- 
fumery in the preparation of synthetic ylang- 
ylang oil (Schimmel A.-G., G.P. 142859, also 
Perf. & Essent. Oil Rec. 1923, 14, 398), and 
the amino-derivative of this compound in the 
production of azo dyes. Another important 
derivative of p-cresol is anisic acid. 

Under controlled oxidising conditions (copper 
oxide and caustic soda) the cresols yield the 
corresponding hydroxybenzoic acids and by the 
action of carbon dioxide on the sodium salts 
the cresotinic acids (q.v.) are formed. 

In general, the toxicity decreases and the 
germicidal value of the phenol homologues 
increases as the alkyl group increases in com- 
plexity (Coulthard, Marshall and Pyman, 
J.C.S. 1930, 280). The phenol coefficient 
of the cresols is 2-2±0-2. A number of deriva- 
tives of m-cresol of high germicidal value have 
been prepared, e.g. amyl-m-cresol, phenol co- 
efficient 200-300 ; 5-chloro-m-cresol, phenol 
coefficient in aqueous solution 133, in Boap solu- 
tion 24, in caustic soda solution 8 (ltapps, 
J.S.C.I. 1933, 52 , 175T). 

F. M. P. 

CRESOL COMPOUNDS IN PER- 
FUMERY. A number of cresol compounds 
have recently come into vogue as synthetic 
perfume materials. Of these the following are 
the most important : paracresyl methyl ether, 
C 7 H 7 -OMe, has a well-defined odour of wall- 
flowers with a definite suggestion of ylang-ylang ; 
sp.gr. 0-978 ; b.p.' 177°; ref. ind. 1-5123. 

The butyl ether is similar, but has a. different 
“nuance.” The phenyl ether, C 7 H 7 -OPh, has 
a very powerful odour of the hyacinth-rose 
type, it has the following characters : sp.gr. 
about 1-063, ref. ind. 1-5720. p-Cresyl acetate, 
Cj^Me-OAc, is a synthetic perfume having a 
very penetrating odour of narcissus, and is used 
in many perfumes of the lily, lilac and honey- 
suckle types, it has sp.gr. 1-055, ref. ind. 

1- 5025, b.p. 209°. p-Cresyl phenylacetate, 
C 6 H 6 -CH 2 -COO-C 7 H 7 , is used to a considerable 
extent as a narcissus perfume. It is a crystalline 
substance melting at 75°. 

E. J. P. 

CRESOTIC ACID, The ten isomeric 
hydroxy-toluic acids (empirical formula, 
C 8 H s O 3 ) are sometimes called cresotic acids, a 
term which indicates their relationship with the 
cresols. In American terminology the name is 
applicable to all ten isomers, e.g. 4:3-cresotic 
acid is 4-hydroxy-3-methyl-benzoic acid. In 
the German system of nomenclature the name 
“ Kresotinsaure ” is restricted to the following 
three compounds, which are obtainable from o-. 
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m-, and p-cresol respectively by the action of 
carbon dioxide, Fometimea under pressure, in the 
presence of alkali (the Kolbe synthesis) : . 

ortAoCresotio acid, or 2 hydroxy-m-toluic acid, 
m p. IBS' 


Me 

n° H 

l Jcoo 


(For manufacture, see G.P. 138563, 624318.) 

me/aCresotic acid, or 3 hydrosy-p-toluio acid, 
m.p. 177®: 


Q» 


COOH 

pdraCresotic acid, or 4-hj drosy-m-toluic scid, 
m.p. 150° : 

Me 


(For manufacture, eee G.P 138563 ) 

They are homologues of salicylic acid which 
they resemble in general properties. Some 
derivatives have been reported to have medi- 
cinal value. 

CRESOTINIC ACID v. Cues otic Aero. 

CRESYL ETHER (rfi crttyl oxide), 
(C T H ( ) t O. There are three forms, o, m, and p . ! 
The di-ortho- compound boils at 276° and is. 
used in the preparation of artificial geranium 
perfume. 

CRESYL 1C ACID. The mixture of non- 
crystallisable, higher boiling phenols obtained in 
the manufacture of carbolic acid (g.v.) from CO’a 
carbolic acid is, after re distillation, known com- 
mercially as cresylic acid or liquid carbohc acid. 
When a good market demand exists, the creosote 
oil fractions distilling after the carbolic oil 
fraction (t>. Coal. Tab) may also be washed with 
caustic soda solution for the recovery of the 
phenol contents. (For recovery processes from 
ammoniacal liquor, tee Cabbouc Acid). The 
product is a clear liquid varying in coIout from - 
white to dark reddish or yellowish- brown, and 
containing 95. to 100% phenols according to 
gTade, the chief impurities being neutral oils! 
(naphthalene and methylnaphthalene), pyridine 
bases, and water. The normal refined product 
consists substantially of eresols and/or xylenolfl, 
and may contain phenol in relatively small 
amounts. Formerly cresylic acid contained o-, 
m-, and p-cresols in the proportions they occurred 
in the carbohc oil, t e. 35:40:25, but the develop- 
ment of the synthetic resin (phenols formalde- 
hyde) industry has led to a demand for products 
of closely standardised ortho- and/or tnela- 
cresol content, with the result that ordinary, 
cresylic acid may vary somewhat widely in 
composition. The specific gravity may bo within 
the limits 1-030 and 1-050, and the distillation 
range may lie within the limits 190° and 220°C. 
The acid should be sweet smelling, contain not 


more than traces of sulphuretted hydrogen, and. 
react neutral to moistened litmus paper. The 
“British Pharmacopeia ” 1932 quality hai 
sp gr.”® 1-035-1-050; on distillation not most 
than 2% passes over below 188° and not less 
than 80% distils between 195° and 205°. The 
hydrocarbon content is below 06%, bases 
calculated as C 6 H t N below 0 1%, residue oa 
evaporation below 0 1%. The acid is almost 
completely soluble in 50 parts of water, tie 
solution having a pungent taBte, and freely in 
alcohol (90%), ether, chloroform, light 
petroleum, glycerine, and in fixed and volatile 
oils. The purer grades dissolve in dilute caustic 
soda to give a clear solution or one from which 
only a few fiakes of naphthalene separate on 
standing. B.S S. 615, 1938, recognises fin 
grades, the purest grade containing not mors 
than 0 5% impurities (water, pyridine bases, 
and neutral oils), and the lowest grade up to 6% 
impurities, of which not more than 2 5% may 
be neutral oils. The standard cresylic acid of 
high mehzcresol content is a colourless to pale 
straw liquid and has spgr. 1 035-1 WO, 
metacresol content 60-65%, water content 
below 0*5%, neutral oilsand bases each separately 
below 0-1% and distils 92% between 199° and 
204 °C. (e/. B.S. 621, 1938, and German and 
Japanese Pharmacopoeias). The corresponding 
product of high orthocreeol content contains net 
less than 45% orMocresol, has «p gr-JJ* 
1-045-1 050, distils not less than 90% between 
192° and 200°, and conforms to the impunty 
limits quoted above for the high me (aerosol 
product (e/. alto Cbesols) . 

Cresylic acid is highly poisonous. The phenol 
coefficient as determined by the Bideal-Walker 
method lies between the limits 2 and 5, depend- 
ing upon the proportion of higher phenoli 
present. Cresylic acid from low temperature 
tars and some vertical tars tends to give s Pink 
solution in alkalis, and a number of metnodi 
have been patented for overcomuig this dis- 
advantage (B.P. 397847, U.S.P. 1822842). 

Mtthods of Analytit . — The eresols and 
homologues may be identified by means of the 
corresponding aryloxyacetic acids formed br 
heating the sodium salt of the phenol wth 
chloracetic acid (Fischer, Ges. Abh. Kennt. Kotue, 
1917,2, 236 ; Bruckner, Z. angew.Cbem. 1928,41. 
1043, 1062). A method based on the fractional 
hydrolysis by steam of the sulphonie acid deriva- 
tives may also be employed. The phenol cur 
ture is well shaken with an equal part of 1 84 
H t S0 4 and then heated to 103° . for : 3 
hours to convert the o sulphonio acids into tu« 
p acids which are more stable at higher tempera 
tures. The unconverted phenols are stea® 
distilled at 103° to 104° and finally the tempera- 
ture is raised to the hydrolysing pom** 
m cresol being liberated at 116-119°. phenol 
at 123-126°, and o- and p- eresols at 133-13® • 
These last are separated by conversion into toe 
cresoxy-acetic acids, the Bodium salt of the orw>- 
isomende being tbe more soluble in 
Wehuizen (Rev. trav. chira. 1918, 37, 276! | an 
Steinkopf and Hopner (J. pr. Chem. l« z > 
[uj, 113, 137) employ the crystalline pW 
u re thanes to characterise the phenols. 
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orlhoCresol is quantitatively determined by 
the method of Potter and Williams (J.S.C.I. 
1932, 51, 59), which is based on the property of 
o-cresol of forming a crystalline compound 
of definite crystallising point with cineole. A 
mixture of 8-40 g. of the dry sample, which must 
contain more than 30% orthocresol, and 12-0 g. 


pure cineole is prepared and the approximate 
crystallising point determined. The mixture is 
then warmed to a temperature approximately 
6°C. above the crystallising point until all but 
the last traces of crystal are melted, and the 
crystallising point determined by the usual 
method. The percentage of o-cresol is ascer 
tained by reference to the following table, which 
is based on the use of cineole of crystallising 
point 1-2°C. : 

Crystallising point of o-cresol 
o-Cresol In sample. cineole complex. 

% °C. 

100 66-4 

90 63-0 

80 49-6 

70 45-8 

60 41-5 

60 36-7 

40 31-0 


Precautions are necessary to ensure absence of 
water. 

If the preliminary test shows that the o-cresol 
content is lower than 30%, the test is repeated 
using a mixture of equal parts of the sample and 
of pure o-cresol. The cineole and the sample 
tested must be quite dry. The test gives reliable 
results in the presence of phenol, m-, p-cresols 
and xylenols (J.S.C.I. 1938, 57, 212). 

melaCresol is determined quantitatively by the 
method of Raschig (Z. angew. Chem. 1900, 13, 
759) which depends upon the formation of the 
trinitro derivative when m-cresol is treated 
at boiling temperature with nitric acid in excess, 
while the o- and p-cresols under these conditions 
are completely oxidised to oxalic acid. The 
sample Bhould not contain more than 1% of 
water, 5% of phenol or 10% of xylenols. The 
m-cresol content should be between 45 and 80% ; 
10 g. of the sample are weighed into a 50 c.c. 
flask and mixed with 15 c.c. 96% sulphuric acid. 
After being heated for an hour at 95-100°, 
the contents are poured into a wide-necked 
litre flask and rapidly cooled under the tap 
with a circular motion to spread the compound 
over the sides of the flask. 90 c.c. of dilute 
nitric acid (sp.gr. 1-38-1-40) are taken in a 
cylinder and employed in small quantities to 
rinse the sulphonio acid from the small flask 
into the litre flask. The flask is then shaken at 
arms’ length in a fume cupboard until the 
sulphonic acid is completely dissolved. Gentle 
agitation by swirling is continued until the re- 
action commences as shown by the copious 
evolution of brown fumes. The flask is allowed 
to stand for 20 minutes on a plate of insulating 
material and the contents are then poured into a 
porcelain dish containing 40 c.c. water, the flask 
being thoroughly rinsed out, using in all 40 c.c. 
water. The dish and its contents are allowed to 
stand 2 hours ; the solid mass of tiinitro-TO- 
cresol is then reduced by means of a pestle to a 
coarse powder and transferred completely to a 


tared Gooch crucible. For the transference of 
the remainder of the solid and the washing of the 
powder, a total of 100 c.c. water delivered from a 
fine jet wash bottle is employed. The crucible 
and contents are dried to constant weight at 
95° to 100°C. Under these condition 1 g. of 
m-cresol yields 1-75 g. of trinitro-m-cresol. The 
powder Bhould remain solid at the temperature 
of drying indicating freedom from excess 
xylenols ; otherwise the test Bhould be repeated 
with the addition of a known weight of pure 
m-cresol to the original sample. The general 
conditions and, in particular, the quantity of 
nitric acid, must be strictly adhered to in order 
to prevent the development of dangerous 
conditions ( see “ Standard Methods for Testing 
Tar and its Products,” 2nd ed.). 

Phenol in cresylic acid is determined by 
Chapin’s method (Ind. Eng. Chem. 1920, 
12, 771), which is based on the fact that 
formaldehyde quantitatively bleaches the colour 
developed by treating phenol with Millon’s re- 
agent (an aqueous solution of neutralised mercury 
nitrate), whereas the colour developed by higher 
phenols with the reagent remains unchanged. 
See also qualitative and quantitative tests given 
in article on Carbolic Acid. 

Uses. — The total production of cresylic acid 
in 1935 in Great Britain was of the order of 
5 million gallons, of which about 35% was 
exported. The U.S.A. take a special grade which 
on distillation yields not more than 5% phenols 
at 190° and not more than 75% at 215°C. ; this 
grade is admitted duty free, the British export 
figure to U.S.A. in 1935 being 789,158 gallons. 
Chile takes 300,000 gallons cresylic acid for 
employment in the froth flotation process for the 
concentration of minerals. 

The main home markets are for : 

1. Synthetic resins of the phenol-formalde- 
hyde type — the demand is mainly for a product 
of m-cresol content standardised within ±1£% 
of an agreed figure, normally lying between 50 
and 58%. Cresylic acid is employed in place of 
phenol by reason of lower cost, consistent with 
good electrical and chemical resistance of the 
resin. orrtoCresol tends to retard, whilst 
metacresol assists resin formation. 

2. Disinfectants. — This market absorbed 
456,000 gallons in 1934. This figure includes 
the acid used for lysol, emulsifying disinfectants, 
which give a milky emulsion with water, and 
which are employed as sheep dips, veterinary 
fluids, or for household disinfectants, soaps, 
and disinfectant powders. 

3. Froth flotation of minerals. 

4. Synthetic tannins, tricresyl phosphate (a 
lacquer and varnish plasticiser and fire retarder 
for nitrocellulose), methyl cyclo-hexanol (solvent, 
plasticiser, and wettiDg agent for textiles), 
explosives. 

5. Inhibitors in production of motor fuels 
(high orrtocontent preferred). 

6. Lubricating oil refining by solvent methods 
(Chem. Met. Eng. 1935, 42, 246 ; Oil and Gas J. 
1935, 33, (45), 86 ; 33, (51), 16). 

7. Pure cresols for manufacture of derivatives 
required by the dyestuffs and perfumeiy 
industries. 


F. M. P. 
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CRESYLITE. An explosive consisting 
mainly of 2.4 6-trmitrom</acresol which has 
been used in France for filling projectiles A 
mixture of this explosive with 40% of picnc 
acid made by melting the two components under 
water has also been used for the same purpose 
under the name of Cresyhte 60/40 or Cresyhte 
No. 2. 

Manufacture — Trinitrocresol can be manu 
factored by a similar process to that used fox 
picric acid. In order to obtain a high yield it is 
necessary that the c resol vised should consist 
essentially of the raeta modification, since the 
other isomera are large!) destroyed during the 
nitration process u ith considerable loss of nitric 
acid. 

According to Wnde (Arms and Explosives, 
1920, 28, 47) 28 kg. of crcsol are mixed with 
120 kg of sulphunc acid (92%) in a aulphona 
tor and stirred for one hoar, the mixture 
attaining a temperature of about G0°C The 
sulphonated crcsol is then run into a nitrating 
pot similar to that used for picnc acwl, con- 
taining 98 kg, of Chili nitrate and 170 kg 
of nitric acid (38%) The whole of the sulpho- 
nated crcsol is added in 4 hours. During the 
first quarter of an hour air agitation is employed 
to ensure complete mixing of the materials. 
At the end of tho 4 hours air is again blown 
in for half an hour, after which about 80 litres 
of cold water are carefully added, air agitation 
still being used After standing for about 
8 hours, the mother liquid is removed and the 
explosive washed and dried 

Field. — Theoretically, 100 parts of cresol 
should yield 225 parts of trinitrocresol, but 
by the above process the maximum yield is about 
160% of the raw material 

Properties — Commercial trinitrocresol is a 
yellow substance consisting chiefly of tnmtro 
me/acresol with a small percentage of other 
isomers. It is considerably less soluble than 
picric acid in water, 1 part of tbe explosive 
dissolving in 450 parts of water at 20°C., but is 
readily soluble in alcohol and ether. 

Pure 2:4.6-trmitrocresol melts at 109 5°C., 
but tho melting-point of the commercial product 
is about 100°C. It has an acid reaction and 
forms salts analogous to the picratee. The 
tnnitrocresylites, however, are not so sensitive 
to shock as the prorates 

Trinitrocresol is somewhat less effective than 
picric acid aa an explosive and requires a power- 
ful initiatory impulse to cause complete 
detonation. 

According to Knst, aqueous suspensions of 
the explosive dissolve appreciable quantities of 
metals such as lead, iron, xino and copper, but 
have no appreciable action on aluminium 

H. 8 

CRISALBINE (May and Baker). Gold, 
sodium thiosulphate, used in the treatment of 
pulmonary tuberculosis. 

CR1STOBAL1TE. A native form of silica' 
(SIO,) crystallising in the cubic system (pseudo- 
cubic). It was first recognised by G. vom Rath 
in 1886 as regular octahedra up to 2 mm. 
across, associated with tndymite, \n cavities in 
andesite from the Cerro de San Cnstfibal, near 
Pachuea in Mexico. It has since been found in < 


volcanic rocks in the Rhenish district. Central 
France and California, and in certain meteorites 
Tho milk-white, translucent crystals are twinned 
and exhibit optical anomalies ; these disappear 
suddenly at ft temperature Of 175°, the crystals 
being then truly cubic; on cooling, the bi- 
refrmgence reappears. Sp_.gr. 2 34, haidneea 
6-7, refractive index 1-49, birefringence 0 0005. 

Quartz when heated passes into fi tridynute 
at 870°, and this in turn passes into fi enstobahu 
(or metacnstobalite, the cubic, optically isotropic 
modification) at 1470°. On cooling, the latter 
passes into the birefringent o-enstobahte at 
180-270°. The refractive index of this artificial 
cristobabt“ is about 1-484, being slightly higher 
than that of tndymite (1-477) ; m p. 1710°. 
Cubic crystals of silica have also been obtained 
artificially by heating an aqueous solution of 
colloidal sibca with hydrofluoboric acid at 200° 
under a pressure of 26 atmospheres. Cnsto- 
bahte has also been detected m silica-bricks. 

L. J. S. 

CRITH . The weight of a litre of hydrogen 
at 0° and 760 mm. pressure — viz. 0 0898 g. 

CROCEIN ACID, 2 n&phthol S-sulphonic 
acid. Used in making croceine scarlet and other 
dyes. 

CROCETIN and CROCIN. Crocetmand 
crocin are carotenoid components of saffron 
(Crocus sativus). They are related in that 
crocin (I, R=gentiobioso residue), the major 
component of the saffron pigment, is the di- 
gentiobiose ester of the dicarboxybc acid crocetin 
(I, R=H) (Karrer and Miki, Helv. Chim. Acta, 
1929, 12, 985, Karrer and Salomon, ibid. 1933, 
16, 643). 

CH CH.CMe CH.CH CHiCMe COjR 
J!h CH CMe CH.CH-CH.CMe CO t R 
I. 

Crocin, C 44 H 44 0. 4 , is readily aolublo in hot 
water but practically insoluble in alcohol or 
ether. On acid hydrolysis it gives crocetin and 
glucose, whilst with alcoholic ammonia the di- 
carboxybc acid is formed together with gentio- 
biose. Crocin is extremely sensitive to dilute 
aqueous potassium hydroxide giving a quantita- 
tive yield of crocetin (as potassium salt) With 
aqueous methyl alcoholic alkali, however, an 
extraordinarily facile esterification of the croce- 
tin occurs with formation of the mono- and di- 
methyl esters 

Crocetin, C 10 H S4 O 4 , is insoluble in water 
and in most organic solvents with tho exception 
of pyridine, from which it separates in ml 
coloured leaves, m p. 275-276°, which exhibit 
absorption maxima at 463 and 434 5 m/i W 
chloroform ; the potassium and sodium salts 
are yello w m colour. „ 

Crocetin monomethyl ester, tap. 218, 
separates as reddish -yellow plates from chloro- 
form-methyl alcohol. Two stereoisomer! o di- 
methyl esters of crocetin are known, the labile 
cia isomer, m.p. 141°, being converted into the 
stable irons - form, m.p. 242°, on exposure to 
light. The latter separates from chlorofora- 
methyl alcohol in orange-red plates and exhibits 
optical maxima at 463 and 434 5 mp in chioro- 
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form. On thermal degradation it yields 2:6- 
dimethylnaphthalene, toluene, m-xyleno 
together with the dimethyl ester of l:4:8-tri- 
methyloctatetraene l:8-dicarboxylic acid (II), 
which is formed by the remarkable transforma- 
tion illustrated below : 

CH-CH=tCMeCH:CHCH:CMeC0 2 Me 

H;H-CH:CMe-CH ? !-CH-CH:CMeCO a Me 



CMeCH:CHCH:CMeCO a Me 

l;H-CH:CMe-C0 2 Me 

n. 

The Structure of Crocelin . — Titration with 
alkali shows that crocetin is a dicarboxylic acid ; 
on catalytic hydrogenation, crocetin dimethyl 
ester absorbs tbe equivalent of 7 mols. of hydro- 
gen (Karrer and Salomon, Helv. Chim. Acta, 
1927, 10, 397 ; 1928, 11, 513), from which it 
follows that crocetin is acyclic. 

Since oxidation with chromic acid proves the 
presence of 4 extracyclic methyl groups, the 
7 ethylenic linkages must be disposed between 
14 carbon atoms. On this evidence a satisfac- 
tory formulation (I) for crocetin was advanced. 


This structure, and especially the location of 
the methyl group side chains, has been con- 
firmed by the synthesis of perhydrocrocetin 
(Karrer, Benz and Stoll, Helv. Chim. Acta, 
1933, 16, 297). 

Again the degradation of perhydrocrocetin to 
the diketone, C 18 H 34 0 2 (III) : 

HOjC’CHMe — X — CHMe-C0 2 H 

Br; KOH 

H0 2 CCMe(H0)XCMe(0H)C0 2 H 
MeMgl | on acid chloride 
HOMe 2 CCMe(OH)X-CMe(OH)CMe 2 OH 

| Pb(OAc) t 

Me-CO— - X— CO-Me 
III. 

and the synthesis of this diketone (6:ll-dimethyl- 
hexadecane-2:15-dione) (Karrer and Lee, Helv. 
Chim. Acta, 1934, 17, 545) afford a further 
confirmation of the correctness of the structure 
allocated to crocetin : 


Et0 s C-CH 2 -CHMe-CH 2 -C0 2 Et 


Na; EtOH 


OH-CH,-CH.-CHMe-CH.-CH,-OH 


Na; Etl 


EtOCH.-CH.CHMeCH-CH.-OH 


PBr 3 ; Na 


CH 2 (OEt)-CH 2 -CHMe[CH 2 ] 4 CHMeCH 2 CH 2 OEt 


HBr; CHNa(C0 2 Et) 2 

(hydrol) 

MeZnl on 


H0 2 C-[CH 2 ] 3 -CHMe[CH 2 ] 4 -CHMe[CH 2 ] 3 -C0 2 H 


acid chloride 


MeCO[CH 2 ] 3 -CHMe[CH 2 ] 4 -CHMe-[CH 2 ] 3 -CO-Me 

HI. 


In addition to crocin, crocetin, carotene, 
lycopene, and zeaxanthin, saffron also contains a 
colourless glycoside, picrocrocin (IV), the 
presence of which led Kuhn and Winterstein 
(Ber. 1934, 67, [B], 344) to suggest that crocetin 
iB evolved by a phyto-chemical oxidation of a 
xanthophyll according to the following scheme : 


CHCH:CMe-CH:CH-CH:CMe-CH:CHR 

i{H-CH:CMe-CH:CHCH:CMc-CH:CH-R 
Xanthophyll glycoside. 

CH-CH:CMc.CH:CH-CH:CMe-CO„H 
[| “ +2R-CHO 

CHCH:CMeCH:CH-CH:CMe-CO,H 
Crocetin. 


CMe 2 


— C 


CH, 


R= 


IV. 


McC CH-OGI 

\ / 


CH, 


I, M, H. and F. S. S. 


CROCIDOLITE. (Ger . Krokydolith.) A 
mineral of the soda-ampbibole group, consisting 
of sodium and iron (ferric and ferrous) silicate, 
NaFe"'(Si0 3 ) 2 -Fe"'Si0 3 . It is known only in 
a finely fibrous form, its name, in fact, being from 
KpoKvs, KpoKvSos, wool. In the trade it is 
known ns blue asbestos, and it is worked for the 
same purposes as the other varieties of asbestos 
(q.v.). It is, however, more readily fusible (to 
a black magnetic glass) than are tremolite- 
asbestos and serpentine-asbestos. The mineral 
has been long known from the Asbestos Moun- 
tains near the Orange River in Griqualnnd West, 
South Africa, where it occurs abundantly as 
veins, 1 or 2 inches in thickness, in jasper- 
schists. The closely aggregated parallel fibres 
are arranged perpendicularly or nearly so to the 
walls of the veins ; and the material is extracted 
as slabs. It is now extensively mined for 
commercial purposes (A. L. Hall, Asbestos in the 
Union of South Africa, Mem. Geol. Survey South 
Africa, 2nd ed., 1930, no. 12; M. A. Peacock, 
Amer. Min. 1928, 13, 241). 

Being an alkali silicate with ferrous iron, 
crocidolite is especially liable to decomposition 
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when exposed to weathering ; sodium is re- 
moved, and the iron oxidised and hydrated to 
form hmonite, while the silica i3 set free. There 
then results a ferruginous quartz possessing the 
finely fibrous structure of the original mineral ; 
or, m other words, a pseudomorph of quartz 
and limonite after eroeidolite. This material is 
coloured a rich golden yellow, and displays a 
silky lustre, and being at the same tune very 
hard, it is well adapted for ornamental purposes. 
When cut and polished with a convex surface, it 
displays a cat's eye effect, and it is extensively 
used for making knobs, umbrella handles, beads, 
etc. Such material is known as tiger's eye, 
though, unfortunately, in the trade the name 
eroeidolite is very frequently misapplied to it. 
The name psevdo-croctdohte would be more 
appropriate. In some stones there has been 
aUicification without oxidation, and the mdigo 
blue colour of the original eroeidolite has been 
preserved : material of this kind is known as 
hawL't eye. The stones are sometimes stained 
artificially with dyes. See also Asbestos. 

L. J. 8 

CROCIN v. Cbocettn 

CROCOITE or CROCOISITE. Lead 
chromate, PbCr0 4 , crystallising in the mono- 
clinic system. The name was originally given in 
the French form crocoise by F. S. Beudant in 
1832, from Kpixoe, saffron , this was later changed 
to crocoisxte, and afterwards to the more correct 
form crocoite This mineral is the only chromate 
of any importance found in nature, and in it the 
element chromium was discovered. It is found 
usually as crystals which are bright hyacinth- 
red in colour with a brilliant lustre ; the streak 
is orange yellow. On exposure to light the 
crystals soon deteriorate in translucency and 
brilliancy. Sp gr. 6 0, hardness 2J-3. Crocoite 
is a mineral of secondary origin m veins of lead 
ore and is often associated with gold. It is found 
at Beresovsk in the Urals (where it was dis- 
covered in 1766), Congonhas do Campo near 
Ouro Preto in Brazil, Luzon m the Philippines, 
Umtali in Rhodesia, and as very fine crystals 
at Dundas in Tasmania. The mmeral has been 
used as a pigment, being identical in composition 
with the artificial product chrome yellow. 

L. J. S 

CROCUS OF ANTIMONY v. Antimont 

OXYSULPIUDE. 

CRONSTEDTITE, H»Fe 4 'Fe;"Sl s O 20 , a 
variety of thuringite. 

CROOKES ITE. Aeelemde of copper, thal- 
lium (T| 16-18%) and silver forming compact 
masses with lead-grey colour and metallic frstre 
Sp gr. 6 9, hardness 2J-3. It occurs embedded 
in calcite in the Skrikerum mine, Sm&land, 
Sweden. Although a rare mineral, it is of 
interest in being one of the few minerals contain- 
ing thallium in considerable quantity. It wa3 
named in 1866 in honour of Sir William Crookes 
(1832-1919), the discoverer of thallium. 

L. J. S. 

CROPS. The composition of cropB is usually 
expressed in terms of a conventional senes of 
analyses, which, though they do not necessarily 
pick out sharply any particular plant con- 
stituent, are widely used for comparative 


purposes. Many crops are grown directly or 
indirectly as feed for livestock. Virtually 
all the quantitative information on digestibility 
and nutritive values is based on the same 
analyses, which are also used in the proper 
balancing of rations. For such practical pur- 
poses the figures are sufficiently precise and are 
unlikely to bo supplanted by any other system. 
For research purposes, however, the use of this 
system of analyses is unwise, as misleading results 
are apt to be obtained. The analyses commonly 
carried out are as follow (see Ministry of Agri- 
culture, Fertilisers and Feeding Stuffs Regula- 
tions, 1932, No. 658). 

1. Dry Matter. — A weighed quantity of the 
sample is dned at 100°. 

2. Ether-soluble Substance (expressed often as 
crude fat or oil). — The material is treated in a 
Soxhlet extractor with ethei or light petroleum 
for 3-4 hours, and if Decessary dned, ground 
finely with sand, and re extracted for a further 
period of 1 hour. The solvent is evaporated 
and the oil dried at 100°. 

3. Crude Protein (total mtrogenx8 25 ). — 
Total nitrogen is determined by some ipodifica- 
tion of the Kjeldahl method. 

4. Crude Fibre — About 2 g of the dry 
material, previously extracted with light 
petroleum, is placed in a conical litre flask, 200 
ml. of hot 1 25% sulphuric acid is added and 
brought to the boil within 1 minute Boding 
is contmued gently for exactly 30 minutes, the 
original volume being maintained and the flask 
being rotated every few minutes The contents 
of the flask are then poured into hot water in a 
Buchner funnel in which a filter paper is 
supported by a piece of cotton cloth Filtration 
must be effected within 10 minutes. Tbe 
residue is washed free from acid with hot water, 
and washed back into the corneal flask with 
200 ml. of hot 1-25% sodium hydroxide. The 
contents of the flask are again boded gently for 
30 minutes and filtered through filter paper or 
cloth. The residue is washed thoroughly with 
hot water and ddute acid, and again with water 
till free from acid It may then ho transferred 
to an ashlesa filter paper after further washing 
with alcohol and ether, and dried to constant 
weight. The ash may be determined by in- 
cineration and deducted from the weight of the 
fibre This correction is often omitted. 

6. Ash. — The ash content is determined by 
incineration at a dull red heat preferably jn a 
muffle furnace. 

The Bum of the analyses, ash, crude fibre, 
crude protein, and ether-soluble constituent* 
is commonly far from 100, and the difference 
is accordingly taken and described as “ soluble 
carbohydrates ” or “ nitrogen-free extractives.” 
This fraction frequently amounts to 60% or 
more of the material. A partition of the nitro- 
genous constituents is sometimes introduced, 

“ true protein ” or “ pure protein ” being that 
fraction precipitated by a protein precipitant 
such as copper acetate or metaphospbono acid. 
The difference between crude protein and 
true protein is sometimes expressed as 
“ amides.” 

Analyses of some of the principal crops, other 
than cereals ( q o.), grown m Great Britain are 



CROPS. 431 

given in Table I. It should be emphasised I according to age, variety, season, and soil 
that the composition may vary considerably | conditions. 

Table I. 


Proximate Composition op Crops . 1 


Crop. 





Dry 

matter. 

Ether- 

soluble. 

Crude 

protein. 

Crude 

fibre. 

Soluble 

carbo- 

hydrates. 

Ash. 

Root Crops — 






mm 



21-0 

1-1 

Potatoes .... 

, 




25-0 

M 9 

2-1 

0-7 

Mangolds 





12-5 

ft 

1-3 

10 

8-9 

1-1 

Sugar beet . 





23-4 

■ 1 

1-1 

1-1 

20-4 

0-7 

Swedes .... 





12-2 

m 9 

1-5 

1-3 

8-2 

0-9 

Turnips .... 





9-2 

la 

1-2 

M 

5-9 

0-8 

Carrots .... 





13-2 

0-3 

1-2 

1-5 

9-2 

1-0 

Parsnips .... 





15-0 

0-3 

1-3 

1-2 

11-3 

0-9 

Potato haulms . 





23-0 

1-0 

2-5 

6-2 

10-2 

3-1 

Mangold leaves . 





11-0 

0-4 

2-4 

1-6 

4-6 

2-0 

Sugar beet tops . 





16-2 

0-5 

2-0 

1-6 

8-7 

3-4 

Turnip leaves 





11-6 

0-5 

2-2 

1-5 


2*1 

Legumes — 









6-9 

2-1 

Clover (green) 





18-5 

0-8 

4-4 

4-3 

Lucerne (green) . 





24-0 

0-4 

4-1 

7-2 

9-9 

2-4 

Sainfoin (green) . . 





20-0 

0-6 

3-5 

6-9 

7-8 

1-2 

Tares (green) . 





17-5 

0-5 

3-2 

6-1 


1-5 

Field beans (grain) . 





86-5 

1-7 

25-3 

8-1 

48-3 

3-1 

Field beans (straw) . 





81-6 

1-1 

8-1 

36-0 

31-0 

5-4 

Field peas (grain) 





86-1 

1-9 

23-1 

6-7 

52-7 

2-7 

Field peas (straw) . 





86-3 

1-6 

90 

35-5 

33-7 

6-6 

Soya beans (grain) . 





89-2 

16-9 

33-9 

4-8 

28-9 

4-7 

Soya hay . . . 





91-6 

3-8 

15-8 

24-3 

38-8 

8-9 

Clover hay . . 





83-5 

2-9 

13-5 

24-0 

37-1 

6-0 

Lucerne hay . 





83-5 

2-6 

14-2 

29-5 

29-2 

8-0 

Sainfoin hay . . . 





83-6 

2-5 

13-2 

28-0 

32-5 


Other Crops — 









8-4 


Kale, thousand-head 





15-8 

0-4 

2-2 

3-1 

Kale, marrow-stem . 





14-0 

0-5 

2-2 

2-5 

6-9 


Mustard .... 





14-9 

0-4 

2-9 

2-9 

■ea 

■29 

Cabbage .... 

■ 


• 

• 

11-0 

0-4 

1-5 

2-0 

■ 


Grasses — 

Rye grass (perennial) 





24-8 

0-7 

2-9 

7-1 

11-5 

2-6 

Pasture grass 




. 

20-0 

1-1 

5-3 

2-6 

8-9 

2-1 

Meadow hay . 




. 

85-7 

2-5 

9-7 

26-3 

41-0 

6-ff 

Meadow hay (aftermath) 



* 

85-2 

3-4 

11-5 

22-5 

39-3 

8-5 


1 Some analyses have been taken from " Rations for Livestock,” Min. of Agrlc. Bull. 48. 


This system of analysis is more satisfactory 
when applied to root crops than to mature 
materials such as hay. The carbohydrate con- 
stituents appear in the two groups “ crude 
fibre ” and “ Boluble carbohydrates,” the latter 
consisting of any non-nitrogenous material which 
is soluble in or hydrolysed by hot 1-25% alkali 
and acid. The crude fibre residue is composed 
almost exclusively of cellulose, but even so only 
represents 70-80% of the cellulose of the tissue. 
It may bo accompanied by a small but variable 
proportion of the lignin. The major part of the 
lignin passes into solution in the hot dilute 
alkali and is therefore included as a “ soluble 
carbohydrate.” For this reason analyses of a 
maturing material do not reveal the extent of the 
changes undergone on Iignification, since the 
“ crude fibre ” figure only increases in propor- 


tion to the increase in cellulose, and contains no 
estimate of the lignin which may so profoundly 
affect digestibility. While the “ soluble carbo- 
hydrate ” fraction of root crops and starchy 
grains is more or less accurately so described, 
that of maturer materials is misleading in that it 
includes lignin and polyuronide hemicelluloses 
which are structural constituents associated with 
the “ fibre.” 

The nitrogenous constituents commonly 
expressed as crude protein are not all in that 
condition, and frequently only 6(1-80% may be 
precipitated by protein precipitants. The 
remainder may occur in a number of simpler 
forms such as peptones, amino-acids, amides, 
and even nitrate in small amounts. Asparagine 
has been found in a number of plants and is 
believed to play an important part in meta- 
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holism. The magnitude of the error caused by 
calculation of the total nitrogen as crude protein 
is not great. 

Root Crops — The chief differences between 
the various root3 are in the nature and pro- 
portions of the carbohydrate reserves stored 
therein. In potatoes the characteristic carbo- 
hydrate is, of course, starch, which is deposited 
in the cells as granules with a banded structure. 
Approximations to the starch content of potatoes 
may he made from the specific gravity of the 
tuber. The amount usually stated to be present 
is in the neighbourhood of 20% of the fresh 
weight, though direct determinations of starch 
usually give a slightly lower figure of 70-75% 
On the dry weight, A small amount of suga 
may also be present normally, and this may b 
increased if the potatoes have been subjected to 
low temperature in storage. In sugar beet, 
mangolds, swedes and turnips the chief simple 
carbohydrate is sucrose, stored in the root, the 
amounts usually found descending in the order 
named. The concentration of sucrose 
sugar beet is very high, though variable An 
average figure appears to be about 18% of the 
fresh weight. Concentrations a ’ ’ "" 

have been found. The sucrose is always accom- 
panied by a certain amount of reducing Bugar. 
Traces of raffinose may be present and may 
accumulate in beet sugar molasses (p. Beet). 

The leaves of the sugar beet are lower in 
sucrose than the root but may contain much 
higher amounts of reducing sugars. Analysis 
of the whole plant, and leaves and roots 
separately have been given by Knowles, Watkin, 
and Hendry, J. Agnc. Sci 1934, 24, 

Whole 

plant Leaves Boots 
Dry matter . . . .20 26 14-21 25-10 

On dry Basis, 

Ash 8 60 2100 2 09 

Total sugars as sucrose . 63 68 14 57 71-40 
Sucrose 

Reducing sugars . 


investigated, the most recent report being that 
of Davies on mangolds (J. Agric. Sci. 1923, 16 

Legumes — The importance of leguminous 
crops lies in their high protein content, and in a 
number of cases the proteins have been frac- 
tionated and constituent ammo acids deter- 
mined (». Osborne and collaborators, J. Amer. 
Chem. Soc. 1690-1903, and later m J. BioL 
Chem.; also Davies, J. Agric. Sci. 1926, 16, 
280). Detailed analyses have been made - of 
lucerne at various stages of growth and intervals 
of cutting (Graber, Wis. Agric. Expt. Sta. Rea. 
Bull. 80, 1927). Separate analyses of leaf and 
stem have been earned out by Woodman 
(Woodman and Eden, J. Agric. Sci. 1935, 25, 
578) and expressed on the dry basis : 

Young Youog Mature Mature 
. , leaf stem leaf, item 

Ash . . . . 12 26 9 78 13 94 7 03 

Ether-soluble . 3 43 1-20 3 01 1-03 

Crude protein . 30 13 16 97 23 48 fi 44 

Crude fibre . . 12 99 30 77 13 39 44 36 

Soluble carbo- 
hydrates . . 41-19 41 28 4618 3814 

The nature of the fraction described as soluble 
carbohydrates has not been examined, but it is 
probably composed to a considerable extent of 
hemicelluloses and bgnin together with about 
10% atarch. The leguminous seeds also 
contain starch, the granules being of charac- 
teristic size and shape Soya beans are unusual 
in containing up to 20% oil, which has found 
commercial uses. The ash of leguminous plants 
(other than seeds) is usually distinctly high in 
calcium, as will be seen in Table II. 

Other Crops — Because of its increasing use 
i a winter feed kale has been the subject of 
investigation by Woodman (Woodman, Evans 
and Eden, J. Agnc. Sci. 1936, 26. 212). The 
compositionsoftbe twoleadmg varieties, marrow- 
stem and thousand -bead, are very Bimilar: 


Mangolds also contam considerable quantities 
of sucrose, but not at such a high concentration, 
6-8% sucrose is commonly found. The dry 
matter of mangolds (10-13%) is much lower 
than that of sugar beet, eo that on the basis of 
dry matter the difference between sugar beet and 
mangolds is not great. The yield of mangold 
roots per acre is more than twice that of Bugar 
beet, but nevertheless, the Bugar beet as the 
more concentrated source has the advantage. 
The leaf/root ratios of these two crops are 
entirely different. One part of top makes on the 
average 0-75 parts of root of the Bugar beet, and 
5 parts of root of mangolds. Swedes and turnips 
contain less sucrose, 4-5% having been recorded. 

It should be mentioned that the cell wall of 
these roots contains pectin in amounts higher 
than is met with in most other tissues except 
certain fruits. Pectin from the sugar beet par- 
ticularly has been the subject of investigation by 
Ehrlich (Ehrlich and von Sommerfeld, Biochem. 
Z. 1926, 168, 263; Ehrlich and Schubert, 
Ber. 1929, 62, [B], 1974). The nitrogenous con- 
stituents of root crops have not been extensively 


Ash 

Ether-soluble 
Crude protein 
Crude fibre . 

Soluble carbohydrates 


11-49 
2 81 
14 64 
18 34 
52-72 


15 81 
21 29 
49 07 


Separate analyses of the leaf, marrow, and rind 
have been made in the case of marrow-stem 
kale: 

Leaf. Marrow. Bind. 

Ash 14 86 15-19 7 05 

Ether-soluble . . 3 33 1-34 0 81 

Crude protein. . . 13 87 12 03 7 72 

Crudefibre . . . 12 45 13 06 290S 

Soluble carbohydrates 65-49 58 38 65 34 

The marrow of the kale stem is rich in sugar, the 
major part being in the form of reducing sugars, 
not as sucrose : 

Marrow stem kale. Thousand head kale. 
Oct. 14. Jan 24. Mov.20. Feb.M. 
Total sugars . 54-37 45 53 47-57 43 81 

Reducing 

sugars . . 50 32 21-85 29 90 29 24 

Sucrose . . 4 05 23 68 17 67 14 67 
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Grasses. — The composition of grass varies 
widely according to the species, age and 
manurial conditions. Young spring growth is 
higher in protein than summer growth, unless 
nitrogenous fertilisers are applied. Aftermath 
may generally be taken as containing more 
fibre than spring growth of a similar nitrogen 
content. Analyses of the nitrogenous constitu- 
ents of grasses have been made by Chibnali 
and Miller, J. Biol. Chem. 1931, 90, 189 ; 
Greenhill, Biochem. J. 1936, 30, 412). The 
latter found the proportion of the total nitrogen 
present as true protein to be more or less 
steady in intensively grazed pasture grass, the 
value being usually between 85% and 90% 
and rarely below 80%. Abnormally high 
proportions of non-protein nitrogen have 
occasionally been observed and have been 
believed to be the cause of digestive disturbances 
in stock. 

The figure for soluble carbohydrates in grasses 
and hays is commonly 40-50%, but this is due 
largely to the deficiencies of the system of 


analysis, as mentioned earh'er. Small amounts 
of fructosans have been reported in grasses, 
and amounts up fo 30% have been found in 
young ^rye grass, disappearing as maturity is 
approached (Norman, Biochem. J. 1936, 30, 
1354). Detailed analyses of many grasses have 
been made by Fagan (Welsh Plant Breeding 
Station, Bull. Series H, No. 3, 1924; No. 9, 
1926-27), by Woodman, and by S. J. Watson 
(J. Agric. Sci. 1928-1936). 

Ash of Crops. — The mineral constituents of 
crops have acquired a new importance in view of 
advances in animal nutrition and the recognition 
of the role of minor elements in development and 
maintenance of condition. Aspects of this 
question are dealt with by Sir John Orr 
(“Minerals in Pastures,” 1 929). The composition 
of the ash was originally studied as a result of the 
view that the fertiliser requirements of the plant 
could best be determined by a knowledge of the 
constituents taken away from the soil by that 
particular crop. Some ash analyses are given 
in Table II. 


Table II. 


Composition of the Ash of some Crops. 



Ash on 



As % of ash. 




basis. 

' CaO 

k 2 o 

Na z O 

MgO 

P 2 ° E 

Cl 

Sl0 2 ’ 

Potatoes 

3-99 

1-53 

58-27 

0-06 

3-48 

12-86 

7-27 

0-58 

Mangolds 

6-70 

3-58 

35-90 

19-34 

2-13 

9-34 

3-87 

0-97 

Sugar beet 

2-99 

15-39 

27-42 

— 

— 

18-40 

4-02 

4-02 

Swedes 

5-58 

12-12 

39-17 

5-24 

3-02 

9-83 

2-48 

0-72 

Clover 

8-15 

37-37 

13-10 

0-58 

5-10 

3-75 

2-26 

0-54 

Lucerne (leaf) 

13-94 

40-10 

15-35 

0-50 

— 

4-52 

3-59 

0-86 

Lucerne (stem) 

7-03 

25-46 

33-01 

0-57 

— 

6-69 

5-12 

1-28 

Beans (grain) 

3-27 

5-60 

40-58 

2-12 

6-61 

30-69 

2-43 

0-41 

Beans (straw) 

5-80 

28-39 

8-07 

14-57 

3-12 

2-31 

2-49 

3-08 

Peas (grain) 

2-53 

5-74 

44-31 

0-39 

8-97 

29-30 

0-45 

0-37 

Peas (straw) 

5-87 

40-34 

11-78 

9-90 

8-30 

8-26 

3-84 

10-66 

Lucerne hay 

Kale, thousand-head 

11-27 

21-22 

34-44 

1-24 

3-91 

8-78 

9-85 

0-27 

Kale, marrow-stem 

11-49 

21-32 

33-85 

2-26 

3-39 

7-83 

11-23 

0-87 

Rye grass . . 

9-59 

8-02 

— 

— 

— 

6-77 

6-77 

45-45 

Pasture grass 

9 03 

8-71 

35-40 

5-13 

— 

8-64 

9-62 

21-70 


Other Methods of Analysis. — The system 
of analyses of organic constituents described 
above is official in the sense that tile evaluation 
of feeding-stuffs is based upon it. There is, 
however, a distinct movement towards analyses 
which determine as closely as possible each 
important constituent instead of indefinite 


fractions. A proximate system was proposed by 
Waksman and Stevens (Ind. Eng. Chem. [Anal.], 
1930, 2, 167), which, while not perfect, is 
a considerable advance. This procedure tends, 
to over-estimate the hemicelluloses at the 
expense of the cellulose. Examples of analyses 
by this system are given in Table III. 


Table III. 


Proximate Composition of Some Plant Materials (Waksman and Stevens). 



Maize stalks. 

Lucerne. 

Timothy hay. 

Oak leaves. 

Ether and alcohol soluble fraction 

3-42 

10-41 

2-90 

9-93 

Hot water soluble fraction .... 

28-27 

17-24 

16-92 

10-26 

Hemicelluloses 

20-38 

8-52 

22-07 

15-62 

Cellulose 


26-71 

26-09 

17-18 

Lignin 

9-68 

10-78 

16-21 

29-66 

Crude protein 


8-13 

3-25 

3-47 

Ash 

7-40 

10-30 

5-68 

4-68 
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Figures for cellulose and lignin contents would 
frequently be of value in considering the com- 
position of crops and particularly in following 
developmental changes which are very imper- 
fectly reflected in simple crude fibre determina- 
tions. Detailed studies of this nature have been 
earned out on a vanety of materials (Norman 
S. Agric. Bci. 1933, 23, 216 ; Buston, Biochem 
J. 1934, 28, I02S; Phillips and Goss, J. Agne. 
Res. 1935, 51, 301 ; Norman, Biochem. J. 1936, 
30, 1354). Although, of the structural con- 
stituents, cellulose and Lignin may be determined 
with some degree of accuracy, the same cannot 
yet be said of the bemicelluloses A laborious 
procedure of direct extraction and weighing has 
been suggested (Preece, Biochem. J. 1931, 25, 
1304), and used on grasses and leaves (Buston, 
Biochem. J. 1935, 29, 196), but a more ex- 
peditious and accurate method of determining 
this important group of polysaccharides is 
required. 

A. G. N. 

CROTAL1N/E v. Blood Ahticoagulahts. 

CROTINE v. Crotok Oil. 

CROTON OIL ( Oleum erotomt. Oleum light 
of the Pharmacopoeias; Fr hutle de petxts 
pxgnons d'lnde) is obtained from the seeds 
of the shrub or small tree Croton Ttglium L. 
(Fam. Euphorbiaceae), which is indigenous to 
S. India and Ceylon but found in. cultivation in 
other tropical regions of 8. Asia and Oceania 

The oil, which amounts to about 30-45% 
of the whole seed (equivalent to 43-63% of the 
kernel) is recovered commercially by expression 
or by extraction with solvents (alcohol, ether, 
etc.) from the shelled or unshelled seeds accord 
ing to the requirements of the various national 
Pharmacopoeias 1 : the colour of the oil, its 
physiological nctiwty, and its solubility in 
alcohol (which depends chiefly on the content of 
free fatty acids) depend on the method employed 
for its extraction 

Both seeds and od should be handled with 
extreme caution, as they not only possess 
dangerous toxic and purgative properties when 
taken internally, but also display a serious 
vesicating action when applied externally to the 
skin (distinction from Curcaa Oil, q t> ). _ 
(According to Cherbuliez, the purgative effect 
may also follow the application of tne oil to the 
akin.) 

In addition to the vesicant and purgative 
principles, which pass into the expressed or 
extracted oil, the seed kernels also contain two 
toxalbumina — crotonglobulm and croton- 
alb U m I n — (which were formerly classed together 
under the name “ crotino ” (see Still mark, 
Arb. Pharmak, Inst. Dorpat, 1889; Elfstrand, 
HabiL-schrift, Upaala, 1898; Robert, Landw. 
Veranchs-Stat, 1913, 79-80, 97)), sucrose and 
glycose glycosides, and about 1-4% of a glyco- 
side, croto noslde, which has been identified as 
the d-nboside of 2-hydroxy-6 amino-purine ( iso - 
guanine), and which (in small doses at least) 

1 Descriptions of Oleum emlontt (Oleum Ttghi), 
which appeared In former editions have been omitted 
from the most recent revisions of the British (1032), 
United States (1936), and Dutch (1926) Pharma- 
copoeia* : liniments containing croton oil still appear 
In the BJP C. 


has no harmful physiological action (Cherbuliez 
and Bernhard, Helv. Chun. Acta, 1932, 15 afii 
855, 978). 

Croton oil is used to a limited extent as a 
drastic cathartic (usually in admixture with 
castor oil or other diluent), and more frequently 
as a constituent of rubefiant liniments, etc , m 
cases of pneumonia, sciatica, etc. 

The vesicating action of the seeds and oil is 
associated with an amorphous material, termed 
“ Naturgiftstoff ” by FlaschentrSger (Bohm 
and Flaschentrftger, Arch. exp. Path. Phann. 
1930, 157, 115; Ic, infra ) and "R6sine de 
croton " by Cherbuliez, Ehnmger, and Bernhard 
(Helv. Chim. Acta, 1932, 15, 658), which can be 
extracted by purely physical methods (extrac- 
tion with methanol) from croton oil, or in some- 
what higher yield (c. 1-3%) from the seeds 
themselves. This material varies in its pro- 
perties according to the manipulation employed 
for its lecoveiy, and appears to consist of a 
complex mixed unsaturated ester (or mixture of 
esters) containing some free hydroxyl (phenoho 1) 
groups : it is extremely sensitive to alcoholysis, 
especially in the presence of alkalis, and it is 
almost certain that the glassy, toxio croton 
resin, recovered by even such mild methods as 
were used by Dunstan and Boole (Proc. Roy. Soc 
1895, 58, 238), Bohm (1915, lc., infra), and 
other early investigators represented a product 
of the partial decomposition or modification 
of the original natural toxin Croton resin, 
like the “ Naturgiftstoff " from which it is 
derived, displays the toxic and vesicating 
properties of the oil to an enhanced degree, 
but is very easily saponified by alkalis (sec 
Dunstan and Boole, l e , ; FlaBchentrdger, G P 
638004, and lc., infra*), yielding a complex 
mixture of physiologically inactive products; 
these include a crystalline tricyclic phenolic com- 
pound, phorbol (C t0 H„Og7), containing five 
hydroxyl groups and three unsaturated linking*, 
and about 32-35% of a complicated mixture of 
fatty acids, among which formic, acetic, iso 
butyric, tiglic, caprylic, capnc, launc, myristic, 
palmitic, oleic and lmohc acids have been 
identified (Bohm, Arch, exp Path. Pharm, 
1915, 79, 138 ; Spies, J A mer. Chcm. Soc. 1935, 
57, 180; J. Org. Chem. 1037, 2, 62); higher 
'saturated acids and more unsaturated acids 
appear to be absent. 

Little is known concerning the cause of the 
purgative action of the oil, which would appear 
to be attributable to some factor other than 
the croton resin, since Cherbuliez finds that 
croton oil, from which the bulk of the toxic 
resin has been extracted, still retains its cathartic 
activity. The “ crotonoleic” acid of Bucbheim 
(Wagners Arch. Hedk. 1872, 13, 1, 20; 1873, 
14, 1), end of Robert (Chem.-Ztg. 1890, 14,656) 
has been shown by Dunstan and Boole to 
have been an impure mixture of croton ream and 
fatty acids. Both croton oil and croton resin 

1 rhorbol ami the product of Its benzoylatlon are 
physiologically inactive, but tbe (f tctra-)acetate is 
highly toxic ; on treatment with sulphuric acid, 
phortol yields the ketone crotophorbolone, 
(Hajchcntrigcr and von Falkenhausen, Antalen, 1934, 
514, 252, BOhm, I laschentrgger, and_ Lendli-, Arch 
exp. Path. Pham. 1935, 177, 212; on further alkaline 
hydrolysis of phorbol. phenolic (enolic) derivatives 
are obtained. 
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lose their specific physiological action upon 
hydrogenation. 

The following analysis of croton oil by 
Flaschentr&ger and von Wolffersdorff (Helv. 
Chim. Acta, 1934, 17, 1444'; cf. Schmidt and 
Berendes, Annalen, 1877, 191, 94) indicates 
roughly the quantitative composition of the oil 
(the “percentages” are only approximate, since 
the item of “ loss ” amounts nearly to 14%) : 
“ Naturgiftstoff ” (toxic resin) 3-4% (the 
combined acids present in this fraction are not 
included in the subsequent figures) ; oleic acid 
37% ; linolic acid, 19% ; arachidic acid, 1-5% ; 
stearic acid, 0-3% ; palmitic acid, 0-9% ; 
myristic acid, 7-5% ; lauric, tiglic, valeric and 
butyric acids, each in traces less than (M)5% ; 
acetic acid, 0-6% ; formic acid, 0-8% ; acids in- 
soluble in light petroleum 6-9% ; “undetermined 
acids,” 0-6% ; glycerol, 7-2% ; unsaponifiable 
matter (including a sterol, m.p. I31°C.) 0-25% ; 
loss 13-8%. As the whole of the “ Naturgift- 
stoff ” -was not removed from the oil by the 
method employed, the results of the analysis 
are not inconsistent with the opinion of Bohm 
that all the lower (volatile) fatty acids, including 
the stable solid, unsaturated tiglic acid 
(CH 3 -CH:C(CH 3 )-COOH ; m.p. 64-5°C., iso- 
meric with angelic acid), are associated with the 
vesicant principle, and do not form any part 
of the glycerides constituting the true fatty oil 
of the seed. Adriaens (Congo, Dec. 1934) 
reports 89-90% of insoluble fatty acids in 
croton oil, of which 9-5-10-5% are stated to con- 
sist of saturated, and 89-5-90-5% of unsaturated 
acids. As much as 0-6% of tiglic acid has been 
isolated from crude croton oil (Geuther and 
Frohlich, Z. Chem. 1870, N.F. 6, 549, 576). 

Croton oil is strongly dextrorotatory, 
[a]p S0 +5° to +9°; owing to its remark- 
able composition, which differs widely from 
that of all other oils, its recognition by means 
of the ordinary quantitative reactions is not 
difficult : the following figures illustrate the 
usual ranges : m.p. —7° to — 16°C., sp.gr. 15 
0-9320-0-9501 ; n™ 1-4734-1-481 ; acid val. 2-55; 
saponification value 200-215 ; iodine value (Wijs) 
102-115; Reichert-Meissl value 12-13-6 (Lewko- 
witsch), 6-4-8-4 (Adriaens); Polenske value 1-3 
(Adriaens) ; true acetyl value 19-8-32-7 (Lewko- 
witsch), 5-6-11 (Adriaens). In admixture with 
other vegetable oils, croton oil may be detected 
by the characteristic reddish ring which appears 
at the junction of the liquids when a solution 
of the oil in two volumes of absolute alcohol is 
poured on to a concentrated solution of potassium 
or sodium hydroxide (Comte, J. Pharm. Chim. 
1916, [vii], 14, 38 ; the reaction is due to the 
toxic resin). 

The oil obtained from the seeds of an allied 
E. African plant, Croton megalocarpus Hutch 
(-C. Elliotlianus Pax and Eng.), 1 and known in 
pharmacy as Oleum crolcmis Elliotlianus or 
Ol. Elliott., has a comparatively non-irritant 
purgative action, and does not appear to contain 
any vesicating constituent; the characteristics 

1 Owing to a confusion in the nomenclature, the 
seeds and oil discussed in the papers quoted were 
incorrectly described as from C. Elliotianus Baill., 
which is a related Madagascan species (Priv. comm, 
from Imperial Institute, 1937). 


of the oil, viz. sp.gr. 15 0-925-0-927, saponifica- 
tion value 188-5—201*5, iodine value 138-6— 
147-5, insoluble fatty acids 94-94-8%— also differ 
considerably from those of croton oil (cf. Bull. 
Imp. Inst. 1907, 5, 237 ; 1915, 13, 39 ; 1923, 
21, 206; Cash and Dilling, J. Pharm. Exp. 
Therap. 1914, 6, 235 ; Martindale and Westcott, 
Extra-Pharmacopoeia). 

E. L. 

CROTON RESIN v. Ceoton Oil. 

CROTON ALBUM IN v. Ceoton Oil. 

CROTONGLOBULIN v. Ceoton Oil. 

CROTONITRILE v. Allyl. 

CROTONOLEIC ACID v. Ceoton Oil. 

CROTONOSIDE v. Croton Oil. 

CROTONYLENE v. Acetylenes. 

CROTOPHORBOLONE v. Ceoton Oil. 

CROWBERRY (Empetrum nigrum). The 
leaves of the crowberry contain a wax composed 
of eery! cerotate, benzoio acid, ursono, tannin, 
dextrose, and probably rutin. The anhydrous 
ursone, C 10 H 16 O, is identical with that obtained 
from the leaves of Uva Ursi. Empetrum nigrum 
contains no alkaloids or andromedotoxins or 
glucosides decomposed by emulsin (van Itallie, 
Pharm. Weekblad, 1918, 55, 709). 

CRUCI BLES. Crucibles may be described 
as hollow vessels constructed of material which 
can resist the action of heat and chemical attack 
and possess mechanical strength at high 
temperatures. This description takes no 
account of size and thus embraces types ranging 
from small laboratory utensils to industrial 
plant ; and crucibles which will give satisfactory 
results in service are some of the most difficult 
refractory articles to produce. The require- 
ments of a good crucible may be briefly outlined 
under the following heads : 

Mechanical. — Crucibles must be sufficiently 
strong to resist, without bulging, the pressure 
of the molten material they contain. In many 
cases, for example, the casting of metals, alloys 
and glass, they must be rigid at high tempera- 
tures, so that they can be lifted and handled by 
tongs, or some gripping device, without failure. 
The requisite strength can be secured by using, 
say, a suitable clay, such as those from Stour- 
bridge, Derbyshire, Klingenberg and certain 
localities in France and Belgium; by correct 
grading and proportioning of the grog and 
admixed materials, by avoidance of cracks and 
strains during manufacture, by careful firing, 
and by attention to shape and design. As a 
rule, attempts to increase mechanical strength 
by incorporating fibrous material, such as 
asbestos, in the wall, or by binding the wall with 
metal hoops, have not been successful. 

Physical. — Texture, a property which can be 
controlled by the grading of the component 
materials, must be selected according to the 
purpose for which the crucible is to be used. A 
close interlocking texture is essential for 
mechanical strength, for preventing permeation 
by molten material, and is generally stated to 
favour beat conductivity. In using crucibles 
for casting, however, they are often completely 
removed from the furnace and thus subjected 
to an abrupt change of temperature which 
renders them liable to fracture. In the case of 
clay materials, resistance to this is secured by the 
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use of a relatively largo proportion of coarse grog and that a thin lining of chalk renders earthen 
(possibly 30 to 60% of a grade retained on an crucibles less permeable to molten litharge ’* 
J-in. sieve). Such an admixture, coupled -with. From this it appears that at that time the ad van- 
exclusion of finer and intermediate grades, tagea of a carbonaceous lining were recognised, 
increases the porosity and the tendency to bnt that other materials could be used in speciai 
penetration, bo that m this, as in many other cases. The term “ earthen crucibles " was 
points, a compromise must be struck. Compared applied to what would nowadays be described as 
with metals, the heat conductivity of refractory “ clay crucibles.” Also, the mention of molten 
materials is low, though in crucibles in most litharge suggests some points with regard to the 
cases the opposite quality would bo a great destruction of crucibles by molten material, 
advantage and it is largely for this reason that Many metals have little effect, but various salts 
graphite and carborundum have been used and slags either permeate the wall or exert a 
extensively. definite solvent action on it. In this connection 

Chemical.- — The main chemical considera- reference may be made to the section on slags 
tions are the relation of chemical composition to in Percy's “ Metallurgy " (pp. 46-86), in which 
refractoriness and to the resistance to the attack the action on clay crucibles, of slags of varying 
of molten metals, slags, etc. The refractoriness composition, is specifically described in several 
depends not only upon the low content of cases. From a large number of suggestions, the 
fluxes, such as alkalis, iron compounds, etc., following are mentioned as illustrations. For 
but also on the ratio of the more infusible crucibles made of refractory clay and sand for 
oxides to one another. For example, the metallurgical use, Queneau claimed the use of 
addition of silica to some clays may reduce linings of refractory clay mixed with a substance 
the refractoriness of the mixture. Occasionally, capable of resisting the chemical operations con- 
on the other hand, a small amount of somewhat cerned, and firmly compressing the lining before 
fusible material is added to favour vitrification firing (F.P. 354319, 1905; J.S C.I. 1905, 24, 
and thus diminish the risk of permeation of a 1011). For alamimum alloys, Fraty claims a 
crucible. R. H. Stone (J. Amtr. Ceram. Soc. lining of finely ground alumina, bonded with 
1933, 16, 96-101) considers that the presence of sodinm silicate (U.S P. 1572475; J.S C.I. 1926, 
a certain amount of flux (felspar) in the Kfingen- 45, 330). For the “ Thermit ” process, Cold- 
berg clay accounts for its suitability for graphite schmidt recommended lining crucibles with a 
crucibles. Apart from chemical composition, mixture of soluble glass with magnesia and 
the temperature at which a crucible begins to corundum (F.P. 354597; J.S C.I. 1905, 24, 
soften or melt is influenced by other factors, such 1114). Peppeler claims to make the thickness 
as grain size, the finer grains appearing to be of the crucible wall sufficient to remove so much 
more fusible, and by the character of the atmo heat of the reaction that a thin layer of slag 
sphere m which they are heated, a reducing is formed on the inner surface as soon as 
atmosphere generally tending to lower the reaction begins <U S P. 1530395 , J S C 1. 1925, 
refractoriness. 44, 408). Crucibles may be rendered non- 

Resistance of the inside of a crucible to porous by treating with ferrous sulphate 
I chemical attack by molten metals, Blags, salts, solution and firing (Mitchell, U 8.P. 694845; 
' etc , is obviously a very complex and wide J.S-C.I. 1908, 27, 886) Satfl suggests soaking 
question The general principle of using an alumina crucibles (for a Tammann furnace) 
acid (sill nous) refractory in contact with an acid m an aqueous solution of aluminium cblonde 
material, and a basic (aluminous, magnesian) and heating to above 345°C., the tempera - 
with a basic, holds good. In many cases, ture of decomposition of the salt (B, 1935, 
however, crucibles are composed largely of 804). The fracture of crucibles by expansion 
neutral refractories, such as graphite and car- of sobdifying metal can be prevented by 
borundum, that b to say, those which do not lining with fnable material (Colby, U.S P. 
tend to combine with either acid or basic material, 830208; J.S C.I. 1906, 25, 934). For preparing 
a fact which bmits the range of attack to some fused quartz, Keyes suggests lining a carbon 
extent. In addition to the selection of a suitable crucible with a paste of sodium tungstate and an 
crucible for a particular purpose, on the fines appropriate binder ; the paste is spread over the 
just indicated, increased protection is often inner surface of the crucible which is then 
provided by fining the crucible with a layer of ignited in order to harden the lining, and this is 
some specially resistant material. Assuming treated with a burnishing tool or roller to give it 
that the layer adheres satisfactorily, this pro- a firm and compact surface (U.8.P. 1249637; 
ceduie baa the advantages that specific resistance J.S.C.1. 191B, S7, 69A). 

to individual forms of chemical at tack is provided Classification, Composition and Manu- 

and the inherent properties of the crucible, such tact dee of Crucibles. — The following simple 
as a coarse texture, can be retamed and con- classification, which is adequate for moat 
sequent permeation of the wall restricted, by purposes, arranges crucibles under the heads : 
developing a dense and compact layer on the Clay Crucibles, 
inside. The following quotation from Percy Carbonaceous Crucibles. 

(“Metallurgy,” 1875, p. 141) is of interest: Crucibles of Miscellaneous Materials. 

“ Lining or Brasquing Crucibles with other than Clay Crucibles are probably the oldest and have 
Carbonaceous Matter.” Berthter (Traits de* been used very largely for the melting of 
Essai' 9 , Pans, 1834, i, 83) states that he has metals, alloys and glass. The chief varieties are 
occasionally lined crucibles with silica, alumina, known under special names which are still 
magnesia or cbalk, previously moistened with retained, and the following descriptions, taken 
water, so as to make them sufficiently cohesive, mainly from Percy's “ Metallurgy,” may be 
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quoted. The clays generally used in this 
country are certain varieties from Stourbridge, 
Stannington and Derby (v. infra). A mixture of 
raw ground clay and about half its weight of 
graded grog, made from old glass-house pots 
from which all adherent glass has been removed, 
is used. The smaller crucibles are fired in a kiln, 
but the large casting pots are baked immediately 
before use, and very hard-baked crucibles are 
more liable to fracture on reheating. A very 
plastic clay, such as Dorset ball clay, which 
enables a large amount of grog to be incor- 
porated, is sometimes substituted for a part or 
even the whole of the pot clay. 

Cornish Crucibles, largely used for copper 
assaying are, according to Searle, composed of 
1 part of Teignmouth ball clay, 1 part of Poole 
ball clay, and 2 parts of St. Agnes’ Beacon Sand. 
They can be heated suddenly, but are not 
refractory enough for melting steel. Crucibles 
of this name are now made by the Morgan 
Crucible Company of Battersea. 

London Crucibles are round in shape, fine 
grained, withstand the action of litharge fairly 
well, but do not stand sudden changes of 
temperature. The name refers actually to the 
shape rather than the composition or place of 
manufacture. 

, White Fluxing Pots, also made by the Morgan 
Crucible Company, from a highly refractory 
fireclay from Rouen, have a very smooth sur- 
face, resist the action of fluxes well, but crack 
with sudden changes of temperature. 

Hessian Crticibles, largely used for melting 
precious metals and chemicals, are triangular in 
cross-section and are of varying sizes which fit 
into one another to form a “ nest.” They are 
somewhat porous, rapidly attacked by litharge, 
and very liable to fracture with abrupt change^ of 
temperature. According to Searle, they are 
made of 2 parts of Gross Almerode clay and 
4 or 5 parts of Epterode sand ; the clay melts at 
Seger cone 33 to 34 and has the approximate 


composition : 

% 

Silica 64 

Alumina 24 

Loss on ignition ... 7 

Iron oxide, lime, etc. . . 5 


They are obviously acid in character and in 
many ways resemble Cornish crucibles. 

French Crucibles are made from 1 part of clay 
(Ardennes) and 2 parts of the same clay fired 
as grog or chamotte. They are refractory, fine 
grained, and resistant to slags. 

Silica Crucibles may be made by mixing sand 
or powdered silica with an absorbent material, 
e.g. kieselguhr (Sankey, B.P. 3353, 1906 ; 
J.S.C.I. 1907, 26, 96), or with cement and water 
and, after drying, heating to the fusing point of 
silica (Reppey, U.S.P. 905295; J.S.C.I. 1909, 
28, 24), or with a little lime (Berglund, F.P. 
366830; J.S.C.I. 1906, 25, 1081). 

The tables shown on p. 438 give the compo- 
sition of some clays used for crucibles and of 
various types of crucibles. 

Carbonaceous Crucibles.— It has long been 
recognised that the incorporation of carbon 
with the clay of crucibles diminishes their 
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tendency to break with sudden changes of 
temperature and .increases the heat conduc- 
tivity without lowering the refractoriness. 
Carbon is generally introduced in the form of 
graphite, which should have a low content of 
mineral matter and a suitable texture. The ash 
should not exceed 5 to 10% and must be 
infusible and have no tendency to combine 
with the clay to form a fusible mixture. In 
texture, graphites consist mainly of thin flakes 
or of irregularly shaped grains ; the former 
tend to give a mixture which is “ slippery,” 
whereas the latter tend to pack closely, especially 
if grains vary in size. Graphite which has been 
imported during the past hundred years from 
Ceylon is particularly suitable. It contains 
about 95% of carbon and the grains are irregular 
in shape and size, ranging from minute particles 
up to several millimetres along their maximum 
dimension. During the last thirty years 
graphite has been imported from Madagascar 
and yields about 80 to 90% of carbon ; the 
flakes are somewhat straight-edged and approach 
parallelograms or polygons in form (Thiessen, 
J. Amer. Ceram. Soc. 1919, 2, 508 ; Muller, 
Ber. deut. Keram. Ges. 1935, 16, 410). 

For the manufacture of crucibles, the graphite 
is ground, sifted, digested with dilute sulphuric 
acid to remove the greater part of the iron, 
and mixed with water and kneaded to a stiff 
pnBte with about an equal weight of finely 
ground clay. The mixture is passed through a 
pug-mill and cut into blocks. When required for 
use, the blocks are again passed through the 
mill, and then shaped, dried, and fired in saggers. 
The shaping may bo done by hand, or by 
“ thr owing ” on a potter’s wheel, or by pressing 
in a mould by hand or mechanical power. 
Various moulds have been designed for the 
purpose, and the selection of any one is deter- 
mined by the size or other properties required 
in the crucible. A common form consists of a 
large block of wood (or iron) with a deep 
cavity, the curved surface of which gives the 
shape to the outside of the crucible. The block 
is known as a “ flask,” and is partly filled with 
the clay mixture into which a plug or “ stopper ” 
is forced with a rotary movement, and thus 
shapes the inside of the crucible, the space 
between the flask and the stopper being filled 
with clay which forms the wall of the crucible. 
At the bottom of the stopper is a pin, or pivot, 
which fits into a hole in the bottom of the flask, 
and the hole thus left in the base of the crucible 
has to be filled up very carefully when the 
moulded piece is withdrawn. Crucibles, like 
other ceramic articles, are also made in jiggers 
and jolleys, which shape a mass of clay into the 
required form on the outside and inside. Lastly, 
crucibles are made by the casting process, in 
which a Blip is poured into a plaster of Paris 
mould. The surfaces of the best quab'ty 
crucibles are finished by rubbing with a wet 
sponge or leather which produces a smooth 
and less pervious layer on the surface. 

Crucibles in which carbon is the predominating 
constituent have been made in various ways. 
Small crucibles have been made by turning out of 
a solid block of gas-carbon on a lathe, and 
by moulding mixtures of anthracite, charcoal, 
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Analyses of some Clays used fob Crucible Waking. 



I. 

II 

m. 

IV. 

V. 

VT 

SiOs . . . 

79 25 

48 04 

45-73 

48 03 

65 98 

4912 

Ai.d, . . 

13 57 

34-47 

34-14 

36 89 

23 37 

35-73 

MgO . . . 

0 42 

0 45 

0-74 

tr. 

0 53 

024 

CaO . 

008 

0 66 

0 79 

0 55 

0 41 

0 18 

K.O . . 


1-94 

0 45 

1-88 

0 76 


Fe,O a . . . 

1*38 

3 05 

(FeO) 1-76 
(FeS t ) 0 77 

2 36 

2 32 

056 

Na,0 . 

— 

— 

— 

— 

— 


TIO, . 

— 



— 

— 

— 

Oil 

Loss on ignition 

511 

11*26 

10 17 

Moist. 4-45 
Org. 0 70 

10 87 

6 84 
(S) 0 05 

11-95 


99 81 

99 76 

99 70 

100 63 

100 26 

99 74 


I. Stourbridge (Percy). 

II. Stanmngton, near Sheffield (Biachof, " Geeammelto Analyaen ”). 

III. Edgemont, near Sheffield (Percy). 

IV. Edenaor, near Derby (Percy). 

V. Gross Almetode (Biachof, “Gesammelte Analyaen”). 

VI. Ball Clay (Mellor and Heath, Trans. Ceram. Soc. 1909, 7, 161). 


Composition of Certain Varieties of Clay Crucibles 



I 

11 

III 

IV 

V. 

VI 

VII 

VIII 

IX 

SiO, . 

M t O, . 

6-16 

72 3 

70 9 

710 

65-2 

67 4 

68 0 ' 

72 39 

63 92 

34 4 

195 

24 8 

230 

25 0 . 

32 0 

29 0 

25 32 

40 57 

Fe,O a . 

10 

39 

38 

40 

72 

08 

22 

107 

— 

MgO . 


1 H,0 1 8 

tr. 


tr. | 

tr. 

06 

tr. 

CaO 0 38 

K t O 1 14 

S 0 23 


100 0 

97 5 

99 5 

98 0 

97-4 

100 2 

99 7 

100 30 

•04 72 


I. French, made by Beaufay at Pans (Berthier, quoted by Percy). 

II. French, made by Deyeux at Savigmes (Berthier, quoted by Percy). 

III. Hessian (Berthier, quoted by Percy). 

IV. English ateel (Berthier, quoted by Percy). 

V. St. Etienne ateel (Berthier, quoted by Percy). 

VI. Glass pota, Nemours (Berthier, quoted by Percy). 

VII. Glass pots, Bohemia (Berthier, quoted by Percy). 

VIII. Cornish, made by Juleff (Dick, quoted by Peroy). 

IX. Steel crucible, clay (Brand, quoted by Percy). 


gas carbon, etc , often with an addition of tar 
(Putz, D.RP. 181979; J.S.C.I. 1907, 28, 1030). 
Digby recommends the following composition 
Plumbago, 17- 
Plumbago, 80- 
Russian clay 
China atone 


■mesh granule8 17 parts 
mesh granules 2 „ 


Gas carbon 

The last three ingredients are ground and 
mixed with water and then the plumbago ia 
added and the crucibles formed, dried at 65°, 
and baked (B.P. 3661, 1893). 

W. Smith (B.P. 149440, 1919; J.B.C.I. 1920, 
39, 658 A) saturates porous clay crucibles with a 
suitable hydrocarbon, and decomposes this by 


heat in the absence of air, whereby the carbon 
is deposited in the pores. “ Salamander " 
crucibles, made by the Morgan Company, contain 
a smaller amount of carbon and resist sudden 
temperature changes well. 

The table on the next page gives the compo- 
sition of some carbonaceous crucibles. 

Carbonaceous crucibles, besides being highly 
refractory and resistant to sudden changes of 
temperature, ensure that material in them is 
melted under reducing conditions, and in the 
case of steel, for example, may be the means of 
introducing more carbon (Brand, Chem. Zentr. 
15, 407; Dingl. poly. J. 1885, 256, 229). 
Although the caTbon is, of course, burnt away 
during heating in a furnace, the more fusible 
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I. 

II. 

in. 

IV. 

V. 

VI. 

Carbon . 

18-60 

40-43 


34-50 

25-5 

39-77 

Si0 2 . . . 

42-78 

24-63 

51-4 

45-10 

50-0 

38-73 

A!,0- . . 

34-71 

27-89 


16-65 

20-0 

16-54 

Fe«0, 





3-5 

0-95 

1-5 

1-70 

CaO . . . 



— 


— 

0-5 

0-85 

h 2 o ... 

— 

— 

1-8 

2-50 

3-0 

0-70 

Sulphur . . 

0-49 

0-27 

* 

— 


TiO a 0-52 







MgO 0-34 







K 2 0 1-02 


96-58 

93-22 

98-9 

99-70 

100-5 

100-17 


I. Steel crucible, coke clay (Brand, quoted by Percy). 

II. Steel crucible, graphite (Brand, quoted by Percy). 

Ill, IV, and V. English blacklead fMene, quoted by Percy). 
VI. Salamander (Hancock). 


mineral constituents in some cases form a pro- 
tective glaze over the carbon particles. This 
object may also be achieved by coating the 
crucible with clay and borax, etc. (Woolford, 
B.P. 24479, 1898; J.S.C.I. 1900, 19, 52; 
McDonald, U.S.P. 828954 ; J.S.C.I. 1906, 25, 119). 

Crucibles of Other Refractory Materials . — So 
many different refractory substances have been 
suggested for the manufacture of crucibles that 
only a few illustrative examples can be given. 
On account of its refractoriness, alumina has 
often been used. Deville (Ann. Chim. Phya. 1856, 
[iii], 46, 195) employed a mixture of strongly 
calcined and gelatinous alumina, and also 
in place of the former, a material made by 
calcining an intimate mixture of alumina and 
powdered marble. Generally, crucibles are 
made from strongly calcined alumina, or bauxite 
(q.v.), mixed with a refractory clay as binding 
agent. Caspar (U.S.P. 886111 ; J.S.C.I. 1908, 27, 
568) shaped small pieces of amorphous aluminium 
hydroxide by the addition of water and then 
drying and firing them to a white heat, in a closed 
vessel. In some cases he added pure magnesia 
and thus typified many attempts on the same 
lines to form a spinel to act as a binding agent. 
Fused alumina, in the form of alundum {q.v.) 
or corindite (q.v.) has been used for crucibles, 
generally with a refractory clay as binder. 

The fibrous character of asbestos suggests 
that its use would be advantageous in strengthen- 
ing the walls of vessels containing molten matter 
and subjected to handling. Havard (“ Refrac- 
tories and Furnaces,” p. 228) recommends 
mixtures of fireclay, graphite, etc., with asbestos 
for crucibles. At the same time it must be 
borne in mind that under the action of prolonged 
heating, asbestos tends to disintegrate and lose 
its binding power. 

Carborundum crucibles are very refractory, 
mechanically strong, and resistant to chemical 
attack. Generally they are made from a 
mixture of carborundum with a highly refrac- 
tory clay to give a plastic mass (Velter, F.P. 
376179 ; J.S.C.I. 1907, 26, 1010 ; Engels, B.P. 
14567, 1901 ; J.S.C.I. 1902, 21, 1081). Many 
other substances have been used, such as glue, 


water-glass, etc. ; thus, a mixture of carborun- 
dum and ganister is pressed into shape and then 
heated in an electric furnace (Imray and 
Carborundum Co., B.P. 19493, 1902, and 3308, 
1903 ; J.S.C.I. 1903, 22, 213, 698). A strong and 
very resistant material has been made with 68 
parts of silicon carbide, 25 parts of flake or 
crystalline graphite, 7 parts of clay, and a car- 
bonaceous binder, such as tar, pitch or molasses, 
or part of the clay may be replaced by a flux 
such as borax (Buffalo Refractory Corp., B.P. 
176436, 1920; J.S.C.I. 1922, 41, 328A). 

Purified and powdered chrome iron ore, mixed 
with fireclay to which aluminium hydroxide 
has been added, may be moulded into crucibles 
and burned, with or without the addition, before 
burning, of a Bubstance rich in carbon, such as 
sugar, resin or coal (Bach, B.P. 24041, 1903 ; 
J.S.C.I. 1904, 24, 64; Klein, U.S.P. 787770; 
J.S.C.I. 1905, 24, 547). By applying a chromium 
salt to the inside of a crucible and then firing, 
a lining of sesquioxide of chromium is produced 
(Placet, B.P. 28728, 1896; J.S.C.I. 1897, 16, 
919 ). 

Lime crucibles have been made from lumps of 
well burnt, preferably slightly hydraulic, lime by 
turning on a lathe. The lime may be soaked in 
molten paraffin wax, resin or tar to prevent 
slaking (Searle, “ Refractory Materials,” p. 471). 
Larger crucibles may be made by compressing a 
layer of lime round the inside of a clay crucible, 
which has been coated inside with graphite in 
order to prevent combination of the silica and 
lime at high temperatures (Percy, “ Metallurgy,” 
p. 134). 

According to Percy (op. cit. p. 135), magnesia 
was introduced by Caron as a basic material for 
making crucibles and for lining reverberatory 
furnaces for melting and dephosphorising steel 
(Comp t. rend. 1868, 62, 296). The magnesite 
was obtained from the island of Euboea and 
must be very strongly calcined to prevent sub- 
sequent shrinkage in use, and is mixed with 
15-30% of lightly calcined (decarbonated) 
material and water to form a paste which is 
moulded, strongly compressed, dried, and fired 
at a red heat. It is interesting to note that 













440 CRD 

Gaudm is stated to have made crucibles from; 
mixture of 1 part of magnesia and I part of 
bauxite, which would presumably yield an 
artificial spinel, and is indicative of several 
recent investigations on basic refractories (.eg. 
Chesters and Parmalee, J. Amer. Ceram. Soc. 
1935, 18, 94 , J.S C.1. 1935, 54, 454B). Crucibles 
may also be made from a mixture of calcined 
magnesite with from 2 to 12% of a boron 
compound, moistened, moulded, dried, and fired 
at a high temperature (Raw son and Littlefield, 
BP. 16004, 1900; J.S.CJ. 1901, 20, 992; 
thpf. 1902, 52). The product u Baid to resist 
molten litharge. Crucibles of a similar mixture 
may be rendered porous by the addition of saw- 
dust (Dobell, B P. 10715, 1897; JSCI. 1898, 
17, 461). According to llavard (op cit p 237) 
crucibles of magnesia — and other refractory 
oxides — are made by electrically fusing the 
material (Weintraub, Met. and Chem. Eng 
1912, 10, 308) A layer of Btrongly calcined 
magnesia, finely ground in a tube mill, is spread 
on the bottom of a carbon or graphite mould. 
A carbon plug, covered with a thick layer of 
paper to allow for the subsequent shrinkage of 
the magnesia, is inserted, and the space between 
it and the wail of the mould filled with powdered 
magnesia and the whole heated m an electric 
furnace to 1,500°C (U.S P 1022011, 1912). A 
similar method is given by Kerl (“ Ilandbuch der 
gesaramten Thonuaaren Industrie,” p 963); 
powdered magnesia is filled into a carbon tube, 
fitted between two carbon blocks, the lower of 
which is cut to shape the inside of the article, and 
on passing the current the magnesia fuses and 
runs down over the shape. 

Small crucibles, usually for laboratory work, 
lave been made from such refractory oxides as 
urcoma, thona, ceria, etc (see further, Percy, 
‘Metallurgy ’’ (Fuel, etc), 1875, pp. 110-141, 
B. Kerl, “ Ilandbuch der gesammten Thon- 
waaren Industrie,” 1907, pp 932-965, Searle, 
‘Refractory Materials,” 1924, pp. 464-503, 
ilavard, “ Refractories and Furnaces," 1912, 
pp. 228-238 , C Bischof, “ Die feuerfesten 
Tone,” 1923, pp. 178-193) 

W C. H 

CR YOG EN I N E. Phenylsemicarbazide 

antipyrinc. 

C.P.Y O'-JiT E. . Vvri?i Kv0t7cAh.V K r«Vrvt 
fluoride of aluminium and sodium, found almost 
exclusively in Greenland, whence it has been 
sometimes called “ Greenland spar.” The name 
cryolite, or “ ice spar ” (Eiastem), refers to the 
general resemblance of the mineral to ice (xpvos) 
and to its ready fusibility in a. candle flame. 
The mineral was discovered by the Danes in 
1794, and described by Schumacher in 1798. 
All the cryolite used in commerce is obtained 
from a single locality at Ivigtnt (or Evigtok), 
on Arsuk-fjord in south-west Greenland This 
locality was visited by Giesecke, and later by 
J. W. Tayler (Quart. J. Geol Soc 1856, 12, 
140). The cryolite occurs as a large deposit in 
gneiss, and contains (especially near its junction 
with the enclosing rock) a number of metallic 
minerals, such as galena, pyntes and chalybite 
(t>. P. Johnstrup, N. Jahrb. f. Min. 1888, i. 
Ref. 28 ; R. Baldauf, Z. pr. Geol. 1910, 18, 
,432 ; 0. B. Baggild, filineralogia Groelandica, 


Kjobcnbavn, 1905 ; O. B. Boggild, Mcddelelser 
cm Gronland, 1912, 50, 107, and Z Kryst. 
Min. 1913, 51, 591 ; C. P. Bernard, The Cryolite 
Mine at Ivigtut, Greenland, Mining Magazine 
1916.14,202). 

Cryolite is usually found as cleavahle trans- 
lucent masses, of snow-white cotour, with a 
peculiar moist-looking vitreous lustre which 
renders the mineral easy of recognition. H. 2J 
sp gr. 2 9-3 0. Crystals are rare ; they are cube 
like in habit, and belong to the monochmc 
system, with three perfect cleavages approxi 
mately at right angles to one another. Although 
cryolite is usually white, it is sometimes coloured 
brown or reddish, and is said to pass down 
wards, in the Greenland deposit, into a black 
mass. The black var.ety loses its colour when 
heated. Before the blowpipe cryolite fuses to a 
white enamel. 

The composition of cryolite may be repre- 
sented by the foTmula3NaF - AIF s or Na 9 AlF,. 
This corresponds to A I 12 8, Na 32 8, F 54 4% 
An analysis of the Greenland cryolite by Chodney 
yielded Al 13 23, Na 32 71, Mn,O s and MgO 
0 83% (Verb Russ. Min. Ges 1846, for 1815-46, 
209) Dumev found m the cryolite of Miask in 
the Urals, Al 13 41, Na 32 31, Fe,O a and 
MiijOj 0 55, CaO 0 35% (Pogg Ann 1851, 
83, 587) DeviUe found in the Greenland cryo- 
lite 0 018% of vanadic acid and a small pro- 
portion of phosphoric acid An analysis of 
cryolite from near Pike’s Peak, Colorado, by 
Cross and Hillebrand yielded Al 12 9, Na 32 4, 
F 53 55, Fe,O s 0 4, Ca 0 28, H,0 0 3% (Amer 
J Sci 1883, 26, 271) 

Cryolite was formerly a rare mineral, but 
about 1855 it was introduced into Europe com- 
mercially, and at once found numerous applica- 
tions m the arts About 10,000 tons are 
exported annually from Greenland. By heating 
finely powdered cryolite with sodium or with 
magnesium, J. Percy and A. Dick obtained 
metallic aluminium (Phil Mag. 1855, 10, 364) 
Deville found that fused cryolite is decomposed 
by the passage of an electric current, with 
elimination of free aluminium. At the present 
time, aluminium is prepared by the electrolysis 
of bauxite, but the addition of some cryolite is 
necessary to start the process and to keep it in 
utfitaiftiumj tq/eniuuTt V&. KutiifravaviV 

A wide range of applications was suggested 
when Julius Thomsen showed in 1850 that 
cryolite is readily decomposed by heating with 
calcium carbonate, and that sodium nlummato 
may be thus obtained : 

AljF.-BNaF+eCaCO, 

«=3Na t O AljOj+SCaFj-f-BCO* 
If heated with quicklime, a similar decomposi- 
tion is effected. The Bodium alummate has been 
used in the manufacture of alum, and in the 
preparation of caustic soda for soap making. By 
lm viation, the alummate is easily dissolved out ; 
and by the passage of CO, through the solution, 
Na,C0 3 is obtained, while alumina separates in 
a gelatinous form. The decomposition of cryo- 
lite may also be effected by boiling the finely 
pulverised mineral with milk of lime. By adding 
an excess of powdered cryolite to the resulting 
eolation, tho aluminate is decomposed, the alu- 
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mina being precipitated, while sodium fluoride 
remains in solution : 

3Na*0-AU0 3 +AI 2 F e -6NaF 

=2AI 2 0 3 +12NaF 

Cryolite can be readily decomposed by the 
action of sulphuric acid, with formation of 
sodium sulphate, which can be easily converted 
into carbonate ; but the process, after trial at 
Copenhagen, has been abandoned in conse- 
quence of the inconvenience arising from the 
evolution of hydrofluoric acid : 

AI„F 6 -6NaF+6H„S0 4 

=AI 2 (S0 4 ) 3 +3Na 2 S0 4 +12HF 

The manufacture of soda from cryolite is 
carried on at Oersund in Denmark, and at 
Natrona, near Pittsburg in Pennsylvania. The 
mineral is also employed in the preparation of 
enamels on iron and for the manufacture of an 
opaline glass, somewhat resembling porcelain. 

This glass may be formed by fusing together 
106 parts of silica, 35 or 36 of cryolite, and 13 
or 14 of oxide of zinc. C. Weinreb has in- 
vestigated the cause of the milkiness of cryolite 
glass, and believes that it is due to the presence 
of aluminium fluoride, which, on cooling 
the fused mass, separates in a highly com- 
minuted condition, and being distributed 
through the glass renders it more or less opaque 
(Ding. Poly. J. 1885, 256, 361). 

L. J. S. 

CRYOLITH ION ITE. Fluoride of lithium, 
sodium and aluminium, Li 3 Na 3 AI 2 F 12 , remark- 
able in containing a higher percentage of 
lithium (5-35%) than any other mineral. It 
occurs as large, colourless, rhombic-dodecahedra 
embedded in the cryolite deposit at Ivigtut in 
Greenland. Sp.gr. 2-77, H. 211-3, n Na 1-3395, 
m.p. 710°. The mineral dissolves in 1350 parts 
of water at 18°, and from this solution crystallises 
as cubes. 

L. J. S. 

CRYOSCOPY. As early as 1788 Blagden The van’t Hoff formula assumes that the 
proved that the extent to which the freezing- solution is an “ ideal ” one and that pure 
point of an aqueous solution lies below that of solvent only crystallises from it. Should the 
water — the depression of the freezing-point, as latter condition not obtain the whole method 
it is called — is proportional to the concentration breaks down, the depressions observed being 
of the dissolved substance. Nearly a century always too low. An examination of the van’t 
later, the researches of de Coppet and Raoult Hoff formula was made for a number of solutions 
showed that when equimolecular proportions of by Hiickel, Kumetat and Severin (Annalen, 1935, 
different substances aro dissolved in equal 518, 184) and the abnormalities were shown to be 
quantities of a given solvent, the solutions so due to the formation of mixed crystals of 
obtained have, in general, the same freezing- solvent and solute. Attempts have been made 
point. It is on these facts that the use of the to connect the constant with other properties 
cryoscopic method of determining the molecular of the solvent and have been successful in certain 
weights of dissolved substances is based. cases. Thus J. F. Durand and L. Wai-Hsun 

In comparing the effects of different substances (Bull. Soc. Chem. 1936, [v], 3, 1389) showed that 
on the freezing-point of a given solvent it is the following relation applied to a number of 
obviously convenient, in view of de Coppet’s and organic substances, K=-0015 MT, where K 
Raoult’s results, to refer these effects to 1 g.-mol. was the cryoscopic constant, T the absolute 
of solute and to some definite quantity of the melting-point, and M the molecular weight, 
solvent ; in practice, 100 g. of the latter is Two main uses of the cryoscopic method must 
taken as the standard amount. The depression be clearly differentiated. The first as a means of 
of the freezing-point for such a concentrated finding approximate molecular weights, which 
solution as one containing 1 g.-mol. of solute has its main application in organic chemistry, 
in 100 g. of solvent cannot be determined and the second as a method of investigation 
directly; it is calculated from the depression in the study of the properties of solutions, 
observed for a dilute solution, on the basis of the For the latter work the highest accuracy is 
proportionality between depression and con- necessary and consequently complicated appara- 


centration. The depression, therefore, for a 
solution containing 1 g.-mol. of non-electrolyte 
in 100 g. of water is a constant, independent of 
the particular solute ; the average value of the 
cryoscopic constant for water is 18-5°. 

For each solvent, a characteristic figure can "bo 
similarly deduced from experimental data. The 
evaluation of this constant — the molecular 
depression of the freezing point — is effected by 
substituting experimental values in the formula. 
M 

K = — At, where A t is the depression of freezing- 
g 

point observed for a solution containing g 
grams of solute in 100 g. of solvent, and M is 
the molecular weight of the solute. 

It has been shown by van’t Hoff that, on 
thermodynamical grounds, the molecular depres- 
sion of the freezing-point for any solvent is 
quantitatively related to the temperature of 
freezing and to the latent heat of fusion. The 
, . . .. . „ 0-0198T 2 , 

relationship in question is Jv - ■ , where 

T is the freezing-point of the solvent on the 
absolute scale, and w is the latent heat of fusion 
per g. of the solvent. The following table 
shows how far the values of the molecular 
depression calculated for various solvents by 
van’t Hoff’s formula, aro in agreement with 
those deduced empirically : 


Solvent. 

K (found). 

K (calcu- 
lated). 

Water 

18-5 

18-6 

Acetic acid .... 

39 

38-2 

Phenol 

53 

50-5 

Benzene 

51-2 

50-7 

Naphthalene . 

69 

69-5 

Camphor .... 

400 

— 

Camphorquinone . 

457 

— 
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tns is employed, whereas for the former purpose is another hole capable of holding a large, stoat 
an accuracy of a few per cent, is sufficient and test-tube, 3-4 cm. m diameter. The lid and the 
ease and speed of working are important factors, tube are held firmly in position by the springs 
The Beckmann and Bast methods, which are By means of a cork, there is fitted in the tube 
capable of an accuracy of about 2-5%, will be another, narrower tube, to hold the liquid under 
first described and afterwards an outline given investigation. This tube should preferably 
of modem precision methods. have a flat bottom, while the part of it which 

The Method or Beckmann. — Essentially the projects beyond the outer jacket is provided 
procedure is to compare the freezing-point of the with an auxiliary side tube, and is itself widened 
pure solvent and solution using a thermometer out at the upper extremity. The cork with 
that is calibrated to read differences and not which this inner tube — the freezing tube, as it 
absolute temperatures. Such differences can be may be called — is fitted carries the thermo- 
measured with much greater accuracy than the meter, and allows also fiee passage to a stirrer, 
actual freezing points, and this fact is utilised The latter is best made of thin glass rod or of 
in all cryoscopic determinations. The thermo- nickel wire. The thermometer must be fitted 
meter has a very open Beale which covers only in an accurately central position, so that the 
5-6°C. in a length of about 20 cm. ; consequently stirrer may be moved up and down without 
it can be divided into divisions of 1/100®. touching the bulb. 

These divisions can be subdivided by eye to At the start of an experiment the freezing tube 

1/1,000° with the aid of a special lens which is charged with a weighed quantity of the 
elides on the stem of the solvent, usually 10-20 g, and the jar is filled 
thermometer and enables with water or a mixture of ice and ealt, or other 
errors from parallax to be suitable liquid, at a temperature 4-5° below 
avoided. the freezing-potut of the solvent under examina- 

A reservoir is attached tion. The freezing tube, with thermometer and 
to the upper end of the stirrer, is immersed directly in the jar, until the 
thermometer tube so that temperature haa fallen almost to the freezing 
the quantity of mercury point. It is then set in the jacket tube and the 
in the bulb may be contents are stirred regularly, while the meronry 
vaned. This permita the in the thermometer falls slowly. The fall cou- 
thennometer to be used tinuea until the solvent is more or less super- 
for different temperature cooled. In the majority of cases freezing sets 
ranges and hence with in spontaneously before the supercooling exceeds 
vanous solvents. The 0 5°, and the liberation of heat results in a 
adjustment of the rise of the mercury in the thermometer up to a 
amount of mercury in the steady maximum position. This is the freezing- 
bulb is earned out as point of the solvent — tho temperature at which 
follows. The thermometer liquid and solid solvent are in equilibrium with 
is inverted bo that the each other. It is advisable, when the thread is 
bulb is pointing vertically rising towards its steady position, to tap the 
upwards and gently thermometer before taking a reading and so 
tapped so that the mer- avoid the possibility of the mercury sticking in 
cury in the bulb begins the capillary. Should the supercooling ekceed 
to flow down the thread 06°, crystallisation ought to he initiated. This 
and into the reservoir, may sometimes be done by vigorous stirring or, 
where it is united with better, by introducing a small crystal of the solid 
any metal that already solvent. D. E. Kenyon and G. A. Hulett (J. 
happens to be there. The thermometer is then Amer. Chem. Soc. 1934,56, 1049) recommend 
turned very carefully and the bulb placed in a bath that a small glass bead wetted with the solvent 
2-3°C. above tbB highest temperature at which and then cooled in solid carbon dioxide be used 
it is proposed to work. Provided this operation m place of the crystal, which is rather difficult to 
is done without vibration the mercury will introduce. A third method is to touch the sur- 
remain joined through the thread from the face of the liquid with a thin wire which haa been 
reservoir to the bulb and sufficient mercury will previously cooled in liquid air. The freezing- 
flow into the bulb to fill it at the bath tempera- point of the solvent having been determined 
ture. The thermometer is then given a sharp two or three times in the manner just described, 
tap with the finger which detaches the excess a weighed quantity of the solute, enough to give 
mercury in the reservoir and the thread will be a depression of not less than 0 2°, is introduced, 
found to bo at the top of the scale at the required and the freezing-point of the solution is then 
temperature. If during the above operation the ascertained in the same way as that of the 
mercury thread shows a tendency to break, this solvent. Subsequently additions of solute 
may be prevented, by holding the thermometer are made and the resulting depressions deter- 
at an angle of 30° to the horizontal, instead of mined as before. One addition, it is true, 
vertically, while the mercury is flowing from the yields sufficient data for the calculation of the 
reservoir into the bulb- molecular weight of the solute, but it is desirable 

The other essential parta of Beckmann’s to ascertain abo whether the concentration of 
apparatus are seen in the diagram ahown above, the solute has any definite and notable influence 
A stout glass jar, holding about 1$ litres, is on the value obtained for its molecular weight, 
provided with a metal top at the aide of which is It is advisable, further, to redetermine the 
a hole for a stirrer, and in the middle of which freezing-point of the solvent at tho end of such a 
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series of experiments, and so obtain a guarantee 
that the zero of the thermometer has not 
changed appreciably in the course of the work. 

In the past suggestions have been advanced for 
improving the accuracy of the Beckmann 
apparatus. Many of them are now redundant 
owing to the other types of apparatus developed 
for accurate work. Consequently only those 
errors will be considered which affect the appara- 
tus when used for its legitimate purpose — the 
measurement of molecular weights with reason- 
able accuracy. The bulb of the thermometer 
may change slightly in volume during a series of 
experiments if it has previously been at a con- 
siderably different temperature. Ifthisisdue to 
an ageing process in the glass it is best to keep 
the thermometer temperature as steady as 
possible. When the bulb is thin pressure 
changes will affect the position of the thread 
appreciably. Barometric changes have been 
shown to have an effect of 0-0002°. The general 
precautions to be adopted for a Beckmann 
thermometer to be read with an accuracy of 
0-0005° are discussed at length by H. C. S. Sneth- 
lage (Rec. trav. chim. 1933, 52, 139). 

The temperature of the cooling bath is a matter 
which has to be carefully considered if the 
freezing-point depression for a dilute solution is 
to be correctly determined. Suppose that in an 
experiment with the ordinary Beckmann 
apparatus the aqueous solution in the inner tube 
cools without freezing, it is obvious that the 
lowest temperature to which the solution can 
fall must be higher than that of the cooling bath, 
because of the heat conducted from the air to the 
solution through the thermometer, stirrer, and 
tube, and because of the heat generated by the 
stirring. This lowest temperature which the 
contents of the freezing tube tend to assume when 
no freezing takes place is known as the con- 
vergence temperature. The difference between 
the convergence temperature and the tempera- 
ture of the cooling bath varies, of course, with 
each apparatus ; it decreases as the facility for 
heat exchange between the solution and the 
external air is lessened, and as the rate of 
stirring is diminished. Suppose now that the 
solution under examination has become super- 
cooled, and that it has reached the convergence 
temperature. The introduction of a crystal of 
the Bolid solvent at this stage initiates the freez- 
ing process ; heat is liberated and the tempera- 
ture of the solution rises. • Inasmuch, however, 
as, the solution is no longer at the convergence 
temperature, there is an influence at work tend- 
ing to lower the temperature of the solution, so 
that the latter never reaches its true freezing- 
point; the maximum position reached by the 
mercury is only what may be called the apparent 
freezing-point of the solution. Similarly, 
when the freezing-point of the solution lies 
below the convergence temperature, an apparent 
freezing-point is observed which is somewhat 
higher than the true freezing-point. In both 
cases the apparent freezing-point lies between 
the true freezing-point and the convergence 
temperature. In view of these considerations, it 
is necessary in cryoscopic work to keep the bath 
temperature as near the freezing-point as 
possible. The error is also automatically 


corrected if a value of K is determined with a 
substance of known molecular weight under 
conditions identical with those used for the 
unknown material. 

In choosing a solvent for a molecular weight 
determination it must be remembered that 
electrolytes in water will dissociate and give low 
values, whereas many hydroxylated and other 
organic compounds may associate in benzene 
(Bury and Jenkins, J.C.S. 1934, 688). When 
there is a possibility of these complications 
determinations must be made in more than one 
solvent. Some v, ork has been done on cryoscopy 
in mixed solvents, but the results as yet are 
more of theoretical than practical significance 
(see O. Anders, Z. physikal. Chem. 1933, 164, 
145 ; G. Scatchard and S. S. Prentiss, J. Amer. 
Chem. Soo. 1934, 56, 1486). 

Bor the determination of the freezing-point of 
liquids which are obtainable only in Bmall 
quantities — physiological fluids, for example — 
Beckmann’s apparatus, in its ordinary form, is 
too large. Modifications of this apparatus, 
suitable for the investigation of blood, urine, 
etc., have been suggested by various authors 
(Guye and Bogdan, J. Chim. phyB. 1903, 1, 
379 ; Burian and Drucker, Zentr. Physiol. 
1910, 23, 772 ; D. Thomas, Z. ges. exp. Med. 
1933, 87, 635). In these instruments only 1-2 
c.c., or in the last 0-1 c.c., of liquid is required, 
and it is claimed that the accuracy is of the same 
order as that attainable with the ordinary 
Beckmann apparatus. 

The Micro Hast Method.- — The determina- 
tion of molecular weights by the Rast method 
(Ber. 1922, 55, [B], 1051, 3727) is likely to entirely 
replace the use of the freezing-point apparatus 
of Beckmann in the organic chemistry labora- 
tory. It has the advantage of requiring only a 
very small amount of the soluto and the pro- 
cedure is simpler and quicker than with the 
older method. 

The remarkably high values for the molecular 
depression of camphor and some related com- 
pounds will be noted in the table on page 441d. 
These substances have excellent solvent action 
for the majority of organic substances and the 
fact that there is now a number of them available 
enables the molecular weight to be checked in 
two or more solvents, thus guarding against 
errors due to the separation of mixed crystals of 
solute and solvent and to association of the 
solute. Essentially the method consists in 
observing the melting-points in the ordinary 
capillary tubes of the pure solvent and of a 
mixture of known composition. This determina- 
tion can be carried out in the normal fashion 
as the depression is large enough for an ordinary 
thermometer to be used for the temperature 
measurement. It is best, however, to use a good 
lens for the examination of the mixture while it 
is melting. One of two methods of procedure 
may be adopted, the first when an amount of 
the order of 0-2 g. of the substance under 
investigation is available and, second, the true 
micro-method, which requires only a few 
milligrams. 

In the first method about 0-1 g. of the sub- 
stance is accurately weighed into a small test 
tube using on ordinary analytical balance. 
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About ten times this amount of camphor ia then 
added, the tube reweighed, and then sealed 
off at the blowpipe. The tube is heated in a 
bath at a temperature slightly above that of the 
melting-point of camphor and shaken thoroughly 
until all the solute has dissolved. The tube is 
removed from the bath and shaken while it is 
rapidly cooled. Finally it is cut open and the 
contents powdered in a small agate mortar. 
Samples of this powder are placed in ordinary 
melting-point capillary tubes and the determma. 
tlon earned out in the usual fashion ; the tem- 
perature being noted at which the last trace of 
solid disappears. The melting-point of the 
camphor alone is then determined and from the 
difference the molecular weight of the solute can 
be found by substitution in the usual formula 
Tho molecular depression constant vanes with 
the sample of camphor and it is necessary to use 
a value of K that has been actually determined 
for the sample used. Benzoic acid or naphtha 
leue are the materials that are commonly used 
for standardisation. 

For the successful operation of the second 
method some knowledge of micro-chemical 
manipulations and the use of a micro balance are 
required. A capillary tube 40 mm. long and 
2-3 mm. m diameter is weighed to 0 000001 g , 
about 02 mg. of the unknown substance is 
placed in the closed end of the tube which is then 
reweighed, ten times the amount of camphor is 
introduced and its weight also found. Tho 
capdl&ry is then drawn off at about 16-20 mm 
from the closed end, the glass being formed into a 
long fibre by which tho small bulb containing 
the charge can be held The camphor and the 
solute are melted together until the latter has 
completely dissolved and the melting-point of 
the mixture is then determined For details of 
these operations F. Pregl's “ Quantitative Micro 
analysis ” may bo consulted (3rd ed , 1937, 
J. & A. Churchill, Ltd.). 

J. Pirsch has been responsible for many 
improvements in the Bast method in recent 
years. He has described a modified procedure 
to be adopted when the molecular weights of 
volatde compounds are required (Ber. 1932, 65, 
[BJ, 1227) ; also a large number of new solvents 
have been examined. These are recommended 
Vo V'uo TwcHto thKnafiA -wAVi uimjkn 

and to bo used when the substance is insoluble in, 
or decomposes at, the melting-point of camphor. 
The more important of these materials are : 

Camphene, m p. 49°C., K=310 (Pirsch, Ber. 
1932, 65, [B], 862). 

Bomylamine, m.p. 190°C., K=406 (Pirsch, 
Ber, 1932, 65, [B], 1227). (Specially useful for 
alkaloids and basic substances.) 

Camphorquinone m p. 190 Q C , K=457 (Ber. 
1933, 66, (BJ, 815). 

cyeioPentadecaaone, m p. 65 6°C., K=213 
(Gtral, Anal. Fis. Quim. 1935, 83, 438). (Used 
for azo dyes, also for sterols and derivatives.) 

Descriptions of other materials that have 
been used will be found in the following papers 
(Ber. 1933, 68, [BJ, 1691; 1934, 67, [BJ, 1115; 
1925, 58, [BJ, 2388; BuJ. Chim. 1920, [4], 39, 
82; Rocz. Chem. 1933, 13, 720), 

Precision Cttvoscopr.— The modem theories 
of solution require experimental results of the 


highest accuracy at considerable dilution for 
their confirmation. The precise determinations 
of recent years have all been done in develop, 
ments of a type of apparatus evolved by A dams 
(J. Amen Chem. Boc. 1915, 37, 431) who used 
two Dewar vessels, ono of which contained 
400 g of ice and 600 g. of water, while the 
other had similar amounts of ice and solution. 
The mouths of the vessels were closed with corks 
and they were supported in a metal can which 
was nearly filled with ice. The can was closed 
with a double-walled lid which was also filled 
with ice. The equilibrium between ice and 
water or ice and solution required that there be 
efficient circulation of the liquid. This was 
accomplished by circulating pumps which were 
immersed in the Dewar vessels and were 
operated by glass rods passing through the 
corks and lid . One-half the liquid was displaced 
for each stroke of the pump, and consequently 
equilibrium was rapidly established, Th« 
temperature difference between tho two Dewar 
vessels was measured by a 50-junction thermo- 
couple of copper constantan, the wire of which 
was tested for homogeneity. When the E.M.F. 
was read to one microvolt the temperature could 
be determined to 0 0001°. After equilibrium 
bad been established some of the solution 
was withdrawn and its concentration deter- 
mined with the aid of an interferometer, solu- 
tions of nearly equal and known concentration 
being used for comparison. In this way 
determinations were earned out with solutions as 
dilute as 0 004 normal. 

F. Hovorka and W. H. Rodebush (J. Amcr. 
Chem. Soc. 1925, 47, 1814) introduced the 
following refinements into their apparatus. 
The mechanical stirrer was replaced by a stream 
of purified air which was found to give efficient 
mixing and not cause bo much heating as the 
previous methods. Also, instead of withdrawing 
and analysing a sample of tho liquid, the solution 
was made up to a known concentration and 
cooled with the rest of tho apparatus to a 
temperature very close to that of the equilibrium 
one. The solution was then added to the ice in 
the Dewar vessel from which the water had been 
withdrawn a few moments earlier In this way 
the equilibrium temperature was reached with- 
out uppreunAAo ihatu gb rn Vuu whulvAtiiViot, 
of the solution. The temperature difference 
was measured with a 14-junction thermo- 
element, and improvements were introduced 
into the circuit for measuring tho potential 
and excluding parasitic E.MJ'.'a. This rendered 
it possiblo to read the temperature with a 
precision of 0 00002°. 

Randall and Scott (J, Amcr. Chem. 6oc. 1927, 
49, 047 ; Randall and VanBelow, ibid- 1924, 
46, 2418) surrounded the Dewar flasks with 
substantial metal casing which enabled the whole 
apparatus to bo exhausted to the vapour pressure 
of the water, thus excluding the error that may 
bo introduced by changes in the solubility of tho 
air with temperature. The concentration of the 
solution was found from conductivity measure- 
ments. L. Ebert and J. Lange (Z. physikol- 
Chem. 1030, 149, 389 ; 1931, 163, 147) have 
introduced further improvements, their final 
apparatus being shown m the figure on p. 445. 
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A mechanical stirrer J is driven through a 
device M for preventing undue conduction of 
heat by means of the induction motor B. Since 
the armature of the motor is enclosed in the 
casing there is no need for packed joints with 
consequent leakage. The thermocouple 0 is 
enclosed for the greater part of its length in a 
Dewar vessel which minimises the conduction 
of heat down the elements. The concentration 
of the solution is again found by a conductivity 
method. Using a 30-junction thermo-element 
the temperature could be determined to 
000001°. 

Scatchard and Prentiss have also made a series 
of careful measurements for a variety of alkali 



salt solutions. Their apparatus is not evacuated 
but filled with nitrogen which they say does not 
introduce appreciable errors (see J. Amer. Chem. 
Soc. 1932, 54, 2676, 2690, 2696 ; 1933, 55, 4355 ; 
1934, 56, 1486, 2314, 2320 ; 1936, 58, 837). 

The lowering of the freezing-point of non- 
aqueous solutions has also been considerably 
developed. L. D. Elliott (J. Physical Chem. 
1924, 28, 611) described an apparatus in which 
liquid ammonia can be used. The design of the 
apparatus is similar to that of the ordinary 
Beckmann apparatus except that the cooling 
bath is contained in a large Dewar vessel and 
that arrangements are made for cooling the 
light petroleum it contains with liquid air. 
At these low temperatures a resistance thermo- 
meter is the best instrument for measuring the 
temperature. Measurements for ammonium 
nitrate and sulphurio acid in anhydrous acetic 


acid have been carried out with an accuracy of 
0-0001°C. by W. C. Eichelberger (J. Amer. 
Chem. Soc. 1934, 56, 799). E. S. Brown and 
C. R. Bury (J. Physical Chem. 1926, 30, 694) 
have studied the depression of the freezing-point 
of nitrobenzene by organic compounds. For 
work with eyciohexanol, see E. Schreiner, O. E. 
Frivold and F. Ender (Phil. Mag. 1929, 8, 
669) ; with indene, see W. Klatt (Z. physikal. 
Chem. 1934, 171, 454) ; and with ether-alcohol 
mixtures, see A. Lalande (Comp t. rend. 1932, 
195, 1267). F. Garelli and E. Monath (Atti R. 
Accad. Sci. Torino, 1926, 61, 4) have suggested 
that the cryoscopic method might be employed 
for the determination of the solubility of gases 
in organic liquids, and they have determined the 
solubility of nitric oxide and carbon monoxide 
in benzene, bromoform and nitrobenzene by 
this method. 

R. H. P. 

CRYPT AL. An aldehyde, to which the 
name cryptal was given, was stated to occur in 
the oils from Eucalyptus hemiphloia, polybractea 
and Bakeri (Penfold, J.C.S. 1922, 121, 266 ; 
Penfold and Simonsen, ibid. 1930, 403). This 
substance has now been shown by Berry, Mac- 
beth and Swanson (ibid. 1937, 986) to be iden- 
tical with the ketone, l-\A-isopropy\-A 2 -cyclo- 
hexen-l-one isolated from these oils by Cahn, 
Penfold and Simonsen (ibid. 1931, 1366). 

J. L. S. 

CRYPTOLITE v. Cebtom Metals and 
Earths, Monazite. 

CRYPTOPI N E, an isoquinoline alkaloid. 

CRYPTOTAENENE. The aliphatic 
hydrocarbon, cryplotaenene, C 10 H I6 , b.p. 67- 
68°/15 mm., df 0-8128, n™ 1-47476, [a] D +2-66° 
occurs in the essential oil obtained from Crypto- 
taenia japonica (Hjrsmo, J. Soc. Chem. Ind. 
Japan, 1926, 29, 48). It contains three ethylenic 
linkages and gives on oxidation with ozone, 
acetone, formic and succinic acids. Its con- 
stitution has not been determined. 

J L S 

CRYPTOXANTHIN v. Cabotenoids,' 
Kryptoxanthin (Vol. II, p. 399c). 

CRYSTALLISATION. The researches 
of William L. Bragg (“ Crystallisation,” Trans. 
Inst. Chem. Eng., 1927, 5, 103-109, and other 
publications) and others into the crystalline 
structure of matter have shown that in a 
crystal the molecules of which it is composed 
are arranged in a definite space lattice structure 
and are capable only of oscillatory movement, so 
that crystalline structure possesses great rigidity 
and large stresses must be applied to produce 
plastic flow. 

The spacing of the molecules in the lattice, 
although regular, is not the same in all directions 
and therefore the forces of attraction between 
the molecules will vary and result in the crystal 
possessing different properties along various 
axes. 

Each crystalline substance has its own 
characteristic arrangement of the space lattice 
structure and if the crystal is allowed to form 
freely it possesses a definite geometrical form 
having a fixed number of plane surfaces which 
are inclined to one another at definite and 
characteristic angles. 
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Many substances are known to adopt two or to tho attraction of the molecules in the 
more wholly different structures depending upon surrounding liquid. Beyond this point the latter 
the physical conditions which are prevalent force becomes the greater and the molecule 
during tho growth of the crystal and are termed tends to enter the solution, but if the vibration 
polymorphic. of the molecule is not sufficient to carry it to the 

Sometimes the conditions required to produce balance point then the attraction towards the 
a change in structure are well understood and centre of the ctystal being the greater force, 
when they are applied a ctystal is obtained which the molecule will tend to return to the surface of 
is perfectly stable so long as the conditions, the crystal. 

such as a definite transition temperature, are The same theory also applies to the molecules 
maintained. In other cases tho conditions of the solute in the surrounding liquid which not 
governing the formation of different structures being subject to a directional movement mayor 
are obscure, the rarer structures being unstable may not come sufficiently close to the surface of 
and the crystal either dissolving in the solution the crystal to be attracted towards it. The 
or breaking into minute aggregates of the greater the number of the molecules of solute 
commoner type. present in the solution surrounding the crystal 

With orgamo substances it is often difficult to tho greater will bo the tendency for these to be 
decide whether the modifications in the crystals attracted to the ctystal surfaces. Henea the 
of a substance are due to polymorphism or to concentration of the solution is another inpor- 
isomerism, that is, permanent intra molecular tant factor in crystal growth, 
differences in structure. Other factors, in addition to the kinetic energy 

To distinguish between polymorphism and of the molecule, such as inter-molecular collisions 
isomerism Sidgwick’s { J.C S. 1915, 107, 672) which are dependent upon the number of 
method of studying the equilibrium relations molecules m the surface layer, and the periodicity 
between the two forms and a common solvent of the vibration as well as tho dissipation of tha 
can be applied, when it will bo found that with heat of solution and the change in density of the 
isomeridea differences will survive & process of solution affect the growing or dissolving of & 
either solution or fusion. crystal. As the attractive forces on tho 

Crystal Growth — If it is assumed that the molecules at the edges and corners of the 
forces of attraction between the molecules crystal towards the centre of the crystal are least 
constituting the crystal act along lines joining the amplitude of their vibrations will bo greater 
the centres of the molecules, then a diagram can than those at the interior of the plane surfaces 
be constructed Bhowing the vectorial distnbu and therefore tho tendency will be for thosB 
tion of the surrounding field Molecules within molecules to leave the crystal and enter ths 
the ciystal will be subjected to a balanced solution Hence, during the growth of a crystal, 
system of forces due to the attractions of the complete molecular planes must be formed on 
surrounding molecules, whereas a molecule at the surfaces, and since single molecules at the 
the surface of the crystal will bo acted upon by an corners edges or on the surface are held less 
unbalanced force which tends to attract other firmly a definite degree of supersaturation of the 
molecules to itself or produce a strain at the surrounding solution is necessary to maintain 
free surface of the crystal. This surface energy crystal growth. Before, however, cryatal growth 
depends upon the number, kind and distribution can occur there must be a solid nucleus upon 
of the molecules on the plane surface and may which the molecules can bo deposited, 
vary for different surfaces of the crystal Nucleatton — The nucleus upon which the 
Moreover, molecules at the comers and edges of molecules are deposited to form the crystal may 
the crystal are subjected to smaller attractive consist of a small solid particle inserted in the 
forces towards the centre of the crystal liquid or may arise by formation of such a particle 
and so cannot adhere so strongly to the in the solution by an agglomeration of a number 
crystal as those at or near the interior of the of molecules of the same substance of which the 

f lane surfaces. J. Willard Gibbs ("Scientific crystal will bo composed, to give a small solid 
’apers," London, 1908, p. 325) has indicated particle upon w'hich the molecules can be 
that these factors supply much information on deposited. 

tho mechanism of crystal growth When a The introduction of small crystals of the sub- 
crystal is immersed in its saturated solution stance to be crystalhsed into tho solution in 
and a state of equilibrium between the crystal which the gi^/vtb takes place is known os the 
and solution is attained the number of molecules seeding of the solution and is sometimes adojited 
arriving at the surfaces of the crystal from the in practice, but the commoner procedure is to 
solution must equal the number of molecules form the solid nucleus from the molecules in the 
leaving these surfaces and entering the surround- solution. 

mg liquid. Since the attraction towards the centre oflhe 

A molecule vibrating about an equilibrium crystal is least for molecules at the corners or 
position along a line at right angles to the plane edges, if the particle constituting the nucleus 
surface of the crystal will ho subject to an consists of only a few molecules the tendency 
attractive force towards the crystal due to the for these to re enter tho solution is greatly 
other molecules forming the crystal and an increased (G A. Ilulett, Z. phvstkal.Chem. 1901, 
outward force of attraction due to the molecules 37, 385), and therefore such nuclei can only 
constituting the surrounding liquid. If tho form spontaneously in supersaturated solution*, 
vibration of the molecule is sufficiently large Henry Msers and his collaborators (Phu. 
it may reach a point termed the balance point Trans. 1903, 202, 459-523 ; Proe. Boy. Soc. 
where the attraction due to the crystal is equal 1907, 79, A, J322; J.C.S. 1908, 89. 1013, 



CRYSTALLISATION. 


1908, 93 , 826) by their researches on the con- 
centration of solutions during the progress of 
crystallisation have contributed materially to 
our knowledge of the conditions under which 
nuclei will form spontaneously in a solution, 
and the requirements which must be fu l fi l led if 
crystals of uniform size are desired. 

From his observations Miers found that in 
addition to the ordinary solubility curve A, 
which divides the area between the X and Y 
axes into two portions such that if, at any 
given temperature, the molecular concentration 
of the solution is represented by a point below 
the curve A the solution will be unsaturated, 
if on the curve A saturated, and if above the 
curve A supersaturated, a second curve B, which 
has been termed the supersolubility curve, could 
be drawn which divides the supersaturated 
area of the diagram into two portions. 



The region between the saturation curve A 
and the supersolubility curve B is one of meta- 
stable equilibrium, whilst the region above the 
supersolubility curve is one of unstable- 
equilibrium. 

If the temperature and molecular concentra- 
tion of a solution be such that it will be repre- 
sented by a point in the metastable then it will 
be found that nucleation will not occur, but if 
such a solution is “ seeded ” then these particles 
will tend to increase in size but not in number. 

The metastable region therefore is favourable 
to the growth of a crystal but not to the forma- 
tion of the nucleus upon which the growth 
takes place. On the other hand, if the tempera- 
ture and molecular concentration of a solution 
are Buch as to be represented by a point above 
the super-solubility curve in the labile region, 
then it will be found that as long as these 
conditions are maintained nucleation and 
crystal growth will occur simultaneously. This 
will result in a product consisting of a large 
number of crystals of varying sizes, since the 
nuclei first formed, being for a longer time in 
contact with the supersaturated solution, should 
have grown to a larger size than subsequent 
nuclei ; the smallest crystals being obtained 
from the nuclei last formed. 

The formation of nuclei by the cooling of a 
pure solution appears to be a characteristic 
quality of the molecules, for in some cases only 
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slight undercooling will cause nucleation, whereas 
with other solutions great undercooling must 
be employed before the nucleus is formed. As 
the degree of undercooling increases, nucleation 
occurs more readily until a maximum is reached, 
but after this point intense undercooling results 
in diminished nucleation. Since the mean 
kinetic energy of the molecules diminishes with 
fall in temperature if this were the only factor, 
rate of nucleation would increase with lowering 
of temperature. Viscosity, on the other hand, 
regularly increases as the temperature is lowered, 
and it is therefore assumed that when maximum 
nucleation takes place the kinetic energy of the 
molecules and the viscosity of the solution are 
particularly favourable to the change from iso- 
tropic to anisotropic grouping. At lower 
temperatures the greater vicsosity of the liquid 
inhibits the change which is also hindered at 
temperatures above the maximum point by the 
larger movements of the molecules. 

With very rapid cooling it is possible to 
pass quickly through this point of maximum 
nucleation and reach a region where the viscosity 
is so great that crystal formation becomes 
impossible and when the solution will possess 
both high viscosity, great rigidity and, at the 
same time, be isotropic in character. 

The rate of nucleation is also greatly modified 
by the presence of even small quantities of 
impurities in the solution, some impurities even 
arresting the formation of the nuclei and others 
greatly increasing the degree of nucleation 
(G. Tammann, “ The States of Aggregation,” ' 
New York, 1925, pp. 225-251). 

Rapid cooling of the solution usually results 
in the production of a very largo number of very 
small crystals and industrially this is sometimes 
of great advantage as in the preservation of 
food, where in the cold storage of food large 
crystals would tend to produce rupture of the 
cell walls. 

Crystallisation therefore depends upon two 
principal factors : (a) nucleus formation, and 
(6) subsequent growth of the crystal on the 
nucleus, and is employed on an industrial 
scale : 

(1) to remove a dissolved substance from 
solution ; 

(2) to separate a dissolved substance from a 
solution containing other substances ; 

(3) to produce a dissolved substance from a 
solution in a marketable form. 

(1) Removal . — The removal of a dissolved 
substance from solution can in many cases be 
effected more economically by evaporation to 
dryness and where crystallising plant has been 
installed to remove a dissolved substance its 
installation was attributable to equipment suit- 
able for complete evaporation not being obtain- 
able. 

There are, however, instances in which 
evaporation to dryness, even with modem equip- 
ment, is an uneconomical or impossible means of 
recovering the dissolved material because of a 
factor such as the operating temperature 
being too high, in such cases crystallisation has 
to be used. 

(2) Separation . — When the object of -the 
crystallisation process is to separate one 
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constituent from a solution containing two or 
more dissolved substances no general rules can 
be given regarding procedure, for a factor of 
great importance is the solubility relationships 
of the various substances present in the solution. 

(3) Production of JlarLtlable Crystals . — Here 
the process of crystallisation is employed to 
produce from a solution, in which it haa been 
dissolved, a solid material for which there is a 
ready sale. 

Within recent years crystals of uniform size 
have commanded a better market than con- 
eignments of the 6ame material in which the 
sizes of the individual crystals vary greatly. 
A reason for this demand is that adulteration of 
a quantity of crystals of uniform size is more 
easily detected than of a similar consignment 
consisting of crystals of widely varying sizes, 
because in the former case the adulterant, if it 
is not to be easily detected by the eye, must 
consist of crystals having the same colour, 
shape and size as the other crystals. 

Crystallising Plants — The production of 
crystals of a material from a solution in which 
it is dissolved can be effected in several ways by, 

(1 ) cooling the hot saturated solution ; 

(2) evaporating a solution until the con- 
centration of the dissolved substance is such 
that it will either promote nucleation and mam- 
tain subsequent growth of the nuclei or main- 
tain the growth of seeding crystals added to the 
concentrated solution. This may be carried out 
at varying pressures either above or below 
atmospheric. Sometimes evaporation and cool- 
ing are combined in order to achieve the desired 
result; or 

(3) other methods, such as by addition of 
materials 'which alter the solubility of the 
dissolved substance in the solution, etc. 

Crystallisation by Cooldto. 

The crystallising pan, one of the earliest forms 
of cryatallisera m which uncontrolled crystallisa- 
tion by cooling is carried out, is a long rect- 
angular trough mado of materials which will 
resist the action of the solution from which the 
crystals have to be formed or if attacked by thia 
solution will not spoil tbo colour of the crystals 
ohtAw/i'i or. max tfe/a ■js'mrmh. of. 

too much impurity Such tanks are often 
made of cast iron ot of wood lined with lead, 
tin, zinc or other suitable metal, and provided 
with rounded comers, and having the bottom of 
the tank sloping towards the outlet. Into such 
a vessel is run the mother liquor at such a 
temperature and concentration, which have 
been previously determined for the particular 
solution, as will yield the best results. When 
cooling is complete the liquid is run off and 
the crystals which are usually adhering to 
the sides and bottom of the tank removed by 
hand or mechanical scrapers. Sometimes 
threads or wires are suspended from rods placed 
across the tanks upon which crystals are formed, 
although when threads are used their entangle- 
ment, produced by convection currents in the 
(fooling liquid, often results in large crystals of 
veiy irregular shapes. Often, too, with this 
method of crystallisation, irregular crystals are 


produced by the convection currents carrying 
very small crystals to the surface of the liquid 
where they are supported by the surface tension 
of the liquid until they have grown so hrge 
that their weight is greater than this supportin'* 
force. During the time that they are thus 
suspended those surfaces of the crystal which are 
completely submerged in the liquid will grow m 
a normal manner, whilst the growth on the 
other surfaces which are not completely in 
contact with the liquor will be abnormal. 
The shape, therefore, of such a crystal will not 
be regular. 

Since in the crystallising pan described above 
the cooling is effected by (a) evaporation at the 
free surfaco of the liquid or (6) by conduction 
through the walla of the vessel, and the tem- 



perature gradient across the walla is chiefly 
maintained by the natural convection currents 
set up within the liquid as it cools, the cooling 
m this manner is very slow. To increase the 
loss of heat from the sides of the vessel and so 
increase the rate of cooling mechanical agitation 
is often employed. Such a plant for un- 
controlled crystallisation by cooling shown in 
Fig 2, consists of a cylindrical vessel with an 
inverted conical base at the lowest point of 
which is fixed the outlet valve and pipe. 

Within the cylinder is an agitator e earned by 
a shaft a driven by bevel gearing mounted on 
the cover of the ciystalliaer which is also 
provided with an inlet for the mother liquor, 
a pressure gauge and atmospheric valve, whilst 
if the solvent is a valuable or harmful material 
an opening can be arranged for the removal and 
recovery of the vapour. Since the crystals 
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usually form on the inner surface of the cylin- 
drical shell and reduce the flow of heat from the 
vessel, Fig. 2 also illustrates a method, 
namely, by attaching brushes orscrapers/to the 
agitator, of preventing this increased resistance 
to the flow of heat through the cylindrical walls. 
The lower portion of this crystalliser is also 
provided with a jacket through which a cooling 
liquid can be circulated, and if a highly con- 
centrated solution has to be cooled a strong 
agitator must be fitted, and in some instances 
means provided for the removal of the crystals 
shortly after they are formed. 

Another crystallising apparatus, the Passburg, 
suitable for producing low temperatures such 
as are used in the formation- of crystals of 
potassium chlorate, is shown in Fig. 3. In this 
plant the mother liquor enters the left hand 
crystallising vessel through the pipe K. This 
vessel is provided with a jacket through which 


the cooling liquid circulates and to maintain a 
high coefficient of heat transmission is fitted 
internally with a set of revolving brushes, J, 
which remove the crystals from the cooled walls. 
They then fall into the conical base of this cooler, 
from which they can be discharged through the 
valve L into the centrifugal. The cooled mother 
liquor leaves near the bottom of the vessel, and 
passing upwards through the inclined pipe M is 
discharged into the right-hand cooler D. Into 
this cylinder is fitted a spiral coil C, the lower 
end of which is coupled to the cooler B, which is 
connected with the pressure side of the com- 
pressor A. The outlet of this coil is at the top 
and is connected by the pipe E with the suction 
valves of the compressor; the coil, cooler, and 
compressor thus constituting a refrigerating 
system. Brushes arranged on a central shaft 
which is rotated through suitable gearing P 
fixed to the cover of this vessel remove the 



Fig. 3. — Passburg Crystalliser. 


crystals from the surface of the cooling coil. 
A conical cover is fitted at the bottom of this 
cooler which collects the crystals removed from 
the cooling surface. By opening the valve G 
at the lowest point of this cover, these crystals, 
together with some of the mother liquor, can 
enter the centrifugal where separation is 
effected. The cold liquid leaves this cooler at 
the bottom and passes to the bottom of a smaller 
cylinder, H, also fitted with a conical base, 
having a valve at the lowest point. Whilst 
slowly ascending this cylinder some ciystai 
growth occurs and this crop of crystals together 
with some mother liquor is, at regular intervals, 
discharged into the centrifugal. On reaching 
the top of this cylinder the mother liquor passes 
through a pipe into the foot of the jacket of the 
first cooler. After ascending this jacket and 
thereby cooling the incoming liquid this cooling 
solution leaves the crystalliser by the pipe N. 

The crystallisers described above operate 
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intermittently and are sometimes designated 
batch crystallisers, but there are others, which, 
still adopting the principle of cooling the 
solution, operate continuously. 

Sometimes crystallisers belonging to this 
group consist of a trough having a semi- 
cylindrical base and fitted with a spiral agitator 
mounted on and driven by a shaft the axis of 
which coincides with the axis of the trough. 
In another type of uncontrolled crystalliser the 
hot concentrated' solution is run into a shallow, 
rectangular tray. Dipping into this tray is a 
hollow cylinder with its axis horizontal. Through 
tho trunnions supporting this cylinder pass 
pipes for the "admission and removal of the 
cooling liquid. By means of a ball-valve the 
hot concentrated solution in the tray is kept at 
such a level that the rotation of the drum causes 
its outer surface to be covered by a thin film of 
liquid from the tray. Contact with this cooled 
surface causes the crystals to form on the surface 
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of the drum from which they are removed by 
scrapers or doctors placed as shown in Fig, 4, 
which gives an end view of the film or dipping 
drum type of crystalliser which is continuous 
m operation. The examples given illustrate 



Fra. 4. 


the main features of ciyetalhsing plants for 
uncontrolled crystallisation by cooling. 

Another continuous crystalliser employing 
this principle is represented by the Swenson 
Walker crystalliser. Fig. 5, which consists of an 
open trough having a semi cylindrical base 
and placed with its axis horizontal. The axis of 
the trough coincides with the axis of a shaft £, 


which extends the whole length of the trough 
and carries the worm or nbbon conveyor C, 
being driven by means of a worm and worm 
wheel D supported on the end at which the hot 
solution is admitted. Surrounding the lower 
portion of the trough is a jacket E through 
which the cooling liquid can circulate. These 
crystalhsers are usually made in sections 10 ft. 
long, four sections being bolted together to 
produce a trough 40 ft. in length. The outlet F 
of the jacket of one section is connected by an 
inverted U tube, G, to the inlet of the next 
section, II, the process being repeated until all 
the jackets are connected in series. Counter- 
current flow of the hot solution and the cooling 
liquid is thus assured. The end plate of the last 
section is fitted with a weir, K, over which the 
cooled liquid and crystals flow, either into a 
centrifugal machine if crystallisation has been 
completed or in series through one or more 
similar crystalhsers if further cooling is desired 
before the solution and crystals formed art 
finally separated usually by centrifuging A 
vanant of this type of crystalliser sometimes 
adopted is a long tube which is mounted and 
driven in a similar manner to a tube mill. The 



Fra. 5. — First and Last Sections of Swenson-Walker Crystalliser. 


hot solution enters at one end and the cooled trough the solution, which is admitted at 
solution leaves at the other, a stationary screw the highest point, in its passage through the 
conveyor or plates arranged spirally on the crystalliser must follow a sinuous path before it 
inner surface of the tube being employed to reaches the outlet placed in the lower end 
move the crystals to the outlet end plate. 

Rotating conveyors in these crystalhsers unless Rocking of these crystalhsers is effected by 
carefully adjusted are bable to break a number suitably controlled hydraulic rams or by 
of the crystals thus forming additional 
nuclei and so give an output of crystals 
of varying sizes. 

In an attempt to reduce this 
attrition of the crystals to a minimum 
and so produce a uniform product, tho 
"Walff and Loch or rocking crystalliser 
has been developed. 

Such a machine consists of a long 
trough up to 100 ft. in length and sup- 
ported so that its axis is slightly 
inclined to the horizontal. Fig. 0 
represents a a iew of such a crystalliser 
and shows the rockers or rings, the 
rollers which support them, and the 
bracing between the trough and the 
rockers and each pair of rockers. The 
trough is designed so that as it is 
rocked to and fro the solution will 
not be ejected over the edges and is Fio. 0. — Wulff and Bock Crystalliser. 

fitted with a series of transverse vertical 

baffle plates which divide the length of the electrically driven rocking gear. Special atten- 
trough into a senes of compartments. As these tion should he given to the strength of the 
partitions do not extend across the trough, machine because at the points of reversal of 
but are arranged to provide openings alter- rotation large stresses can be set up in the 
nately on the right ana left hand sides of the structure. 
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Another crystalliser in which crystallisation is 
effected by cooling a saturated solution whilst in 
motion is the Howard Crystalliser, of which 
Fig. 7 represents a diagrammatic view. This 
apparatus is formed of three truncated conical 
vessels placed one above the other and having 
their axes in line. The lower two vessels are 
provided with jackets, whilst in the upper 
vessel there is a coiled tube. The saturated 
solution is admitted to the lowest vessel B 
through the pipe A, and after filling this vessel 
rises into the middle vessel D through the short 
tube C. 

Inside this vessel is another conical chamber, 
E, within which is a pipe, for the removal of 
cooling liquid, which extends nearly to the 



bottom of this vessel. The taper of this conical 
vessel is such that in the ascent of vessel D the 
sectional area of the annulus formed by these 
two vessels continually increases. In this way 
the velocity of the liquid rising in vessel D is 
being continually reduced and so only crystals 
of a definite size are capable of falling into the 
vessel B. Cooling liquid is admitted to the 
jacket of vessel D at F, and removed at G, 
whilst the cooling liquid for vessel E is admitted 
at H and removed at K. On reaching the top 
section, L, crystal growth is stopped by circulating 
a hot liquid through the coils which heats the 
surrounding liquid before it flows over the weir 
fixed at the top of this vessel and so reaches the 
outlet M. Hot liquid is also circulated through 
the jacket of vessel B, entering at N and leaving 
at P, and this maintains the temperature of the 
liquid in B at such a point that no further 
growth can take place on the crystals in this 
vessel. The lower end of B is connected to a 
salt box or boot of an elevator by which the 
crystals can be removed from the plant. 


Formation of crystals by hot solutions can also 
be effected by forcing the solution in the form of 
a fine spray into a cooling tower or by making 
the solution fall in the form of drops through a 
current of cold gas or air which is drawn through 
a duct (“ Der Chemie Ingenieur,” vol. 1, part III, 
pp. 203, 204). 

Crystallisation by Evapobation. 

An early type of plant for this purpose 
resembles the tank crystalliser used for un- 
controlled crystallisation by cooling, but in this 
case the tank is arranged in a brickwork setting 
so that hot gases from a furnace placed in the 
setting at one end of the tank can pass over the 
walls and bottom of the tank and heat its 
contents. Sometimes these tanks are provided 
with a series of parallel tubes placed near the 
bottom of the tank and fixed between the end 
plates of the tank through which the hot gases 
from the furnace, placed at one end of the tank 
can pass on their way to the chimney. During 
both the cooling and evaporating methods 
employed in crystallising pans, vapour is evolved 
at the free surface of the liquid and if still air 
conditions are maintained, above the pan, the 
following formula, devised by J. W. Hinchley, 
enables the rate of evaporation of the solution to 
be determined : 

w = a (^) 1,2 

where W= weight of liquid evaporated in 
kilograms per hour per sq. metre of surface of 
the liquid ; p e = vapour pressure of the solution 
in mm. of mercury at the temperature under 
consideration ; 2 ?d=pressure of the aqueous 
vapour in the atmosphere of the factory ; and 
A= constant, depending on the solution under- 
going evaporation. 

If air currents are directed over the free 
surface of the liquid then the work by 
Hinchley and Himus (Trans. Inst. Chem. Eng. 
1924, 2, 57) and other workers (Himus, ibid. 
1929, 7, 166 ; Powell and Griffiths, ibid. 1935, 
13, 175) shows how the evaporation can be 
determined for a given set of conditions. 
With this type of crystalliser the movement of 
the liquid is largely due to convection currents, 
and therefore the growth of small crystals, which 
are retained 1 at the free surface by the surface 
tension of the liquid, 11411 not occur in a regular 
manner. 

Evaporators can be used to concentrate the 
solution, which may then pass into a cooler, or a 
vacuum pan, where the crystallisation is carried 
out, or the arrangement may bo such that the 
crystals are formed in the evaporator or separa- 
tor of the plant and are subsequently withdrawn 
after the removal of the surplus mother liquor. 
Usually the latter type of plant is referred to as a 
sailing evaporator and has a special field in the 
production of fine-grained crystals. 

When evaporators are used to concentrate the 
solution either for the coolers or vacuum pans 
any of the different types of heating may be 
employed, but in the salting evaporators vertical 
tubes are used in the heating element. The 
commonest forms, are a series of vertical tubes 
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extending between two tube plate* with a large 
centril downcomer, the basket type of beater, 
and the individual heater or calandria of the 
cbmbing film type. In the first two type9 the 
lower cover attached to the evaporator shell is 
conical and its lowest point connected with the 
device for removing the crystals- Sometimes 
when a central downcomer is emplojed forced 
circulation of the liquor in the evaporator is 
produced by means of a propeller placed at or 
near the bottom of this tube In the conical 
base below the heaters is a region in which the 
solution is comparatively quiescent and in 
which growth of crystals can proceed until they 
are able to fall into the receiver "When a 
separnto calandria or heater is employed the 
hot liquor has to be discharged into a separator 
where the vapour produced during its passage 



through the heater or generated from the super 
heated Liquor by the reduction in pressure, » 
separated from the liquor. At tho bottom 
of tliis separator mean* aro provided for the 
recovery and removal of the crystals produced 
and the return of the liquid to the calandnafor 
fui ther heating. 

An important development in the subject of 
erv stalbsation bv evaporation was published in 
Chera Trade J. ana C. Eng. Jan. 16, 1923, 
when a ciystalliser developed by tho A. S de 
Borske Salt verb? r of Bergen for the production 
of coarse grained salt lor fishery work was 
described. 

Tig. 8 illustrates diagrammatically the early 
form of this crj stalliscr, In this arrangement 
of the plant the solution is drawn through the 
heater A by the pump 1L and forced through the 
valve C into the bottom of tho chamber D. 


At the bottom of this chamber is a perforated 
plate upon which a quantity of crystals have been 
placed. Ihinng its passage through the heater 
the bquid becomes superheated due to increased 
pressure produced by the increase in tho head of 
the bquid and no vapour is generated until it is 
near to the free surface of tho bquid in D. If 
the solution is saturated tho evolution of vapour, 
which escapes through E, causes the remainder 
of the bquid to become supersaturated. Part 
of this again passes through tho heater and 
is again superheated, the cycle being thus 
continuous Thus the crystals on the perforated 
plate are always m contact with a super- 
saturated solution and will increase m size 
Moreover, the bquid from the centrifugal moving 
upwards will keep theso in suspension until they 
attain such dimensions that they can overcome 
the upthrust of the rising bquid, when they will 
fall into the tubo F connected with the shoo of 
the bucket elevator G, by which they are 
removed from the crystalliser. Liquid is fed 
continuously to the crystalliser through tho pipe 
H, and by adjusting the valves on tho pipo H 
and the discharge from the centrifugal purnpC, 
the upward flow of bquid in tho pipe F and 
through tho perforated plate can bo regulated so 
that only crystals of a definite size fall into tho 
shoe of the elevator. 

An alternative method of removing the 
crystals, employing crystal boxes, is shown at K. 
If desired several of theso can bo arranged 
so as to remove the crystal from several points 
round the perforated plate. Here again tho 
feed which is admitted by the pipe L provides 
the upward flow which regulates the size of 
crystal entering the box. When several boxes 
are employed, then by closing the feed valvo 
and the valve M and opening the valve N 
the crystals can bo discharged from each box in 
turn and thus produce the minimum disturbance 
in the running of the plant 

The bucket elevator and the crystal box are 
two common methods of removing the crystals 
from salting evaporators. When the bucket 
elevator is used tho casing enclosing the buckets 
must be bquid tight and must extend to such a 
height that the hydrostatic pressure produced 
by the head of cool bquid above the bottom of 
the shoe will always be equal to the pressure on 
the free surface of the bquid plus the pressure 
due to the height of the hot bquid measured 
from the same datum level Two or move 
crystal boxes aro usually provided, so that 
whilst one is being emptied of its crystals the 
crystals which arc being formed can collect in 
tho others. 

A modified form of the crystalliser shown in 
Fig. 8 is the Jeremiassen or Oslo crystalbscr 
(J II. Ferry, “ Chemical Engineering Hand 
book,” 1934, 1484), Fig. 9. In this plant tho 
bquid, after being sujvcrheatcd in its downward 
passage through the heater A is forced by the 
centrifugal pump B into the vessel C, where 
evaporation takes place as the result of the 
reduction in pressure. 

Removal of solvent from a saturated solution 
at this point results m tho solution becoming 
supersaturated and tins fills by the pipe 
into tho crystalbscr E. As the lower end 
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of the pipe D passes through a perforated 
plate fixed near the bottom of the crystalliser 
and upon which the seed crystals are supported, 
the supersaturated solution discharged by D 
must by its upward passage through the plate 
maintain the crystals thereon in suspension 
until they attain such dimensions that they can 



Fig. 9. — Jeremiassen or Oslo Crystalliser. 

fall against the ascending stream on to the 
perforated plate. On opening the valve G 
these crystals enter the crystal box F, and can be 
withdrawn from the crystalliser whilst the 
solution rising to the top of the crystalliser 
again is superheated by passing through the 
heater A. Liquid is supplied to the crystalliser 
through the pipe H, the feed being either of a 
continuous. or intermittent nature. 

Crystallisation under Reduced 
Pressure. 

In some industries, notably the sugar industry, 
the concentrated liquid is pumped into a 
vacuum pan where the final water is evaporated 
under reduced pressure and the crystal formation 
effected. 

Vacuum pans closely resemble evaporators, 
tho heating elements being either coils or one 
of the various types of tubular heaters. Syrup 
fed to these vacuum pans has a high viscosity, 
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so that it becomes practically impossible for the 
crystal of sugar to settle in the liquor and there- 
fore special attention must be given to maintain- 
ing good circulation of the liquid in the pan. 

When coils are used for heating the. liquid 
the spacing between the top coils should be 
greatest and gradually diminish in the lower 
layers. Heaters having large vertical tubes also 
materially assist circulation, whilst an essential 
feature of such pans is a downcomer of ample 
cross-sectional area. 

Another important factor in operating such 
pans is the vacuum, for it is generally conceded 
that a high vacuum results in crystals of soft 
grain whilst hard grain crystals are obtained if a 
low vacuum is employed. Usually in the sugar 
industry the working pressure in the vapour 
space of the vacuum pan is below 31 lb. per sq. 
in. absolute. If the viscosity of the saturated 
solution is low, then in crystallisers of this type 
small crystals are produced because the crystal 
once formed tends to sink rapidly through the 
solution. To produce large crystals in such a 
plant the problem is largely to maintain these 
small crystals in contact frith the supersaturated 
solution for sufficient time to allow of their 
growth to the size required. 

In the vacuum crystalliser, however, another 
principle is involved. If a saturated solution at 
a temperature corresponding to its boiling-point 
at atmospheric or higher pressure is admitted 
to a vessel within which there is a lower pressure, 
the solution will be at a higher temperature than 
a similar solution boiling at the lower pressure 
This superheated liquid will fall in temperature 
to the boiling-point of the liquid at the lower 
pressure and the heat thus rendered available will 
cause some of the solvent to vaporise. The 
remainder of the solution will therefore become 
supersaturated and crystallisation or crystal 
growth will occur. Such a method cools the 
solution without transferring the heat to be 
dissipated through the walls of the container, 
and can be used for cooling nearly all aqueous 
solutions and many solutions in which organic 
solvents are employed. Condensation of the 
vapour evolved in a suitable condenser main- 
tains the requisite pressure in the crystalliser 
and allows the solvent to be recovered. This is 
particularly advantageous when organic solvents 
are employed, especially in large-scale opera- 
tions. Fig. 10 (Griffiths, Cliem. Eng. Group 
Proc. 1924, 6b, 9) illustrates a vacuum 

crystalliser of the rocker type, the hot saturated 
solution being admitted by a pipe passing 
through the end plate at the higher end, whilst 
the cooled solution together with the crystals 
are removed through suitable openings in tho 
lower end plate. Connections are also provided 
on this plate for the removal of the vapour 
evolved. 

Another vacuum crystalliser (Badger and 
McCabe, “ Elements of Chemical Engineering,” 
1931, p. 41S) is shown diagrammatically in 
Fig. 11. Here the hot saturated solution enters 
at A into the vessel B in which the pressure is 
less than atmospheric and as a result an amount 
of vapour is evolved which is removed through 
C to the condenser or vacuum pump by which 
the reduced pressure in B is maintained. The 
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supersaturated solution thu3 formed permits of I of the 1 mother liquor so the rate of evaporation 
crystal growth and the rapid evolution of vapour [ or rat® of cooling or both must be progressively 
from the entering solution keeps the liquid in 1 incre^ e< I M Ik® crystals grow in size. 

Let demean dimension of the 
small crystals; dj=mean dimension 
of the larger crystals grown from 
the smaller; n=number of faces on 
each crystal; N=number of crystals 
under consideration; S.«=total sur- 
face of the small ciystals; S,=total 
surface of tho large crystals; 
to = weight of material crystallised 
per unit area of surface per unit time. 

With controlled crystallisation the 
crystals increase in size but not in 
number, so that N is constant. The 
mean dimensions of the crystals are 
such that ndj* equals the surface of 
one of the small crystals and ndj* the 
eurfaceof the large crystal. 

Total surface of small crystals 

«=B,— Ndj*!*. 

Total surface of largo crystals 
-8,-K rf t *n. 

the bottom of B sufficiently agitated that a 
certain amount of growth must occur before 
the crystals are capable of felling through the 
barometric leg D and into the vessel E. All 
the time that the crystals are descending 
the tube D, they remain in contact with the 
supersaturated solution. On reaching the 
bottom of E the solution and crystals arc trails 
ferred by the pump F to the settler G, and from 
thence to one or other of the centrifugal machines 
H for final separation of the crystals from the 
mother liquor. Tho overflow from the settler 
and the discharge from the centrifugals are 
returned to the vessel E, which is provided with 
an outlet K for mother liquor free from crystals. 

Othtb Methods. 

Since crystal formation depends upon first, 
either tho formation of nuclei or the addition of 
small seed crystals to the solution and, secondly, 
keeping tho concentration of the solution at the 
working temperature in the metastable region if 
crystal size is the object or in the supersaturated 
region if fine crystals of varying sizes are 
desired, any method such as the adsorption of 
the solvent or the addition of some material to 
the mother hquor which diminishes the solubility 
of the substance, which it is desired to crystallise, 
in the solvent are means by which crystal 
formation can be effected. The addition of 
impurities to the mother liquor, however, even 
in small quantities affects materially both the 
rate of crystal formation and the rate of crystal 
growth. 

As impurities inhibit the growth it is usual 
therefore in industrial practice to prefer one or 
other of the three methods outlined above as the 
principle upon which the crystallizer operates, 
rather than by introducing impurities to change 
the solubility of the dissolved material in the 
solvent. 

Condition dtoiko Grystax. Growth 

If the rate at which the material is deposited 
on the feces of the crystal is to be kept constant, 
it is necessary to maintain the same concentration 


We'guc oi material removeti per ■ 
small crystals =u>Nd,*n. 
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Weight of material removed per unit time by 
large crystals = taNd^^n. 

This shows that for a constant rate of deposi- 
tion on the crystal surface much more material 
will be removed from the solution by large 
crystals than by small crystals in the same 
time ; therefore the rate of cooling or the rate of 
evaporation or both must be progressively 
increased with the size of the crystal if the 
concentration of the solution is not to fall 
rapidly to the saturation line when further 
growth becomes impossible. 

S. G. M. U. 

CRYSTOLON (CARBORUNDUM) v. 

Abrasives. 

CUBAN I TE. A copper ore with the 
composition CuFe 2 S 3 (Cu 23-4%). It is usually 
massive with a brass-yellow or bronze-yellow 
colour and intimately intergrown with chalco- 
pyrite, pyrrhotine, etc. Sp.gr. 4-1, hardness 
3J. The mineral was first described by A. 
Breithaupt in 1843 from Barracanao in Cuba 
(hence the name), and soon afterwards recog- 
nised from Tunaberg in Sweden. It was 
long regarded as a rare mineral, supposed to be 
cubic in crystallisation, until polished sections of 
ores came to be examined by the metallographio 
method, when it was found to be of wide 
distribution. It was also found to bo aniso- 
tropic, and therefore not cubic, and was 
identified with the small orthorhombic crystals 
of the same composition from the Morro Velho 
gold mine in Brazil, which E. Hussak in 1902 
named chalmersite. Large'r crystals have since 
been found at Sudbury in Canada (M. A. Peacock 
and G. M. Yatsevitch, Amer. Min. 1936, 21, 
55). 

L. J. S. 

CUBEBOL. The sesquiterpene alcohol, 
cubebol, C t5 H 20 O, m.p. 61-62°, occurs in oil of 
cubebs (Henderson and Robertson, J.C.S. 1930, 
1908). It yields a phenylurethane, m.p. 186° and 


an a-naphthylurelhane, m.p. 197-198-5°. Its 
structure has not been determined and it does 
not appear to be identical with cubeb-camphor 
examined by Blanchet and Sell, (Annalen, 
1833, 6, 294). 

J. L. S. 

CUBEBS, ESSENTIAL OIL OF. The 

oil distilled from the dried, full-grown, unripe 
fruits of Piper cubeba Linn. (Fam. Piperacem), a 
tree indigenous to the Malay Archipelago, 
chiefly Java and Singapore ,- yield 10-15%. 
Other piperaceous fruits resembling cubebs 
are sometimes found in commerce. 

Constituents. — Pinene, dipentene, and cadin- 
ene have been detected, and a sesquiterpene 
alcohol cubeb-camphor (m.p. 67°), which is 
sometimes separated from old oils. The blue 
colour is probably due to the presence of 
azulene. 

Characters. — A greenish or greenish-blue oil, 
sp.gr. 0-910 to 0-930, optical rotation —25° to 
-40°, ref. ind. 1-486-1-500. Soluble in 10 
volumes of 90% alcohol. 

C. T. B. 

CUCUMBER. The fruit of Cucumis 
sativus Linn. The composition of the 

cucumber varies particularly with size and with 
growth conditions, notably the level of supply of 
nitrogen to the roots (Dearborn, Cornell Agric. 
Exp. Sta. Mem. 1936, No. 192). Heinze (Z. 
Nahr.-Genussm. 1903, 6, 529, 577) records the 
following analyses : 

Other 

Pro- Glu- Cane carbohy- 

Water. tein. Pat. cose, sugar, drates. Fibre. Ash. 
% % % % % % % % 

Small 96-6 0-81 0-09 0-00 0-10 1-44 0-58 0-34 

Large 95-8 0-67 0-09 0-66 0-09 1-60 1-65 0-42 

Dearborn (l.c.) shows the composition of the 
whole plants on a somewhat different basis (as 
percentage of dry matter) : 



Stems. 

Leaves. 

Fruits. 

Soluble solids 

% 

23-6-26-7 

% 

15-2-22-8 

% 

58*9-58*3 

Soluble N 

0-212-0-562 

0-151-0-365 

0-304-0-710 

Insoluble N 

0-794-1-349 

1-50-2-97 

0-961-0-994 

Amino- N 

0-050-0-098 

0-025-0-073 

0-102-0-245 

Amide- N 

0-019-0-020 

0-011-0-020 

0-030-0-049 

Nitrate- N 

0-026-0-250 

0-018-0-077 

0-034-0-021 

Lipin- N 

0-003-0-000 

0-027-0-064 

0-004-0-041 

Residual N 

0-014-0-193 

0-074-0-139 

0-133-0-252 

Reducing sugars 

8-12-4-15 

1-36-1-95 

47-9-45-1 

Non-reducing sugars 

1-10-1-23 

0-12-0-10 

0-29-0-00 

Starch 

6-81—4-58 

2-25-0-34 

1-61-1-72 

Acid-hydrolysable polysaccharides 

2-99-2-89 

12-01-4-81 

2-79-2-65 


Of the two figures given for each value the first 
refers to plants grown with a restricted, and the 
second to those grown with a generous, supply 
of nitrogen in the soil. According to M. 
Kitaliara (J. Agric. Chem. Soc. Japan, 1936, 
12, 595) the principal sugars are glucose and 
fructose. In hot water extracts of the fruit 
Yoshimura and Nishida (J. Chem. Soc. Japan, 
1924, 45, 49) found adonine, trigonelline, and 
arginine. 


Analysis of cucumber seeds is reported by 
Einhorn et al. (Maslob. Shir. Delo. 1929, 45, 44) as 
water 8-0, protein 29-7, fat 31-5, sugars, starch, 
etc. 1-9, pentosans 4-7, cellulose 13-9, pectins 
0-6, phytin 1-1, lecithin 2-6, ash 3-9, P 2 0 5 
2-25%. The oil contains fatty acids, com- 
prising stearic acid 3-72, palmitic acid 6-8, 
oleic acid 58-5, linolic acid 22-3%, and exhibits 
the following characteristics : d 15 0-9251, 

ref. ind. 1-4761 (25°), solidifying pt. -3-5°, 
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saponification value 191-1, iodine value 115 3, 
Reichert -Meissl value 0 5-1 05, Polenske value 
0 87, acetyl value 16 6, acid value 3 5-10 7. 

The composition of the ash of cucumbers 
vanes considerably with the manner and 
locality in which they are grown. The following 
data are representative values : 

K,0 NjjO C»0 M*0 FejOj 

3S51 4 95 C 4-7 0 3 2-^5 0 8 

P t O s SOj SIO, Cl 

13-10 5 5^6 5 4 2^8 0 6 4-4) 2 

Small proportions of manganese, copper, and 
zinc are also recorded by various analysts 

A G Po 

CUDBEAR. A purplish red powder cm 
ployed 03 a colouring agent, obtained by digest- 
ing HoreUa lichen with mi mom a 
CULLEN EARTH or COLOGNE 
EARTH. A variety of brown coal or lignite, 
of limited use as a pigment 
CUMENES, C n H 12 The name cumene, 
originally given to wopiopylbenzene to indicate 
its connection with cuznic acid, from which it 
was obtained by distillation with lime, is 
frequently used as a generic term including 
any of the isomeric benzene hydrocarbons of the 
formula C 9 H, t Theory predicts the evistcnce 
of eight of these, all of which have been found 
in coal tar oil 

Propylben7»nes —(I) Normal Propyl- 
Bfvzene (a cumene), C,H S CH, CH, CH S 
n-Propylbenzene may be obtained by the 
gencial methods applicable to the formation 
of alkyl benzenes It is conveniently prepared 
(70-75% yield) by the action of diethyl sulphate 
on an ethereal solution of PhCHjCl (“ Organic 
i Synthesis,’’ New York, 1925, vol 4, p 59). 

' Allyl cyclohexane with platinised charcoal at 
200°C. is converted to a nuvture of prop} Icyclo 
hexane and propylbcnzenc (Levina and 
Tzunkov, J Gen. Chem. Russ 1934, 4, 1250). 
The equilibrium : 

CjH s CHj CH t CH,+ 3Hj 

v^CgH lt CH, CH 2 CH, 

in the presence of a palladium catalyst has been 
investigated (iW. 1933, 3, 718) 

Propyl benzene (bp. 137°) lias normal aro- 
matic reactivity. Also it is interesting that 
it reacts with carbon tctrabroraide gning 
C # H s 'CHB r CjH 4 (Hunter and Edgar, J 
Amer. Chem. hoc 1952, 54, 2025), and with 
chromyl chloride, giving a double compound 
that on decomposition with water yields benzyl 
methyl ketone (von Miller and Rohde, Bcr. 1890, 
23, 1070). Vigorous ovidation converts propyl* 
benzene to benzoic acid. A number of papers 
on the nitration of alkyl benzenes studied from 
the point of view of modern electronic theories 
have recently appeared in the Journal of 
tho Chemical Society : p iso pro py 1 1 o! ucne — Lc 
Fevre, 1933. 9S0; p-et by I toluene — Brady' and 
Day, 1934, 114; n-propylbenzene — Brady and 
Cunningham, 1934, 121 ; p fert-butyltolviene — 
Brady and Lahiri, 1934, 1934. 


(2) isoPropylbenzene (Cumene). — F oma. 
hon. Cumene may bo synthesised by many 
general methods It may bo prepared by the 
action of wopropyl sulphate on phenyl m&g. 
nesmm bromide (Bert, Compt. rend. 1923, 178 , 
840), by condensation of isopropyl alcohol and 
benzene m the presence of concentrated sulphurio 
acid (Meyer, Monatsch. 1929, 53, 54, 721) snd 
by condensation of isopropyl chloride and 
benzene in tho presence of a little aluminium 
chloride (Badziewanowski, Ber., 1895, 28 1137). 
It is also readily obtained by boiling 1 part of 
p cymene, 10 parts of benzene, and 0 05 part of 
aluminium chloride for 10 hours, washing with 
water and fractionating (Bccdtkcr and Hake, 
Bull. Soc. Chim. 1916, [iv], 19, 447) : 

C„ H« M e Pr^+ C e H 8 ->-C 6 H S M e-f- C # H S Pr^. 

Cumene is formed with other propyl benzenes 
by the alkylation of benzene with propylene 
using various catalysts, eg H 2 S0 4 or H.PO, 
(U S P. 2006541) or BF S (Nieuwland ct al , J. 
Amer Chem Soc. 1935, 59, 1547) Cumene is 
produced when the vapours of certain terpones 
are passed over heated metals (Ni, Cu) (Sabatier 
ft al. Compt rend 1919, 188, 671; 1919, 
162. 929). It occurs in coal tar (Schultz, Ber. 
1910, 43, 2317) and in American petroleum 
(Mabery and Dunn, Amer Chem J. 1890, 
18. 215) The preparation of cumene from 
propyl bromide, benzene, and aluminium chlor- 
ide, and that of cymene from p bromotoluene, 
normal propyl bromide, and 6odium (kittig, 
Schafer, and Kbmg, Annalen, 1869, 149, 331) 
was for a long time the eauso of great confusion 
in ascertaining tho constitution of members 
of the cumene and cymene groups, os it was not 
realised that m each cast the propyl, group 
changed into the isopropyl- group owing to the 
temperature of the reaction not being regulated. 

Cumene has bp. 152 6“-152 8°/759 mm , d]® 
0 862. With tert butyl alcohol and concentrated 
Bulphunc acid cumene yields tert butyl cumene 
(H Barbicr, 14i6me Congris do Chimie Industn- 
elle, Pans, Oct 1934). Vigorous ovidation of 
cumene yields benzoic acid With chromio acid 
or permanganate in glacial acetic acid, phenyl 
dimethyl caTbinol is produced (BcedtLer, 
WfiVi. Sz/t. 'Z'urn,. VMA , Vrn’j, 2S., %vy,. CiiflawR. 
reacts with chromyl chloride in carbon di- 
sulphide solution, giving an addition compound 
which on decomposition with water gives 
hydratropio aldehyde, C 8 H 3 CHMe CHO, and 
acetophenone (von Mdler and Rohde, Bcr. 1891, 
24, 1357). Dilute nitric acid (d 1 075) in a sealed 
tube at I05 e C. reacts with cumene, giving fi- 
mtro (8 pbenylpropane (Konowalow, Ber. 1894, 
27, 488 ; 1895, 28, 1856). 

Cumene may be nitrated and sulphonated in 
tho usual way- (Gibson. J.CS. 1920, 117, 948, 
Bert and Doner, Bull Soe. chim. 1927, 41, 1 170 ) 
Chlorination of cumeno y ields mono , di , tn- 
tetra-, and penta chloro cumenes and the 
corresponding chlorobenzenes. The wopropyl 
group is thus easily displaced On nitration of 
tri*, tetra , and penta-chlorocumenes, the wo 
propyl group is replaced by the nitro group 
(Qvwt snd Sale, Chem. Zentf. 1934. 2, 604). 
Propyl chloride, tert- butyl benzene, and p^i-tert- 
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butylbenzene are formed from cumene, iso- 
bufcyl chloride and a very little aluminium 
chloride at room temperature (Boedtker, Bull. 
Soc. chim. 1906, [iii], 35, 834). 

(3) Methylethylbenzenes. — The methyl- 
ethylbenzenes, prepared by the action of sodium 
on a mixture of ethyl bromide or iodide with the 
corresponding bromo-toluenes, are liquids with 
boiling-points — o-, 158-159°, m- 158-159°, 

p- 161-2°, and specific gravities of approximately 
0-87 at 16°C. 

Trimethylbenzenes, — (1) Consecutive tri- 
methylbenzene (hemimellitene, hemimellitrine), 
C 6 H 3 (CH 3 ) 3 (1:2:3) is obtained by heating 
a-isoduric acid C 6 H 2 (CH 3 ) 3 C0 2 H with lime. 
It has recently been isolated from an Oklahoma 
petrol (Beveridge and Sehicktanz, J. Bes. 
Nat. Bur. Stand. 1933, 2, 665). The benzenoid 
hydrocarbons of the fraction, b.p. 118-132°/ 
215 mm., were separated from other hydro- 
carbons by extraction with liquid sulphur 
dioxide and from one another by processes 
involving distillation, crystallisation, selective 
sulphonation, crystallisation of the sulphonic 
acids, and selective hydrolysis of the sulphonic 
acids. It was estimated that mesitylene, pseudo- 
cumene and hemimellitene are present in the 
crude petroleum used in the proportions 0-02, 
0-2, and 0-06% respectively. 

Hemimellitine has b.p. 176-1, sp.gr. 0-8951 
(20°C.), n"^ =1-5116. 

(2) Unsymmelrical trimethylbenzene ( fi-cumene )> 
C 6 H 3 (CH 3 ) 3 (1:2:4), occurs together with 

mesitylene in coal-tar (Beilstein and Kogler, 
Annalen, 1866, 137, 317), and is present 
in many petroleums (Poni, Chem. Zentr. 1906; 1, 
459). It is prepared by the action of sodium on 
a mixture of either bromo-paraxylene or bromo- 
melaxylene with methyl iodide. In order to 
isolate it from coal tar, Armstrong recommends 
(Chem. News, 1878, 38, 5; Ber. 1878, 11, 
1697) that the mixture of (//-cumene and 
mesitylene ( v . infra) boiling between 160° and 
170°, obtained from coal tar by fractional 
distillation, should be converted into their 
sulphonic acids, and the mixture heated with 
concentrated hydrochloric acid in a sealed tube 
for 1 hour at 100°. In this way the mesitylene- 
sulphonic acid is decomposed, regenerating 
mesitylene, whilst the i/i-cumenesulphonic acid 
is not attacked. After separating the mesitylene 
the (//-cumenesulphonic acid is precipitated 
from the hydrochloric acid solution by sulphuric 
acid, purified by recrystallisation from dilute 
sulphuric acid, and finally decomposed by heating 
with hydrochloric acid at 140-150°, when it 
breaks up into (//-cumene and sulphuric 
acid. A slight modification of this method of 
separation is described by Smith and Cass, 
J. Arner. Chem. Soc. 1932, 54, 1603). Jacobsen 
(Ber. 1876, 9, 256) separates the two isomeric 
sulphonamides by recrystallisation from alcohol, 
in which mesitylenesulphonamide is readily, 
(//-cumenesulphonamide only sparingly, soluble. 
The sulphonamides are then hydrolysed by 
heating with concentrated hydrochloric acid at 
175°. 

Another method proposed by Jacobsen 
(Annalen, 1877, 184, 199) is to separate the two 


sulphonic acids by fractional crystallisation ; 
^-cumenesulphonic acid is soluble with difficulty 
in sulphuric acid and crystallises out. On 
heating to its melting-point (110°) and pass- 
ing in steam at a temperature of 250°, pure 
^-cumene is obtained (see also Schultz and 
Herzfeld, Ber. 1909, 42, 3602). (//- Cumeno 

boils at 168-2°, and has sp.gr. 0-877 at 18° 
(Schultz and Herzfeld, l.c.). On oxidation with 
nitric acid, it yields two isomeric acids of the 
formula C e H 3 (CH 3 ) 2 C0 2 H — xylic acid and 
p-xylic acid — and a small quantity of the iso- 
meric methylfsophthalic and methyltere- 
phthalic acids : 

C e H 3 (CH 3 )(C0 2 H) 2 

(Bentley and Perkin, J.C.S. 1897, 71, 165). 

Oxidation of ^-cumene with lead dioxide 
or manganese dioxide in the presence of sulphuric 
acid or eleetrolytically yields considerable 
quantities of 2:4-dimethylbenzaldehyde (Perkin 
and Law, J.C.S. 1907, 91, 263, 752). When 
boiled with aluminium chloride ^-cumene 
is converted to a mixture of benzene, toluene, 
xylene, mesitylene, durene, etc. (Jacobsen, Ber. 
1885, 18, 341; Anschutz, Annalen, 1886, 235, 
186). This is a general type of reaction for 
polymethylbenzenes. 

(3) Symmetrical Trimethylbenzene (mesityl- 
ene), C 6 H 3 (CH 3 ) 3 (1:3:5). — Mesitylene occurs in 
the coal tar fraction of b.p. 157-162° (Fittig 
and Wackenroder, Annalen, 1869, 151, 292 ; 
Schultz, Bor. 1909, 42, 3602), and in American 
petroleum. It is obtained on elimination of 3 
molecules of water from 3 molecules of acetone. 
This elimination may be brought about by 
means of sulphuric acid (Organic Syntheses, 2, 
41). 

Mesitylene is formed on dissolving allylene, 
CH 3 -C|CH in sulphuric acid and distilling 
with water (Fittig and Schrohe, Ber. 1875, 8, 
17). Mesitylene has b.p. 164-5, sp.gr. 0-8768 
4°/4°. It has the normal reactivity of a com- 
pound of its constitution. 

CUMfDINES, C 9 H 13 N. The term “ cumi- 
dine,” which originally was proposed for the 
monobasic derivatives of cumene (isopropyl- 
benzene) includes also by accepted usage num- 
erous basic derivatives of pseudo- or (i/r)-cumene 
(l:2:4-trimethylbenzene, mesitylene (sym. tri- 
methylbenzene), n-propylbenzene, and other 
bases of the same empirical formula. Of these 
isomers only those of practical interest are 
treated below, the most important being sym-^t- 
cumidine and mesidine. 

orthoCumidine, o-aminoisopropylbenzene, is 
formed by decarboxylation of aminocuminic 
acid with baryta (Cahours, Annalen, 1859,109, 
19) and to a smaller extent by reduction of the 
crude nitration product of cumene. It yields 
normal salts and has b.p. 213-5-214-5/732 mm. 
Passage over hot lead peroxide yields indole. 
The acetyl derivative has m.p. 72°. 

Cum idine, p-aminoisopropylbenzene, is made 
by nitration of cumene with fuming nitric acid 
and reduction of the nitrocompound with 
ammonium sulphide (Constam and Goldschmidt, 
Ber. 1888, 21, 1157) and also by direct con- 
densation of aniline with isopropyl alcohol in 
presence of zinc chloride at 260° (Louis, Ber. 
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1883, 16, 111). B p. 216-218°, acetyl deriva- 
tive up. 102-1025°. On oxidation with 
sodium chlorate and potassium ferro cyanide in. 
hydrochloric acid solution, cumidme yields an 
“ aniline-black ” dyestuff {Kirpitschmkow, 
Chem. Zentr. 1906, 1, 829) and it is also the 
source of ft dyestuff obtained by condensation 
with cyanogen chloride in pyridine solution 
(G.P. 155782). 

paraAmlnoprapytbenzene is formed by 
condensation of aniline with propyl alcohol 
(Willgerodt and SckerL Annalen, 1903, 327, 
301) and has bp. 224-226°, acetyl derivative, 
m.p. 96’ (for preparation, see G. Baddeley and 
J. Kenner, J.C S. 1935, 303). 

Mesldine, obtained by reducing nitromesityl- 
ene with tin and acid (Fittig and Storer, Annalen, 
1868, 147, 3) as well as by numerous less 
usual methods of introducing an amino group, 
has b p. 229°, acetyl derivative, m.p. 216°. 
Mesidine undergoes normal reactions and finds 
some use as a dye intermediate. 

0 Cumidme, sym. -0-cumidme 

(CH, CHj-CHjiNH,-! 2.4:5) 

is obtained by reducing nitropseudocumene with 
tin and hydrochloric acid, but is more economic- 
ally prepared by digesting technical xylidine with 
methyl alcohol at 300°, the basic mixture being 
separated by crystallisation of the nitrates 
(GJ*. 22265). 0 Cumidme has m.p. 63°, 

b p. 234°, is insoluble in water and is characterised 
by a sparingly soluble nitrate and by complexes 
with aym-trinitrobenzene and sym trinitro- 
toluene (Noelting and Sommerhoff, Ber. 1906, 
39, 78) ; acetyl derivative, m.p. 161°. 0-cumi- 
dine while exhibiting many normal reactions 
undergoes some remarkable condensations and 
oxidations to substituted acridines (Senier and 
Compton, J.C.S. 1907, 91, 1934) and hydro 
quinolines (Jones and White, t bid 1910, 97, 
643) Reaction with n-bromoisovaleryl bromide 
yields a hypnotic N alkyl derivative, but 
0 cumidme is more important as the source 
of azo colours of the Ponceau senes (Schultz, 
Tab. No. 83), 

Asym-0 cumidine. 

\CH S -CH S CH S UH,-^V2. 4. 

is prepared by reduction of the corresponding 
nitro-compound with iron and acetic acid 
(Edler, Ber. 1885, 18, 630), or with iron and 
sulphuric acid (Huender, Rec. trav. chim. 1915, 
34, 11), m.p. 36°, b.p. 233°, soluble in water. 

CUMIN or CUMMIN. The dned fruit 
(seed) of Cumintim Cymtnum Linn. (Fom 
Tlrobelliferse), a small annual plant indigenous to 
Egypt, but cultivated in other parts of Northern 
Africa, Southern Europe and India. The 
fruits are about 4 to 6 mm. long, tapenng 
towards both base and aper, resembling cara- 
ways and, in fact, they have been called Roman 
caraways. The mcncarps are less curved than 
those of caraway, and whilst they are usually 
separate, they may bo attached to tho pedicel. 
Each mericarp has five longitudinal ndges 
densely covered with numerous hairs, alternated 
with secondary ridges. The cross-section of the 


fruit reveals four dorsal vitt®, or essential oil 
ducts, and an oily endosperm. The flavour and 
odoueare reminiscent of both caraway and anlj? 
but are more bitter and less agreeable. It is used 
as a constituent of curry powder and as * 
carminative, the latter chiefly in veterinary 
practice. 

Microscopic Appearance. — The hairs are seen 
to bo part of the pericarp, measuring up to 200/i 
w length and from 25 to 40ji in breadth, and are 
composed of elongated cells. These are dw 
tmetive of the fruit. The vittso on the outer 
surfaces measure up to 200/i in diameter, whilst 
those of the commissural side are even larger. 
Each of the pnmaiy nbs contains a bundle of 
fibres about 50p in diameter. Tho endosperm 
contains fixed oil and aleurone grains which are 
15/i or less in diameter and enclose rosettes of 
calcium oxalate. 

Chemical Composition. — C. Arragon (Ann. 
Falsif. 1915, 8, 345) quotes the following 
composition of a samplo of cumin fruit from 
Holland : 

% 

Water 10 5 

Ash . . ... 7-27 

Fat 22 9 

Essential oil 2 3 

Protein . . .... 226 

* Fibre 13 4 

Reducing substances, starch, etc.20 4 

All figures, except water, are on the dry 
material 

The principal constituent is tho essential oil, 
and probably the most satisfactory method of 
determining this is by the process of Cocking 
and Middleton (Quart. Pharm. 1935, 8, 435). 
The powdered fruit is mixed with brine and 
distilled, tho vapours being passed through the 
top of a condenser into a graduated tube, in 
which the oil is collected whilst the cohdenscd 
water is returned to the distillation flask. 
An air inlet and outlet are provided by a sido 
tube below the condenser, but above the 
graduated tube. Cumin contains from 2 5 to 
4 0% of essential oil [q v.). 

Standards. — The “ British Pharmaceutical 
Codex ”» suggests that not more than 2% of 
foreign organic matter should be present. 

T. McL. 

CUMIN, ESSENTIAL OIL OF. The 

oil distilled from the fruits of Cumtnum Cymtnum 
Linn. (Fam. Umbelhferce), a native of Egypt 
and the Mediterranean, and cultivated in India 
and China. The chief supplies are from Morocco, 
Malta, and Sicily ; yield 2 5 to 4 0%. 

Composition. — The chief constituent is cumie 
or cnminic aldehyde, of which 30 to 40% is 
present. Pinene, cymene, dipentene, phel- 
landrene are present. 

Characters — A colourless or pale yellow oil 
darkening on keeping. Sp gr. 0 900-0 035, 
opt. rotation +3° to +8°, ref. ind. 1 495-1-609. 
Soluble in 10 volumes 80% alcohol. The curaic 
aldehyde is determined by the hydroxy lamine 
process (r. Aedeuydes). 


CUMMIN p.Cromr. 
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CUPFERRON. Ammonium-nitroso-/?- 
phenylhydroxylamine. Used as a reagent for 
Cu, and also in the separation of Fe, Ti, 
and Zr v. Chemical Analysis, Vol. II, p. 583. 

C U PR AS E . Colloidal cupric hydroxide. 

/5-isoCUPREIDINE (isoopoQUIN IDINE) 
v . Cinchona Alkaloids (this vol., p. 170d). 

CUPREINE v. Cinchona Alkaloids (this 
vol., p. 160i). 

CUPRENE v. Acetylene. 

CUPRETENINE v. Cinchona Alkaloids 
(this vol., p. 1786). 

CUPR1-ADEPTOL. Copper m-phenol 
sulphonate. 

CUPRITE. Native cuprous oxide, Cu 2 0, 
crystallising in the cubic system. Brilliant, 
transparent crystals of a ruby -red colour (hence 
the name ruby-copper-ore) are not uncommon ; 
sp.gr. 6'0. In the variety called chalcolrichite, 
the crystals are capillary in form, being enor- 
mously elongated in the direction of one of the 
cubic edges, and are loosely matted together in 
plush-like masses. Another variety, known as 
tile-ore (Ger. Ziegelerz), is earthy or compact 
and of a brick-red or brownish colour ; it con- 
sists of an intimate mixture of cuprite and 
limonite, and has resulted from the alteration of 
chalcopyrite. Cuprite is sometimes of im- 
portance as an ore in the upper oxidised portions 
of copper veins. 

L. J. S. 

CUPROL. Copper salt of nucleinic acid. 
External astringent dressing (Parke Davis, 
London). B.P.C. 1934. 

CUPRON, a-benzoin oxime, used in the 
quantitative determination of copper and molyb- 
denum v. Chemical Analysis, Vol. II, p. 605d. 

CUPROSILICON. Cuprous silicide ( v . 
Copper). 

CUPRUM LAZUREUM v. Aztjrite. 

CURACIT-SODA. A mixture of the 
sodium salts of glycocholic and other acids 
obtained from ox gall, used as a wetting-out 
agent. 

CURARE. Other native names, Curara> 
Vrari, Woorari, Woorali, Woorara. Curare is 
the name given to tho arrow poisons of S. 
American Indians who dwell in the region of the 
Orinoco and Amazon rivers. Knowledge of it 
was first brought to Europe by Sir Walter 
Raleigh in 1595, and from that time to the 
present its origin and preparation have been 
discussed by explorers, botanists and chemists. 
A summary of the earlier observations of La 
Condamine, Humboldt and Bonpland, Water- 
ton, Schomburgk, Castelnau, Thirion, Jobert 
and Crevaux is given by Planchon (Pharm. J. 
1880, [in], 11,469, 491, 529, 589, 693, 754). 
It is now known that curare is an aqueous 
decoction of several plants, one of which is 
usually a species of Slrychnos, to which the toxic 
action of the preparation is due. The remainder 
contribute extractives which give the curare the 
consistency necessary for preservation of the 
poison and for tipping the arrows. The plants 
used in tho preparation of the product vary 
with tho locality as the following shows : 
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Sources of Curare. — (1) Upper Amazon : 
Strychnos Casielnaeana, Baill., S. Yapurensis, 
Planch. 

(2) Upper Orinoco : S. Cubleri, Planch. 

(3) British Guiana : 8 . toxifera, Schomb. ; 
S. Schomburgkiana, Klotzsch. ; S. cogens, 
Benth. 

(4) Upper French Guiana : S. Crevauxii, 
Planch. 

(5) Esmeralda (Venezuela) : S. guianensis, 
Aubl. 

(6) Peruvian Amazon : Chondrodendron 

spp. (?). 

The advent of firearms replaced arrows for 
hunting, and curare rarely appears nowadays on 
the European market. Such curare as is found 
in museums, pharmaceutical houses, and 
physiological laboratories consists of a brown to 
black, often brittle, extract with a bitter taste. 
In medicine it has been used in the treatment of 
tetanus, hydrophobia, epilepsy, and in cases of 
chronic nervous disease with predominant 
muscular rigidity. For a summary, see West 
(Proc. Roy. Soc. Med. 1935, 28, 41). As native 
preparations vary considerably in composition 
the greatest care is necessary in the administra- 
tion of the drug and its efficacy must first be 
tested on animals. 

For the earlier chemical investigations on 
curare, see Fliickiger (Arch. Pharm. 1890, 228, 
78). The foundation of our chemical knowledge 
was laid by Boehm (Chem. Zentr. 1895, 2, 1084 ; 
1897, 2, 1078; Arch. Pharm. 1897, 235, 
660) who examined the three kinds of curare, 
distinguished by their containers, which have at 
various times appeared in some quantity on the 
European market. Boehm showed that the 
highly active principle in each case was a 
different quaternary alkaloid. Tubocurare or 
para curare was imported in bamboo tubes and 
contained a crystalline inactive tertiary alkaloid 
curine which was shown later by Spath, Leithe, 
and Ladeck (Ber. 1928, 61, [B], 1698) to be the 
l®so-enantiomorph of d-bebeerine, an alkaloid 
found in Radix Pareirse bravse (Chondrodendron 
tomentosum, R. and P.). Its formula is 
C, 8 H 38 0 8 N„ (Spath and Kuffner, Ber. 1934, 
67, [B], 55) and the structure of its di-O -methyl 
ether is now known in detail. It belongs to the 
group of bisbenzylisoquinoline alkaloids which 
are formed by fusion of two benzyl isoquinoline 
structures through ether linkages (Faltis, 
Kadiera, and Doblhammer, Ber. 1936, 69, [B], 
1269; King, J.C.S. 1936, 1276). Tho 

amorphous quaternary alkaloid called tubocura- 
rine by Boehm, was crystallised by King (J.C.S. 
1935, 1381) and found to produce complete 
“ curare ” paralysis of the frog on a dose of 0-5 
mg. per kg. within 15 minutes. It was also 
shown (King, l.c.) that d-tubocurarine chloride 
had the properties of a phenolic betaine and on 
complete methylation of the phenolic groups 
gave d-O-methyltubocurarine chloride which 
proved to be a diastereoisomeride of d-O- 
methylbebeerine methochloride (I). It is very 
probable that tubocurare is prepared from some 
species of Chondrodendron hitherto not examined 
chemically and growing in the region of the 
Peruvian Amazon. 
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O-Metbyltobocnrarine chloride 
O-Methylbebeerlne mcthochlcrlde. 

I. 

Calabash or gourd eurare was found by Boehm 
to contain an amorphous quaternary alkaloid, 
C],H ls ON a CI, called curartne, together with 
traces of s non quaternary alkaloid. The same 
amorphous quaternary alkaloid was isolated 
from Elrychnos loxt/era Sehomb (King, Nature, 
1935, 135, 469) thus confirming Robert Schom 
burgk’a discovery of S. loxt/era as the main 
Sources of the active ingredient of the curare 
of the Macus Indians from British Guiana 
It paralysed frogs on a dose of 0 125 mg per 
kg and showed colour reactions reminiscent of 
strychnine. 

The third variety, known a3 pot eurare, comes 
from Brazil, and appeared on the market in small 
jars usually of unglazed clay. Boehm found 
that this curare varied widely in activity but 
from active material was able to isolate two 
relatively inactive non-quaternary alkaloids, 
proloeunne, C ig H tI O x N, needles, mp. 306° 
(decomp ), and protocundtne, prisms, m p. 274- 
276°, and an active amorphous quaternary base 
prtAocuranne of uncertain composition. The 
last-mentioned showed colour reactions similar 
to strychnine. The paralysing dose on frogs 
was 013 mg. per kg. (Jacabhazy, Arch. exp. 
Path. Phann. 1899, 42, 10). It is probable that 
the active principle is contributed by Strycknos . 
Caslelnaeana lV«d , and not improbable that 
other species, such as Cocculus loxtcoferus, 
Wcdd. and Anomospemtm grandtfohtim Eichler 
supply some of the alkaloids present. 

The predominant pharmacological action of i 
curare consists in a paralysis of the nerve endings 
of voluntary muscle, and for this reason it is | 
much used in physiological research. The . 
discovery by Boehm that the “ curaro ’* 
principle in the three best known types of curare 
is a quaternary alkaloid is noteworthy since it is 
a pharmacological commonplace that neatlv all 
ammonium bases paralyse motor nerve endings 
of voluntary muscle (Crum-Brown and Fraser, 
Proc, Roy. Soc. Edin. 1869, 6, 560). 


The recent investigations of Freise in g 
America (Pharm. Ztg. 1933, 78, 852; 1936, 
81, 818) show that a pot curare of the 
Chavante Indians of Southern Brazil is employed 
for killing animals to bo used as food and ii 
exported os an article of trade to the Argentine. 
It contains as its active principle a non 
quaternary alkaloid, macoubetne, 
CzzHjgOjNj-dHjO, 

[a] D ^55 5°, which is devoid of the typical 
“ curare ” action of the pharmacologist. For 
this reason it is better described a3 a “false 
curare.” It is prepared from Macoubea Guyan- 
tnsis Aubl. (Fam. Apocynace®). 

II. K. 

CURAR1NE v. Cobabe. 

CURCAS OIL (purging nut oil, physic 
nut oi 1, Oleum infemale ; Fr. huile de pulghire, — 
dt purghire, — de pros pigrum d 1 ! nde), rs obtained 
from the seeds of Jatropha curcas L, (Fam. 
Euphorbiace®), a shrub or small tree, probably 
indigenous to Central America, but growing 
freely or under cultivation in many parts of the 
tropics, and especially in the Portuguese 
colonies. In the Capo Verde Islands, where the 
cultivation of curcas is second only to that of 
coffee, the export of seed to Lisbon amounted 
to as much as 3,000 tons in 1030 and about 2,000 
tons in succeeding years (e/. J. Cunha da 
Silveira, Anais do Institute superior de agro- 
nomia (Lisbon), 1934,6, lasc 1, 116) ;m Reunion 
the plant is grown as a support for tho vanilla 
plant The seeds consist of from 32-40% 
of husk and 60-68% of kernel, containing from 
46-58% of oil (t e about 30—10% on tho whole 
seed) which is recovered commercially by hot 
expression The oil is pale in colour, becoming 
reddish yellow upon exposure to the air, and 
has a viscosity about equal to, or slightly greater 
than, that of olive oil : it is characterised by a 
disagreeable odour, and possesses emetic and 
strongly purgative properties, which aro much 
more pronounced than those of castor oil * : 
it is distinguished from the latter by its lack of 
optical activity, low acetyl value and viscosity, 
and by its sparing solnbihty in alcohol and ready 
miscibility with light petroleum. It differs 
from croton oil (g v.) in possessing no rubefacient 
or vesicant properties. 

The recorded analytical values for curcas oil 
show considerable variations (probably depend- 
ing partly upon the origin of the seed), hut the 
following ranges aro typical for genuino expressed 
oils: f. pt. c. -n°C., spgr” 0 918-0 921, 
acid value 0 7 to 0 2, saponification value 
190-103, iodine value 93-100, acetyl value 
5-10 (figures of 18 and 25 were recorded for two 
samples examined at the Imperial Institute 
(Bull. Imp. Inst. 1921, 19, 288). Samples of oil 
extracted by petroleum spirit from decorticated 
seeds and examined by Droit (Thesis. Pans, 
1932 ; Francois and Droit, Bull. Soc. cbim. 1933, 
(iv), 63, 728 ; African seeds extracted in the cold), 
and by Adriaens (IV e Congr. Intern. Tech. Cbim. 

1 A mixture of caster ell and cores* oil, sold under 
the name of " l.njjllsh castor oil " Is stated to have 
beta a popular purgative In America and the Antilles 
In the last century tree DQss, Ann. Inst. Col. Marseille*, 
1830, 3, 26) 
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Ind. Agric., Bruxelles, 1935 ; Bull. Mat. Grasses, 
1936, 10, 813 ; seeds from Belgian Congo), 
had sp.gr” 0-9122-0-9219, ref. ind. 15 1-4694- 
1-4730, acid value 0-4-7-8, saponification value 
176-180 (Droit), 193-196 (Adriaens) ; iodine 
value 97-98 (Droit), 96-6-106-9 (Adriaens) ; 
acetyl value 4-S-8-5, unsaponifiable matter 
0-1-1-15%, including a phytosterol and a 
resinous material (Droit). 

Whilst the commercial oils do not crystallise on 
exposure to low temperatures, the oils extracted 
in the laboratory gradually deposit crystals 
which appear to consist chiefly of oleodistearin. 
According to the detailed examination by 
Droit, the fatty acids of curcas oil consist solely 
of stearic, palmitic^ myristic, oleic and linolic 
acids; no trace of ricinoleic or other liydroxy- 
acid (such as the “ curcinoleic acid,” the 
presence of which was reported by Siegel and 
other early investigators) could be found (c/. 
Klein, Z. angew. Chem. i.898, 11, 1012). The 
“ isocetic ” acid isolated by Bouis (Compt. rend. 
1854, 39, 923) appears to have been a mixture 
of palmitic and myristic acids. The medicinal 
use of the oil is limited by the presence in it of a 
toxic principle (a sterol-resin ester ?) which is 
associated with the alcohol-soluble fraction of 
the oil (c/. Cadet de Gassicourt, J. de Pharm. 
(Paris), 1824, 10, 170 ; Soubeiran, ibid. 1829, 15, 
500 ; Felke, l.c., infra ; Droit, l.c., infra), and is 
not destroyed by heating for 1J hours at 100°C. ; 
upon saponification, this fraction yields fatty 
acids, a phytosterol, and a resin, none of which 
appears to have any physiological action when 
examined separately (Droit, Bull. Mat. Grasses, 
1932, 16, 270). 

A second poisonous substance, curcine (a 
toxalbumin) (c/. Stillmark, Arb. Pharm. Inst. 
Dorpat, 1889, 3, 149 ; Siegel, Thesis, Dorpat, 
1893 ; Felke, Landw. Versuclis-Stat. 1913, 82,427) 
is found in the decorticated seeds after removal 
of the oil, and, consequently, the by-product 
seed-cake can only be utilised as a fertiliser. 
Curcas seeds further contain a fairly active lipase 
(Grimme, Z. deut. Ol-Fett-Ind., 1921, 41, 5l >). 

In addition to its use in medicine, curcas oil is 
used in the manufacture of soap (both in the 
tropics and in Europe), and to a limited extent 
as a burning oil ; its use as a substitute for olive 
oil in compound lubricating oils has been 
suggested. The oil thickens somewhat on heat- 
ing, and is frequently reported to possess weak 
drying properties (c/. Bull. Imp. Inst. 1921, 19, 
288) ; this propensity appears to be less well 
marked, however, in the oils from the Congo 
(Adriaens, l.c.). 

(For a detailed study of the purging nut, its 
oil and toxicology, and bibliography, see Droit, 
l.c. ; also Anon., Gov. Lab. Bangkok, 1929, 
No. 4, 8). 

E.,L. 

CURCINE v. Curcas Oil. 

CURCUMENES, THE. The essential oil 
from the rhizomes of Curcuma aromalica contains 
a mixture of two monocyclic sesquiterpene 
hydrocarbons C 15 H 24 , a- and f2-curcumenes 
(Rao, Shintre and Simonsen, J. Indian Inst. Sci. 
1926,9, A, 140; Rao and Simonsen, J.C.S. 1928, 
2496). i-a-Curcumcne, purified through its 


monohydrochloride, b.p. 150-155°/8 mm., has 
b.p. 128-130°/7 mm., d™ 0-8633, n™ 1-4944, 
[a] D —22-9°. It contains three ethylenic link- 
ages and is best characterised by the preparation 
of its nilrosale, m.p. 101°. Z-/3-Curcumene, 
which can be purified through its trihydrochloride, 
m.p. 84-85°, has b.p. 128-130°/6 mm., d™ 
0-8810, n™ 1-4949, [a] D -27-9°. It has three 
ethylenic linkages. The constitutions of these 
hydrocarbons have not been determined. 

J. L. S. 

CURCUIV1IN ( Turmeric yellow), the yellow 
substantive dye and indicator from the roots of 
Curcuma species Linn. 

CURINEti. Curare. 

CURITE, 2Pb0-5U0 3 -4H 2 0, a uranium 

mineral. 

CURRANT. The fruit of bushy species 
of Ribes. Two varieties are commonly met, the 
red currant, R. rubrum (or R. vulgare Lam.), 
and the black currant, R. nigrum, L. Variants of 
R. rubrum in which the fruit is white are 
specially favoured for dessert. 

Analyses of the red currants from American 
and European sources respectively are : 


Total 

solids. 

Pro- 

tein. 

Acids 

(as 

citric). 

Invert 

sugar. 

Suc- 
rose. Pectin. Ash. 

% 

% 

% 

% 

% % 

% 

(1) 12-97 

1-37 

2-21 

3-44 

0-0 0-8 

0-6 

(2) 15-29 


1-90 

5-74 

0-46 

0-57 


(1) Munson et al.,V.S. Dept. Agric. Bur. Chem. Bull. 
1905, No. 66. 

(2) Olig, Z. Unters. Nahr.-Genussm. 1910, 19, 558. 


According to Hotter (Z. landw. Versuchsw. 
1906, 9, 747) the proportion of fructose is 
slightly higher than that of glucose. The 
actual amounts of sucrose present in the fruit 
and the proportion of reducing to non-reducing 
sugars varies considerably with the stage of 
ripeness of the currant. Sobolevskaja and 
Turetzkaja (Bull. Acad. Sci. U.R.S.S. [Classe 
sci. math.], 1934, 9, 1341), have observed the 
steady increase in total sugars and in the ratio 
of invert sugar to sucrose as the fruit develops. 
The absolute amount of sucrose, however, 
increases markedly during the final stages of 
ripening. These authors explain the general 
course of sugar changes in the ripening fruit 
thus : 

sucrose glucose + fructose -> polysaccharide-*- 
glucose-)- fructose. 

The accumulation of sucrose in ripened fruit is 
ascribed to the cessation of its decomposition 
rather than to its re synthesis from invert sugar ; 
the simultaneous increase in invert sugar is 
attributed to the hydrolysis of polysaccharides. 
The acidity of the fruit is due almost entirely 
to citric acid, although small amounts of malic 
acid are occasionally reported. 

The seeds of red currants contain water 11-42, 
protein 14-92, fat 23-6, N-free extract 24-4, 
fibre 22-8, and ash 2-78 (Alpers, Z. Unters. 
Nahr.-Genussm. 1916, 32, 499). The charac- 
teristics of the expressed oil are d 15 0-9288, 
ref. ind. 1-4772 (25°), saponification value 194-5, 
iodine value 159-8, Reichert-Meissl value 0-55, 
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Polenske value 0-5, Hehner number 95 6, acid 
value 12 9, unsaponifiable matter 0 64%. 

The mineral constituents of red currants (in 
terms of fresh fruit) include : total ash 0 41, 
K,0 019, Na,0 0 02, CaO 0 08, MgO 0 03, 
P^O s 0 09, Fe 0 0007, Al 0 0015, Zn 0 0002%. 

Winduch and Schmidt (Z. Unters. Nahr.- 
Genussm. 1909, 17, 534) record the following as 
average analyses of the juice of red currants : 
d. 5 1 045, solids 1165, protein 0 34, acids (as 
citnc) 2 11, invert sugar 6 90, total ash 0 48 g. 
per 100 c C. 

The black currant resembles the red species in 
composition m many respects. Detailed analyses 
are, however, less common. Hotter (he ) records 
the following analysts for black currant pulp: 
solids 20 7-20 9, acids (as make) 2-3-3 4, 
total sugars 7-3-7 9, glucose 3 3-3 5, fructose 
4 0-4 4, sucrose 0 2-04, tannin 0 33-0 41, ash 
0 63-0 87. 

The acids of the fruit comprise chiefly citnc 
and Urtanc ; the proportions vary with stage of 
npetnng, that of citnc acid reaching maximum 
in the half npe stage. 

As in the case of red currants the black variety 
undergo a very rapid increase in sugar content in 
the last stages of npening (or over npening). 

A. G. Po 

CURTIUS DEGRADATION OF 
ACID AZIDES v. Amines. 

CUSCAMID1NE v. Cinchona Alkaloids 
( this voL, p. 161c), 

Cl/SCAMINE v. Cinchona Alkaloids (this 
vol , p. 161c). 

CUSCOHYGRINE v Cocaine and other 
alkaloids of the Erythroxylon species. 

CUSCONIDINE v. Cinchona Alkaloids 
( this vol , p. 161d). 

CUSCONINE c. Cinchona Alkaloids (this 
vol., p. I61d). 

CUSPAR1 A BARK, CUSPARINE, 
GALIPINE AND MINOR ALKALOIDS. 

Cu9pana bark, Angostura bark. Cortex Cuspana: ; 
(Fr. Scarce d'A ngosture ; Ger Angoslurannde). 
It is denved from Qalipea officinalis Hancock, 
syn. Cusparta tnfoliata Engler (Fam Rutace®), 
a small tree of Venezuela, and was onginaUy 
shipped from Angostura on the Orinoco to 
Trinidad. It was long considered to 6e denved 
from the closely related Cusparia ftbnfuga D C. 
Brazilian (false) “ Angostura ” bark is denved 
from Eetnbecha felnjuga A. Ju3s. (Fam. Ruta- 
ce®). For history and botanical investigation 
of different barks r. Hartwich and Gampcr 
(Arch. Pharm. 1900, 238, 568). 

Angostura bark contains about ten alkaloids, 
some of which pro very simple basio com- 
pounds; it also cbntams a little essential oil, 
a bitter pnociple and a glucoside. 

The cusparia alkaloids were investigated by 
Troger and Becknrts ; for references concerning 
earlier investigations, r. fip&th and Brunner 
(Ber. 1924, 57, [B], 1243). 

The best description for isolation and Identifi- 
cation of cuspana alkaloids is given by SpSth 
and Eberstaller (Ber. 1924, 57, [B], I687),Sp5th 
and Papaioanou (Xlonatsh. 1929, 52. 129), and 
Spath and Pikl (Ber. 1929. 62. [B], 2244, Monatsh. 
1930, 55, 352). 16 kg. of angostura bark 


are percolated with EtOH for 8 days. EtOH 
is evaporated in vacuo and the oily residue still 
containing appreciable amounts of EtOH 
(this is essential) diluted with 2 litres of 20% 
NaOH and extracted with 4 litres of Et.O. 
Phenolic and non-phenolic bases are tm« 
separated. 

Non phenolic Bases . — By extracting above 
ethereal solution with 1% HC1 the sparingly 
soluble hydrochlorides of cuspanne (1) and 
gahptne (II) are obtained. The two alkaloids 
are separated through the oxalates, a method 
developed by Troger and Kroseberg (Arch. 
Pharm. 1912, 250, 503; (I) oxalate sparingly, 
(Il)-oxalate easily, soluble in H.O). Yields: 
(I)=l 06%, (II)=0 35%. 

200 g of the oily mixture left after separation 
of (I) and (II) are treated with light petroleum, 
which dissolves about 30 g. The oily residua 
obtained by evaporation of the petroleum u 
steam distilled and the distillate re-distilled in 
vacuo, after a small first fraction A, 8 7 g. of 
almost pure 2 n amyl 4 methozy quinoline (III) 
distils at 190-200 o /14 mm. ; yield 0 05%. 

The first fraction A is distilled again, when 
two separate fractions are obtained -. b p. 109- 
1457U mm.=B (05 g) and bp. 145-190°/ 
14 mm.=C (5 2 g.). Fraction B finally 
yields quinoline (IV) and 2 methylqiiinoline 
(quinaldine) (V). Yield of the two bases about 
0 003%. Fraction C gives l-methyl-2-keto 1-2. 
dihydroquinohne (VI) (0 01%) and 2 n amyl 
quinoline. (VII) (0 003%). 

Phenolic Bases . — The alkaline solution left 
after separation of the non phenolic bases is 
acidified with 6% HCI, separated from tar, 
baaified with soda, and extracted with CHCL. 
After evaporation the residue is extracted with 
ether and finally pure gahpohne (VIII) is 
obtained. 

Cuspareme (Chem. Zentr. 1909, II, 1570; 
1911, I, 163), gaUpoidinc (Arch. Pharm. 1913, 
251, 252), and angosturins (Chem. Zentr. 1911, 1, 
163) were isolated by Troger and co workers, 
bnt their existence has not yet been confirmed. 
All cuspana alkaloids are optically inactive. 

Cuspanne (I), C ls H„O s N, crystallises in 
needles from light petroleum, m.p. 92°, it is 
apparently tnmorphous (colourless needles, 
yeffow need/es, and am her tinted crystal/ 
(I) is easily soluble in organic solvents Tho 
salts are sparingly soluble and may be readily 
separated from the salts of associated alkaloids 
B HCl+3H t O, white crystals; B oxalate is 
characteristic (i'. supra), mp. 162-156°, 
sulphur-yellow needles. Also platinichlonde 
and aunchlonde are crystalline. B methiodide, 
m p. 176° (yellow prisms). (I) is the easiest of 
the angostura alkaloids to separate. 

Oahpint (II). C, 0 H SI O,N, crystallises from 
EtOH, EtjO or light petroleum in colourless 
prisms, m p. 115 5°; it yields crystalline salts, 
which are more soluble than those of (I)- 
B HBr, up. 169° (yellow); B HI, mp 178° 
(yellow) ; B metbiodide, m p. 145° (yellow 
needles). 

2 n-Amyl 4 m ethoxy quinohne(lll), C„H„ON. 
colourless oil with very faint odour, easily 
soluble in dilute HCI, B pierate, needles from 
MeOH, mp. 132°; B, -platinichlonde forms 
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characteristic, yellow crystals, m.p. 220° 
(decomp.). 

Quinoline (IV) and 2-methylquinoline (V) 
(quinaldine) were identified as picrates and 
2:4:6-trinitro-l:3-cresolates. 

1 - Methyl - 2 - keto -1:2- dihydroquinoline (VI), 
C M H g ON, m.p. 74°; B-picrate from MeOH, 
m.p. 129-130°. 

2-n- Amyl quinoline (VII), b.p. 130-145°/ 
10 mm., identified as picrate, m.p. 125-126° 
(from MeOH). 

Galipoline (VIII), Ci 9 H 19 0 3 N, colourless 
crystals, m.p. 193° (from H 2 0), soluble in 
caustic soda; by methylation of (VIII) with 
diazomethane (II) is obtained. 

Cuspareine (cf. Troger and Runne, Arch. 
Pharm. 1911, 249, 176), C 18 H 1B 0 2 N, m.p. 56°, 
is a very weak base and distils without decom- 
position. No salts could be obtained, it contains 
two MeO-groups. B-methiodide, m.p. 156° 
(leaflets from H 2 0). 

Galipoidine (cf. Troger and Runne, l.c., 183), 
C 1s H, 6 0 4 N, m.p. 233°, needles from EtOH, 
insoluble in ligroin, light petroleum and ben- 
zene; sparingly soluble in hot EtOH, It 
yields a crystalline platinichloride and aur 
chloride. 

Angosturine is apparently identical with 
galipoidine (cf. Chem. Zentr. 1911, I, 164). 

Constitution of Angostura. (Cusparla) 
Alkaloids. — When (I)-methiodide is treated 
with silver oxide or caustic soda, a new base, 
tsocusparine (m.p. 194°), is formed. (II)- 

methiodide undergoes the same rearrangement. 
Apparenty the Me of the MeO-group migrates 
to the N-atom (cf. Troger and Muller, Arch. 
Pharm. 1914, 252, 459), a rearrangement which 
is typical for a- and y-methoxy-quinolines (cf. 
dictamnine and skimmianine). By zinc dust 
distillation of cuspareine (Troger and Runne, l.c., 
182) and (II) (Troger and Kroseberg, l.c., 525) 
quinoline was obtained. By potash-fusion both 
(I) and (II) yielded protocatechuic acid, on 
oxidation with permanganate veratric and a 
methoxyquinoline carboxylic acid were obtained 
from (II). Troger and Bonicke (Arch. Pharm. 
1920, 258, 250) suggested a formula for (II) which 
was slightly modified by Spath and Brunner (l.c .) ; 
(I), (II), and (VIII) have the following formula), 
as proved by synthesis : 



(II) : R[=Rj=R s =OMe. 
(VIII):R 1 =R 2 =OMe; R 3 =OH. 

Synthesis of (I) : Spath and Brunner (l.c.). 
Synthesis of (II) : Spath and Eberstaller (l.c.). 
Synthesis of (III) : Spath and Pikl (l.c.). 
Synthesis of (VIII) : Spath and Papaioanou 
(l.c.). 

Nothing is known about the constitution of 
cuspareine and galipoidine. 


The essential oil (from Cusparia trifoliata) is 
described in Schimmel and Co.’s Semi-Annual 
Report, April, 1913. 

Angosturin, C 9 H 12 0 5 , m.p. 58°, is a crystalline 
bitter principle, readily soluble in H 2 0 and 
EtOH, but not in ( Et) 2 0. Angostura bark is a 
constituent of “ Angostura bitters,” and is 
used in medicine as a tonic in derangements of 
the alimentary canal, but it is not included in 
the “British Pharmacopoeia” nor in the 
“ United States Pharmacopoeia.” 

Schl. 

CUSPAR1NE v. Cuspaeia Babk. 

CUSSO, KOUSSO. The dried panicles 
of pistillate flowers of Brayerd anlhelmintica 
Kunth. 

CUTCH v. Catechu. 

CYAMELIDE v. Cyanides (this vol., 
p. 505). 

CYANAMIDE v. Cyanides (this vol., 
p. 505). 

CYANANTHROL B (SOLWAY BLUE 

R) v. Anthbaquinone Dyestuffs. 

CYANIC ACID v. Cyanides (this vol., 
p. 606d). 

CYAN IDATION PROCESS FOR 
GOLD AND SILVER ORES v. Cyanides. 

CYANIDES. 

Historical.—' The earliest known cyanide 
compound was Prussian blue, which was dis- 
covered accidentally in 1704 by Dicsbach and 
Dippel in an attempted preparation of Florentine 
lake. The new blue very quickly displaced 
ultramarine, but its method of manufacture 
remained a secret until 1724, when Woodward 
described the calcination of blood with potassium 
oarbonate, and the treatment of the aqueous 
extract with ferrous sulphate and alum to give a 
greenish precipitate, which yielded Prussian 
blue when treated with hydrochloric acid. 
Macquer Bhowed that horn, leather and other 
animal matter could be used instead of blood, 
and in 1752 found that Prussian blue was 
decomposed by boiling with alkali into ferric 
hydroxide and a soluble salt from which the 
blue could be regenerated. Potassium ferro- 
cyanide (yellow prussiate) was first obtained in 
the crystalline form by Sage in 1772. 

The relationships of the ferrocyanides, hydro- 
cyanic acid, cyanogen and many of their deriva- 
tives were elucidated by the brilliant researches 
of Scheele (1782-3), Berthollet (1790), and 
Gay Lussrc (1815). Schcele was the first to 
prepare an aqueous solution of hydrocyanic 
acid and Gay Lussac first isolated the anhydrous 
liquid. 

Animal matter treated • by the process 
described above was the sole source of cyanides 
for about 150 years, until a new one was found 
in the cyanogen content of coal gas. The 
existence of cyanogen compounds in coal gas 
was mentioned by Jacquemyns in 1843, and in 
1860 prussfiate was manufactured from spent 
oxide for the first time at the Paris gas works. 
By 1884 gas works ferrocyanide had almost 
completely replaced the older product in the 
European industry, partly because of the 
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increased use of nitrogenous organic matter as a 
fertiliser, and partly because of the reduced 
consumption of Prussian blue due to the com- 
petition of coal tar dyes. In the United States 
the old process held its own for nearly twenty 
years longer. Between 1800 and 1000, greater 
efficiency in the recovery of cj anides from coal 
distillation products was obtained by the 
introduction at gas worts of special cyanide 
washers, the cyanide being almost quantitatively 
fixed as ferrocyamde which is relatively easily 
recovered from the scrubbing liquid. 

The discovery of the electroplating process for 
gold and silver by J, R. and H. Elkington in 
1840 led to a demand for potassium cyanide, 
which was met by the process of fusing ferro- 
cyanide with potassium carbonate, a reaction 
discovered in 1834 by F. and E. Rodgers 
In 1887 MacArthur and the Forrests patented 
the cyanide process for the extraction of gold 
and silver from their ores, and it was first 
operated at Karangahake, New Zealand, in 1889, 
and near Johannesburg, Transvaal, in 1890 
The cyanide process was rapidly adopted m all 
the goldfields of the world, and led to a con- 
siderable increase m the rate of gold production, 
and transformed the cyanide industry from a 
small by-product industry into a relatively large 
synthetic industry. Whilst the production of 
potassium cyanide in 1889 (by the Rodgers 
process) was 60-70 tons per annum, and of 
yellow prussiate not more than 6,000 tons, it is 
estimated that the w o rid production of potassium 
cyanide had reached 0,600 tons per annum by 
1899. 

At first the increased quantities of cyanide 
were made from ferrocyamde by the Rodgers 
process, and then by the Erlenmeyer process 
(discovered in 1876) using metafile sodium. The 
rapidly increasing demand, however, stimulated 
the search for direct synthetic processes, of 
which a great number were invented and the 
following were actually worked with some 
auccess : 


Process 

Location or plant. 

Date of 
first pro- 
duction 

Siepermann 

Stassfurt, Germany 

1892 

Beilby 

Glasgow, Scotland 

1892 

British Cyan- 
ides Co. 

Oldbury, England 

1895 

Raschen 

Runcorn, England 

1898 

Readman 

Leven, Scotland 

1899 

Castner 

Germany, Scotland, 

1899 


U S.A. 

1900 

Bueb 

(Schlempe) 

Dessau, Germany 

1902 


Of these the last two arc still in operation and 
provide the greater part of the world’s cyanide 
requirements. At the present time there is a 
tendency in the United {States for a reversal 
of the old economic relationship, so that 
synthetic cyanide is the raw material for ferro- 
eyanide. 

The use of cyanide as a fumigant in pest control 


was introduced in 1903, first in the citrus groves 
of California to control a parasitic scale insect 
and at a later date m the fumigation of ships 
and warehouses and other buildings against 
vermin. The hydrocyanic acid vapour required 
was formerly generated in situ from cyanide and 
acid, but since 1917 liquid hydrocyanic acid has 
been marketed for direct application. 

Another use of cyanide which has been 
developed since 1918 is in the case hardening ot 
iron and steel, which now consumes increasing 
quantities of sodium cyanide. This use depends 
on the formation of a surface layer of a solid 
solution of iron carbide and iron nitride in 
metallic iron. 

The source of the nitrogen for the commercially 
successful cyanide processes la ammonia or 
methylammes (Schlempe process), but the War 
(1914-18) stimulated the search for methods of 
fixing atmospheric nitrogen ns cyanide. Posaoi 
and Boissiire first attempted the manufacture of 
potassium cyanide from potassium carbonate, 
ch&TCoal, and nitrogen as early as 1843, but the 
greatest advance towards the technical realisa- 
tion of this reaction was made by Bucher 
m the United States between 1912 and 1018. 
With the stimulus of abnormal war conditions 
removed, however, the process was unable to 
compete w ith the older methods, and its opera- 
tion is now- discontinued in America About 
the same time Caro and Trank in Germany were 
endeavouring to produce cyanide by the 
mtrogenation of calcium carbide, . and tho 
process was brought to commercial success by 
Landis in America in 1918. Relatively large 
quantities of impure calcium cyanide, used in the 
gold mining industry and in fumigation, are 
now produced by this reaction. That no greater 
development of tho fixation of nitrogen as 
cyanide has occurred may be ascribed to 
the great progress which was made, both 
during and immediately after the War, in 
the manufacture of synthetio ammonia, 
which has now largely replaced by-product 
ammonia as the raw material for cyanide manu- 
facture. 

The most recent research on cyanide synthesis 
has been in the realm of high temperature gas 
reactions for tho production of hydrocyanic acid 
from ammonia (or nitrogen) and hydrocarbons, 
and on methods of converting the hydrocyanic 
acid so obtained into sodium cyanide ofsimdar 
punty to the high-grade product of the Castner 
process. Of the many such processes described, 
only one, involving the passage of ft gaseous 
mixture of nitrogen and hydrocarbon gas or 
vapour through an are, is known with certainty 
to have been operated on a commercial scale. 
It may well be, however, that tho futtiro 
development of tbo cyanide industry will be 
along these lines. 

The world consumption of cyanide at the 
present time is probably more than 30,000 tons 
per year of sodium cyanide or its equivalent. 
The abandonment of tbo Gold Standard in 
many countries since 1031 has caused an 
increased consumption by stimulating the gold- 
mining and base metal industries, and steady 
development has occurred in the use of cyanide 
for case hardening and fumigation. 



CYANIDES. 


465 


The cyanide compounds are considered below 
under the following headings : 

I. Complex iron cyanides (ferrocyanides, ferri- 
cyanides, pentaeyanides). 

II. Alkali metal cyanides. 

III. Heavy metal cyanides (of copper, gold, 
mercury, silver, zinc). 

IV. Alkaline earth cyanides. 

V. Hydrocyanic acicl. 

VI. Cyanogen and its derivatives. 

VII. Cyanates. 

VIII. Thiocyanates. 

I. COMPLEX IRON CYANIDES. 

General Chemistry. — In this section a 
brief account is given of the chemical charac- 
teristics and relationships of the ferrocyanides 
and ferricyanides. 

In all probability the simple parent substances, 
ferrous cyanide, Fe(CN) 2 , and ferric cyanide, 
Fe(CN) 3 , do not exist. Substances having 
the empirical composition of the expected 
ferrous cyanide are indeed produced in the dry 
way by heating ammonium ferrocyanide or 
hydroferrocyanic acid, and in the wet way by 
precipitating ferrous solutions with cyanide; 
but these are rather to be regarded as ferrous 
ferrocyanide, Fe 2 [Fe(CN) 6 ], and similar com- 
plex derivatives of hydroferrocyanic acid, which 
are “ polymers ” of Fe(CN) 2 (see Wyrouboff, 
Ann. Chim. Phys. 1869, [iv], 16, 280 ; Hofmann, 
Arnoldi and Hiendlmaier, Annalen, 1907, 352, 
54). Analogous preparations of Fe(CN) 3 are 
lacking, for the thermal decomposition of 
ammonium ferricyanide and hydroferricyanie 
acid has not been studied, and only ferric 
hydroxide is produced by the interaction of 
cyanide with ferric salt solutions. A crystalline 
solid of the composition Fe 2 (CN) 6 ,2H 2 0 has 
been prepared by Reihlen and von Kummer 
(Annalen, 1929, 469, 30) from solutions of 
potassium ferricyanide and ferric nitrate, and 
this is most probably ferric ferricyanide, 
Fe[Fe(CN) 6 ]. 

The iron hexacyanido ions are among the 
most stable complexes encountered in inorganic 
chemistry, the degree of dissociation into 
simpler ions being too small to be measured. It 
appears unlikely that a dissociation yielding the 
simple ferrous or ferric ions occurs at all, and 
when Fe+ + or Fe+ + + and ON' are brought 
together, formation of complex iron cjanide 
ions proceeds until one or other of the consti- 
tuent ions has disappeared. This explains the 
failure of attempts to prepare the simple ferrous 
and ferric cyanides by wet reactions. The 
formation of ferroc3 T anides from cyanides occurs 
with insoluble as well as soluble ferrous com- 
pounds, and even with metallic iron itself. The 
ionic equations 

(a) Fe++ + 6CN'=Fe(CN) 6 "" 

(b) FeS+6CN'=Fe(CN) 6 ""4-S" 

(c) Fe(0H) 2 +6CN'=Fe(CN) 6 ""+20H' 

(d) Fe+2H„0 + 6CN' 

= Fe(CN) 6 ""+20H'+H 2 

testify further to the extreme stability of the 
ferrocyanide ion, for if any appreciable dissocia- 
tion into ferrous ions occurred, the solubility 
Vol. III.— 30 


product of ferrous sulphide (6) or ferrous 
hydroxide (c) and ( d ) would be exceeded and the 
reaction reversed. 

Eerricyanides cannot be synthesised from 
cyanides and ferric compounds by reactions 
analogous to those mentioned above, for cyanides 
can reduce ferric salts and ferric hydroxide, so 
that ferrocyanides result. According to Rupp 
(Z. anal. Cliem. 1931, 86, 217), however, if the 
ferric salt is first protected by conversion with 
ammonium phosphate into soluble complex 
ferric phosphate, quantitative formation of 
ferricyanide occurs on boiling with potassium 
cyanide. Ferricyanides are generally produced 
by oxidising ferrocyanides, either electrolytically 
or with chlorine or bromine. The transition 
from Fe ( C N ) 6 "" to Fe(CN) 6 "'canbe reversed 
under suitable conditions of experiment. For 
instance (X=C! or Br) 

2Fe(CN) 6 ""+X 2 ^ 2Fe(CN) c '"+2X' 

(Gillet, Bull. Soc. chim. Belg. 1912, 26, 236). 
In strongly acid solution under suitable con- 
ditions, potassium iodide is oxidised to iodine by 
ferricyanide, whilst in neutral solution ferro- 
eyanide reduces iodine. 0\‘3'gen itself will 
oxidise ferroe3’anide to ferricyanide in acid 
solution, but not in alkaline. 

The commonest technical forms of ferro- 
cyanide are “ yellow prussiate of potash,” 
K 4 Fe(CN) 0 , and Prussian blue (ferric ferro- 
C3'anide, etc.). Other ferrocyanides can be 
obtained from the potassium salt by double 
decomposition with metallic salts, and from 
Prussian blue by boiling with the hydroxides or 
carbonates of the alkali and alkaline earth 
metals, when solutions of the corresponding 
ferrocyanides are formed. Neither of these 
methods is entirely satisfactory for the pro- 
duction of pure compounds, for the products are 
usually contaminated by double salts which are 
formed with great ease and are not easily 
removed. If pure products are required, 
it is necessary to neutralise hydroferroc3 T anic acid 
with the appropriate base, or to treat barium 
ferrocyanide with the appropriate sulphate. 

The ferrocyanides and ferricyanides of the 
alkali and alkaline earth metals are soluble in 
water, generally crystallising with water of 
crystallisation. The ferroc3’anides are 3’ellowish 
in the h3 - drated form, and almost white when 
anhydrous. The ferric3 T anides have a charac- 
teristic ruby-red colour. The heavy metal 
salts of both anions are generally insoluble 
amorphous precipitates, the ferroc3 - anides having 
characteristic colours which are not related to 
those of the component ions (e.g. cupric ferro- 
cyanide is brownish-red, ferric ferrocyanide is 
deep blue), and this is held to indicate that a 
constitutional change occurs on their formation. 

When heated above 400°C., the solid ferro- 
cyanides are decomposed into the constituent 
cyanides, e.g. KCN and “ Fe(CN) 2 ,” the latter 
decomposing further into iron, carbon, iron 
carbide and nitrogen. Where one of the 
cyanides is volatile (e.g. NH 4 CN or HCN), 
the primal decomposition, helped by the escape 
of the volatile product, occurs at a lower 
temperature. The solid ■ ferricyanides undergo 
similar disruption on heating, and are less 
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stable than the ferrocyanides, a loss of cyanogen 
being detectable even at I80°C. Complete 
disruption of the iron cyanide complex also 
occurs when the solid salts react with sulphuric 
acid: with dilute acid HCN is produced, and 
with concentrated acid the product is carbon 
monoxide, derived from HCN by its hydrolysis 
to ammonia and formic acid, the latter being 
subsequently dehydrated. In the case of fern- 
cyanide, carbon dioxide also appears in the 
gaseous product, for the feme salt arising from 
the initial disruption of the femeyamde complex 
can oxidise some of the formic acid to carbon 
dioxide and water. 

rei-rocyanide and ferricyanide solutions are 
electrolytically dissociated into metallic kationa 
and iron cyanide complex anions As already 
stated, the complex anions are very stable and 
give rise to no iron kations in solution Under 
certain conditions, however, they are subject 
to a fission of one of the six cyanide groups, 
which is replaced by another group to form the 
complex pcntacyamdea. For instance, ferro 
cyanide solutions, on heating alone, on treating 
with acids, or by the action of light m the 
absence of acids, become alkaline and evolve 
HCN, forming aquopentacyamdes in solution. 
The reaction, which is characterised by a 
yellowing of the ferrocyanide solution, is lomcally 
represented as follows : 

Fe{CN),""+2HjO 

= [Fe(CN) s HjO]"'+OH' 4-HCN 
A similar reaction occurs, but more readily, 
with femeyamde solutions ; in the presence of 
nitric acid the seceding cyanide group may be 
replaced by NO to give mtrosopentacyamde 
{“ mtroprusside ”), and with carbon monoxide 
carbonylpentacyamde is produced. 

Ferrocyanides. 

Technical Methods or Fbepahation. 1. 
From A't trogenona Organic Matter . — The manu- 
facture of ferrocyanides from nitrogenous organic 
matter by the process which led to the discovery 
of Prussian blue, and which was almost the sole 
source of ferrocyanide and cyanide until 18G0, 
has now been entirely superseded and is only of 
historical interest. The forms of nitrogenous 
matter used wero dried blood, horn, hair, waste 
wool and feathers, or the animal charcoal 
obtained by their destructive distillation The 
material was fused with potassium carbonate 
and iron turnings in cast iron muffles or in rever- 
beratory furnaces, and the melt was leached with 
hot water to obtain an aqueous solution from 
which potassium ferrocyanide crystallised out 
The black insoluble residue from the leaching 
contained double sulphides of potassium and 
ferrous and feme iron, and various double 
siheates of potassium, calcium and aluminium 
The loss of potash in this residue appears to hc-e 
been 45-90% ‘of that usefully consumed. 

The efficiency of ferrocyanide recovery in the 
process, based on the nitrogen content of the 
organic raw material, was very low. On direct 
fusion of the organic matter with potash, not 
more than 20% of the ferrocyanide theoretically 
obtainable was actually recovered (Karmrodt, 
Wagners Jahrcsber. 1857, 3, 139). When the 


nitrogenous matter was first carbonised aJone 
about 80% of the nitrogen was lost in the 
escaping vapours as hydrocyanic acid, ammonia, 
and organic bases, and up to 57% of the nitrogen 
remaining in the charred mass was converted 
into ferrocyanide, corresponding to an overall 
yield of about 12%. 

Although the reactions proceed equally well 
when sodium carbonate is substituted under 
appropriate conditions for potassium carbonate, 
the relatively poor crystallising properties of 
Na 4 Fe(CN) 8 aq make the isolation of the solid 
salt more difficult. 

The probable mechanism of the ferrocyanide 
formation (Liebig, Annalen, 184], 38, 20) is 
that potassium cyanide is formed during the 
fusion by the action of potassium carbonate on 
the organic nitrogen compounds present in the 
charred material (see Kraemer, B.P. 16529 of 
1894, who describes the production of cyanide 
by heating carbazole to redness with caustic 
potash), together with iron sulphides produced 
from the sulphur containing bodies present 
in the organic material. Some iron sulphide 
mpy also be formed by reduction to sulphide of 
potassium sulphate present in the potash. For 
further details of the r6Ic of sulphur compounds 
in the fusion, the work of R. Hoffmann (Annalen, 
1 860, 1 13, 8 1) may be consulted. The potassium 
cyanide and ferrous Bulphide formed during the 
fusion react during the leaching to give potassium 
ferrocyanide . 

6KCN + FeS=K 4 Fe(CN)«+K,S 

2 From Coal Distillation Gates — Tho nitrogen 
content of bituminous coal vanes widely, 
generally increasing with the geological age of 
tho coal, but rarely exceeds 2% The two 
types of coal which are subjected to distillation 
in practice are gas coal and coking coal Gas 
coals generally contain from 1 to 2% of nitrogen, 
and nitrogen in various forms appears in all the 
products (coke, tar, gas liquor and gas) of 
distillation (Drehschmidt, J. fur Gasbclcuchtung, 
1904, 677 ; J. McLeod, JSCI 1907, 20, 137). 
The distnbution of the nitrogen between these 
products varies considerably, being influenced 
by the nature of the coal, its moisture content 
and the conditions under which the distillation 
is earned out. A general indication of tho 
nitrogen distribution in the distillation products 
is given by tho following collected data on tho 
distillation of small samples of dry coal • 


No 

Coal 

% of total N of the ioal In 

Coke 

NHj 

HCN 

| TW 1 

Aj Nj 

1 

Durham . 

48 7 

14 5 ^ 

1 6 

i 

352 

2 

Westphalia 

60 

12-14 

1 8 

1-5 

300 

3 

— 

48 

15 1 

2 



4 

Scottish . 

58 3 

17-1 

1-5 

39 

19 5 


1. Foster, J of Gas Lighting, 1882, 1081. 

2. Knublauch, J.S.C.I. 1896, 15, 106. 

3. Chief Inspector of Alkali Works, 43nl 
Report, 190G, 68. 

4. J. McLeod, J.SC.I. 1907, 26, 137; Alkali 
Works, 44th Report, 1007, 215. 
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The yields of HCN quoted above are lower 
than those actually produced in large-scale 
working, a partial explanation being probably 
to be found in the fact that the experiments were 
carried out in retorts of iron, a metal which 
favours the decomposition of HCN at the 
distillation temperatures. A study of the 
numerous results of Drehschmidt (J. fur 
Gasbeleuchtung, 1904, 47, 677 ; see also Bertels- 
mann, “Technologie der Cyanverbindungen,” 
Munich, ' 1906, p. 161) with English, West- 
phalian and Silesian coals does not disclose 
any connection between the nitrogen content of 
the coal and the distillation yield of HCN. 
On the other hand, as the water content of the 
coal (and the quantity of gas liquor obtained 
from it) increases, the yield of H C N decreases. 
This is due to the decomposition of HCN by 
steam at the distillation temperature into 
ammonia and carbon monoxide, 

hcn+h 2 o=nh 3 +co 

(Carpenter and Linder, J.S.C.I. 1905, 24, 63). 
Thus the effect of the presence of 12% of moist- 
ure in a coking coal is to reduce by approxi- 
mately one-third the amount of HCN present 
in coke oven gas as compared with town’s gas 
made from dry coal. 

As regards the effect of distillation conditions, 
increasing temperatures cause a transfer of 
nitrogen from the coke to the more volatile 
products, leading to an increase in the yields of 
ammonia, HCN and gaseous nitrogen. 
Ammonia may be regarded as a primary de- 
composition product of tho coal substance, and 
HCN as a secondary product formed by the 
interaction of ammonia with carbon : 

NHj-j-C ^ HCN+Hj. 

This reaction is endothermic in the direction of 
HCN-formation, which is therefore favoured 
by higher temperatures ' (see Hydrocyanic 
Acid, p. 499). The following table shows the 
variation with temperature of the yields of 
ammonia and HCN obtained by 0. Simmers- 
bach (J.S.C.I. 1915, 34, 895) with a Silesian 
coal containing 1-396% of nitrogen : 

Temp. (°C.) . . 600 800 1,000 1,200 

% of total nitrogen— 

as NH, . . . 7-81 21-28 23-15 22-84 

as HCN . . 0-25 0-87 1-23 1-42 

According to Bertelsmann (“Technologie der 
Cyanverbindungen,” p. 168) the size and nature 
of the carbonisation chamber influence the 
production of HCN, the large and porous 
chambers of coke ovens being disadvantageous 
by comparison with the smaller, relatively gas- 
tight retorts of the gas works. 

Tho gas leaving the distillation retorts 
contains ammonia, hydrogen sulphide, hydro- 
cyanic acid (2-2-5 g. per cu. m.) and tar, and is 
first passed through coolers and scrubbers, the 
primary purpose of which is the removal of the 
ammonia and tar. In practice, however, con- 
siderable quantities of hydrogen sulphide and 
up to one-third of the hydrocyanic acid (depend- 
ing on the amount of water used in the scrubbers) 
are also removed. This HCN appears as 
ammonium thiocyanate, and is ultimately 


diseharged in the effluent from the ammonia 
stills ; this effluent is sometimes worked 
up for thiocyanates, chiefly in England (Bertels- 
mann, op. cit. p. 180) via the cuprous and banum 
salts (see Thiocyanates, p. 508). The gas then 
passes to the iron oxide purifiers for complete 
removal of hydrogen sulphide, when 50-70% of 
the HCN is simultaneously taken up. This 
cyanide can be recovered by suitably treating the 
spent mass as described below (Dry Process). A 
more recent method of cyanide recovery from 
coal gas, giving greater efficiency, is the use of 
special cyanide washers, generally before the 
ammonia scrubbers (Wet Process). 

(o) Dry Process . — The gas purification mass 
consists either of precipitated ferric hydroxide 
mixed with sawdust to increase the porosity, or 
of natural iron ores. The first technically 
successful mass was introduced by Laming 
(B.P. 11944 of 1847), and was made by mixing 
ferrous sulphate with slaked lime and sawdust 
and oxidising the damp mass in air. The use of 
natural ores was introduced by Howitz in 1870. 
The mass absorbs hj'drogen sulphide from the 
gas, forming ferrous and ferric sulphides and 
elementary sulphur, and takes up HCN to form 
Prussian blue and ammonium thiocyanate. 
When saturated with respect to hydrogen 
sulphide, the mass is regenerated by dampening 
and exposing to air, the ferrous and ferric sul- 
phides being oxidised to ferric hydroxide 
and sulphur. With successive regenerations the 
sulphur and cyanide contents of the mass 
increase until it is no longer effective as a 
purifying agent. 

The air-dried “ spent oxide ” is a dirty green- 
ish, friable substance smelling strongly of 
ammonia and organic sulphur compounds, and 
generally containing up to 50% of free sulphur 
and 10-14% of Prussian blue, except that the 
blue content does not rise above 4% when a 
cyanide washer has been used. This latter 
material is not considered attractive as a 
source of ferrocyanide, the minimum content at 
which spent oxide is saleable for ferrocyanide 
recovery being about 7%. Ammonium thio- 
cyanate may be present in quantities varying 
from traces up to 10%. The ferrocyanide in 
spent oxide is formed from the ferrous hydroxide 
and ammonium cyanide, and is then converted 
into Prussian blue by interaction with the ferric 
iron. Ammonium thiocyanate is formed from 
hydrocyanic acid and ammonium polysulphide, 
the latter obviously arising from the presence of 
ammonia, hydrogen sulphide, and sulphur in 
the purifier ; the formation of thiocyanate is 
favoured by raising the temperature, as occurs 
if the mass is regenerated quickly. 

The different methods adopted for the treat- 
ment of the spent oxide are all variants of the 
following general procedure. The soluble 
ammonium salts (chiefly sulphate and thio- 
cyanate) are removed from the screened mass by 
systematic leaching with cold water for 14-24 
hours, and the residue is dried. At this stage 
the elementary sulphur may be removed by 
solvent extraction, for example, with carbon 
bisulphide. This step is technically advan- 
tageous, since it minimises the formation of 
unwanted thiocyanate at a later stage, but is 
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economically unsound owing to the fact that the 
sulphur recovered is contaminated with tar 
which can only be removed with great difficulty. 
The dry mass is then mixed in thin layers with 
the calculated amount of powdered slaked lime 
to decompose the Prussian blue content, tbe 
mixture warmed to drive off the last retained 
traces of ammonia, and then leached with 
water. An impure solution of calcium ferro- 
cyamdo is produced, from which the sodium or 
potassium salt may be obtained by decomposi- 
tion with the corresponding carbonate, filtering 
off tho precipitated calcium carbonate and 
crystallising the solution. On the other hand, 
a Prussian blue may be directly precipitated 
from the impure solution by acidifying with 
hydrochloric acid, removing the precipitate of 
sulphur thus formed, and adding ferrous or 
ferric salt solution, and the precipitated blue 
converted into potassium ferrocyamde by 
boding with caustic potash and evaporating the 
solution ; this lengthy and expensive process is 
now used only for ferrocyamde recovery from 
mother liquors and wash waters obtained in the 
process to be described below 
Two improved methods of working up the 
impure calcium ferrocyamde solution were 
described by Kunheim and Zimmcrmann 
(B P. 3342 of 1883), and are now generally used 
in the first, tho sparingly soluble double salt 
K 2 CaFe(CN) 4 is separated by tho addition to 
the hot, concentrated solution (at 80°C ) of the 
calculated amount of potassium chloride with 
constant stirring. The solid is filtered off and 
washed with a limited quantity of water , the 
filtrate and washings are worked up for potas- 
sium ferrocyamde tin Prussian blue by the 
method described abov e The crystalline double 
salt is treated with the calculated amount of 
potassium carbonate solution at the boiling- 
point, when calcium carbonate separates The 
clear potassium ferrocyamde solution is left to 
crystallise for 14 days, and gives directly a pure 
product. In addition to the purity of the 
product, this process has the advantage that 
one-half of the calcium replacement is achieved 
with the cheaper potassium chloride instead of 
potassium carbonate The second improved 
method makes use of the sparing solubility of the 
cal< ium ammonium double salt, in this case, 1 
sufficient ammonia is allowed to pass the 
ammonia scrubber in tbe gas purification to 
ensure that the double Balt Ca(NH 4 ) 2 Fe(CN) 6 
is precipitated from the leaching solution on 
neutralising with hydrochloric acid. This salt 
is then decomposed with lime to give a pure 
calcium ferrocyamde solution, which is filtered 
and treated by the KCI-K 2 CO s process 
already described. Tho product is very pure. 

(6) IF et Process — The wet process of cyanide 
removal first came into successful practical 
operation in 1895, and is now an important 
source of ferrocyamde*. It has several advan- 
tages over tho dry process. The absorption 
of HCN in purifier boxes is an involuntary 
adjunct to the main purpose of sulphur removal, 
and the removal of HCN is not complete. 
The cyanide scrubber, on the other band, 
provides a controlled method of cyanide removal 
which works at an efficiency of nearly 100%; 


and the recovery of ferrocyanide from “ cyanide 
mud ” is considerably easier than from spent 
oxide. It is also stated that the working 
efficiency of oxide boxes for H,S removal is 
greater with gas which has already passed 
through a cyanide washer, and that the spent 
oxide produced from such a gas is more suitable 
for sulphuric acid manufacture (Drory, J. f Ur 
Gasbeleuchtung, 1903, 46, 143). 

The first practical absorbent to bo proposed 
was a suspension of ferrous hydrotido m an 
alkali carbonate solution (Knublauch, B P 
15164 of 1837, Ber. 1888, 21, 208), but the 
process did not meet with commercial success, 
h'oulis (B.P. 9474 of 1892) substituted for ferrous 
hydroxide in the slurry a partially oxidised 
basic ferrous carbonate, the reagent being made 
by precipitating a ferrous salt solution with 
sodium carbonate, washing the precipitate and 
suspending it in sodium carbonate solution. This 
w ashing medium lias achieved commercial success 
when used in a rotary washer designed to handle 
slurries (Foubs and Holmes, B.P. 15168 of 
1895). When the cyanide washer is placed after 
the ammonia scrubber, the Absorbed cyanide 
appears in tho form of soluble sodium ferro- 
cyanide, which is recovered by evaporating the 
solution after filtering off tho suspended solids 
A modified method of operation, practised at the 
Hague gas works, was described by Rutten 
(J. of Gas Lighting, 1902, 80, 875) and by 
Jonssen and ltutten (J. fur Gasbeleuchtung, 
1903, 46 , 716) . the crude gas, after tar separa- 
tion, is passed through the cyanide washer before 
going to the ammonia scrubber, and a 20% 
increase in the cyanide recovery results, both 
soluble and insoluble ferroeyamdes being 
formed. The saturated liquor from the washer, 
containing Prussian blue, potassium and 
ammonium ferrous ferroeyamdes m suspension, 
and ammonia and potassium ferroeyamdes in 
solution, is filter-pressed, and the filtered solution 
distilled to separate ammonia and then evapo- 
rated m taeuo to crystallisation The press- 
cake is boiled with caustic potash and the 
ammonia collected, the iron oxide being 
returned to the cyanide washer and tho solution 
of ferrocyamdo proceeding to tho evaporation 
plant. 

The ammonia present m the gas may itself 
be used as the alkali and tho crude gas bo 
simply washed with a ferrous sulphate solution. 
In this case, ammonia and hydrogen sulphide 
present in the gas give ammonium sulphide, 
so that the wash liquor is quickly converted into 
a suspension of ferrous sulphide in ammonium 
sulphate solution; the ferrous sulphido sub- 
sequently reacts with ammonium cyanide in 
solution. Earlier processes of this kind (Row- 
land, B P. 22347 of 1891 ; Lewis and Cnpp», 
B.P. 20883 of 1896; Schroder, BP. 19849 of 
1898; Tcichmann, BP. 12485 of 1899) used 
dilute ferrous salt solutions so that ammonia was 
always present in excess, with tho object of 
obtaining ferrocyamde wholly in tho soluble 
form. Bueb, on the other hand (B.P. 9075 
of 1898), almost completely avoids the formation 
of soluble salts by using a saturated ferrous 
sulphate solution, maintaining ferrous iron 
ia permanent excess in the solution and pro* 



ducing ferrocyanide in the insoluble form. 
This process is widely used, and is said to 
absorb 98% of the hydrocyanic acid in the 
gas to give a mud containing the equivalent of 
18-20% of K 4 Fe(CN) 6 (Bueb, J. fur Gas- 
beleucbtung, 1900, 43, 747). The mud is treated 
with some ferrous sulphate solution to convert 
small quantities of soluble ammonium ferro- 
cyanide into insoluble ferrocyanide, and then 
with steam to remove ammonia. It is then 
dried in filter presses and the cake, containing 
the equivalent of 40% of K 4 Fe(CN) n , is con- 
verted into calcium ferrocyanide solution by 
boiling with milk of lime. The clarified solution 
is then converted into potassium ferrocyanide 
by the method of Kunheim and Zimmermann 
already described. 

The mechanism of ferrocyanide formation in 
the wet absorption of cyanide from coal gas, and 
an explanation of the effect of the variation of 
the conditions on the form in which the product 
appears, have been given by Feld (J. fur Gas- 
beleuchtung,. 1904, 47, 132). He considers that 
the basic reaction is between ammonium cyanide 
and ferrous sulphide, formed in the way 
previously explained. If ferrous sulphide is 
present in excess, insoluble ferrous ferro- 
cyanide is the main product ; under more 
balanced conditions, insoluble ammonium 
ferrous ferrocyanide is formed in increasing 
quantities, and when there is a deficiency of 
ferrous sulphide, the soluble ammonium ferro- 
cyanide is produced. 

, 3. From Thiocyanates . — Many processes have 
been described for the conversion of thio- 
cyanates, which are formed in various methods 
of cyanide synthesis and in gas purification, 
into the more valuable ferrocyanides. The 
processes consist essentially in a desulpliurisa- 
tion with metallic iron, and may be carried out 
with the molten salts or their solutions. 
Alexander (J. fur Gasbeleuchtung, 1878, 21, 20) 
described a method in which ammonium thio- 
cyanate, potassium carbonate, carbon, and 
iron filings are rubbed to a paste with oil and 
heated in a closed iron vessel to red heat. The 
reaction product is leached with an aqueous 
suspension of freshly precipitated ferrous 
hydroxide, and the filtrate evaporated to 
crystallisation. Tscherniac and Gunzburg (B.P. 
1261 of 1881, see also 1148 of 1878 and 1359 of 
1879) and Hetherington and Jluspratt (B.P. 5830 
of 1894) used a 20-30% excess of reduced iron 
and molten potassium thiocyanate which had 
been dried at 30Q C., the reaction temperature 
being 445°C. Crowther, Rossiter, Hood and 
Albright (B.P. 8305 of 1894) recommend drying 
the thiocyanate in a stream of nitrogen or carbon 
dioxide. In laboratory experiments on Hether- 
ington’s method, Conroy (J.S.C.I. 1896, 15, 12) 
obtained a 77% conversion of thiocyanate to 
ferrocyanide. The mechanism of the reaction is 
analogous to that of ferrocyanide formation 
from nitrogenous organic matter, viz. cyanide 
and ferrous sulphide are formed during the 
fusion, and react to give ferrocyanide during the 
leaching. 

The desulphurisation may be carried out in 
solution by the method of Sternberg (G.P. 
32892 of 1882), by heating a solution of potas- 
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sium thiocyanate with twice the theoretical 
weight of iron filings necessary for sulphide 
formation and twice the theoretical weight of 
ferrous hydroxide necessary for ferrocyanide 
formation, at 110-120°C. under pressure. In 
12 hours a conversion of 80% is obtained. 
Conroy (J.S.C.I. 1898, 17, 98) used a mixture of 
calcium thiocyanate and ferrous chloride and 
iron in water at 140-150°C. to increase the rate 
of reaction : 

Ca(CNS),+ 2Fe+FeCI 2 

=CaCl 2 +Fe(CN) 2 +2FeS 

The mud is treated with hydrochloric acid to 
dissolve ferrous sulphide, and the ferrous ferro- 
cyanide boiled with alkali to form soluble ferro- 
cyanide. 

Copper (Bower, B.P. 361 of 1896) or nitric 
acid may be used as desulphurising agents (see 
Hydrocyanic Acid, p. 492). 

4. From Cyanides . — The fact that the con- 
version of synthetic cyanides into ferrocyanides 
is becoming a technical process displacing the 
recovery of by-product ferrocyanide at gas 
works, especially in the United States, indicates 
the change in the relative economy of cyanides 
and ferrocyanides which was caused by the intro- 
duction of cyanide synthesis processes from 
ammonia and from nitrogen. The technical 
conversion of cyanide to ferrocyanide is brought 
about by the action of cyanide solution on 
iron, iron sulphide or ferrous salt. The chief 
source of cyanide for this purpose is the crude 
calcium cyanide (analysing 45% Ca(CN) 2 , 
32% NaCI) obtained on fusing technical calcium 
cyanamide with sodium chloride (see Alkaline 
Earth Cyanides, p. 488). This is dissolved in 
water and treated with the calculated amount of 
ferrous sulphate to satisfy the requirements of 
the reaction equation 

3Ca(CN) 2 + FeS0 4 =CaS0 4 +Ca 2 Fe(CN) 6 , 

and with slightly less than the amount of 
sodium carbonate equivalent to the ferro- 
cyanide produced : 

Ca 2 Fe(CN) 6 +2Na 2 0O 3 

= Na 4 Fe(CN) 6 +2CaC0 3 . 

The sodium ferrocyanide in solution is separated 
from the sodium chloride by crystallisation' 
(Washburn, U.S.P. 1398453, 1921 ; Rugh, 
U.S.P. 1650390, 1927). 

The American Cyanamid Co. (U.S.P. 1667839, 
1928) proposes to make the slightly soluble 
calcium potassium ferrocyanide by a similar 
reaction after addition of potassium chloride. 
The straightforward interaction of sodium 
cyanide (the commonest synthetic cyanide) 
with ferrous Sulphate presents some difficulty 
in the separation of the two soluble products, 
sodium ferrocyanide and sodium sulphate. 
According to Dominik (see Chem. Zentr. 1923, 
IV, 494), the solubility relations are such that 
sodium sulphate is retained in solution on 
evaporation above 32°C. For the conversion of 
sodium ferrocyanide into the potassium salt, 
which is sometimes required, it is necessary to 
add to the hot solution a considerable excess of 
potassium chloride and to cool to crystallisation 
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(Conroy, JS.C.I. 1808, 17. 9S; Petri, G.P. 
*212008, 1909). 

Instead of using calcium cyanide made from 
cyanamule, the Strontian- und Potasche- 
Fabnk (G P. 330194, 1920) describe a method 
of converting cyananude directly into ferro- 
cy anule by heating it to redness w ith potassium 
carbonate and iron shavings w the absence of air 

Properties op the Ferkocyanides. — In this 
section tho principal characteristics are described 
of those salts which possess technical interest. 
For further information, ** Cyanogen Com- 
pounds" by II. E Williams (1915) or an 
“ Inorganic Chemistry " e g. Mellor’s should be 
consulted. 

Ammonium ferrocyanide is prepared in 
aqueous solution from tho free acid and 
ammonia, from barium ferro cyanide and 
ammonium sulphate, or from lead ferro cyanide 
and ammonium carbonate. The solid salt, 
(NH,) 4 Fe(CN) 4 ,3HjO. is obtained by evapo 
rating tho solution in uicuo (Briggs, J.C S 
1911, 99, 1019), or by precipitation with 
alcohol (Cummtng and Good, J.CS. 1920, 129, 
1924). I he salt crystallises with difficulty in 
very pale yellow plates, isomorphous with 
tho potassium salt (Bunsen, Pogg Ann 1835, 
36. 401) When (NH 4 ) 4 Fe(CN) 4 is heated »n 
tacuo, decomposition begins at 110 o C., NH 4 CN 
being evohed (Mittasch, Kuss and Eracrt, 
Z anorg Chtra 1928, 170, 193); at 320°C , 
'* Fe(CN) 2 ” remains behind, which begins to 
evolve nitrogen at 430°C ; and at 700°C a 
mixture of iron, iron carbido and nitride 
remains When the heating is earned out in an 
atmosphere of hydrogen, methane and ammonia 
ore formed and the residue is pure iron. The 
aqueous solution decomposes on boibng to 
give ammonium cyanide and an insoluble residue 
possibly consisting of partly oxidised ammonium 
ferrous ferro* yanidc 

From solutions containing much ammonium 
< blonde a double salt, 

(NH 4 ) 4 Fe(CN) ( 2NH 4 CI,3H 2 0, 
crystallises readily in well formed orange 
yellow rhomboheutn, which were formcily 
mistaken for the ammonium salt (Bunsen, l c ). 

Barium ferrocyanide, Ba 2 Fe(CN)„,6H 2 0, 
•js pm.'ijHtuWi un nerving strung inflations elf 
barium chloride and sodium ferrocyanide 
lEwan and Napier, J 8 C I 1913, 32, 467) ns a 
light yellow, crystalline powder. Tho prepara- 
tion of pure barium salt from K.Fe(CN) 4 is 
difficult, as the product generally contains 
potassium; \l alker (J. Aroer Chem. Soc. 893, 
17, 927) av oidrd the difficulty by first making the 
dimethylanihne salt and decomposing this with 
’barium hydroxide, extracting tho liberated 
dimethyliniline with ether. The dried salt, 
licatcd in lacuo or in nitrogen, begins to 
decompose at about 500°C., giving nitrogen, 
carbon, iron, and barium cyanide and ey annmidc 
IVhm oxygen is completely excluded, the 
molecular ratio of ey anaraide to cyanide m the 
product is 2:1 (Ewan and Napier, lc.) The 
solubility of the salt in water, expressed as g. of 
anhydrous salt in 100 g. of water, is 0 34 at 
15 and 1 01 at 100°C. More than C 
moUcnles of water of crystallisation arc reh 


tivcly easily remov ed by heating to S0 6 C. for a 
few hours, but the remainder is not completely 
given up, even at 180°G (Ewan and Napier, 1 c ). 
Barium potassium ferrocyanide, 
BaK 2 [Fe{CN) 4 j,3H 2 0 or 6H 2 0, 
is precipitated as a pale yellow, crystalline 
powder on mixing equivalent quantities of dilute 
solutions of barium chlorulo and potassium 
ferrocyanide. The crystals effloresce readily, 
a property^which accounts for tho uncertainty m 
to the amount of water of crystallisation The 
solubility in water (g of anhydrous salt in 100 g 
of water) is 2 1 at 15 5°C and G 08 at 100°C. 
Calcium ferrocyanide, 

Ca 2 Fe{CN) 8 ,11 H s O, 

is made by treating Prussian blue with milk of 
lime, neutralising liydroferrocyanic acid with 
calcium carbonate, or from potassium ferro 
cyanide via the dimethylanihne salt (see Barium 
Ferrocyanide, above) Tho crystals were 
formerly believed to contain 12HjO, but more 
recent work (Berkeley, Hartley and Burton, 
Phil Trans. 1909, 209, (A), 177; Cumimng, 
JCS 1921, 125, 240, Tarrow, t bid. 192b, 
129, 49, 1927, 1163) favours UH 2 0. The 
salt is extremely solublo m water (c/. tho 
barium salt), giving viscous solutions at high 
concentrations. The crystals effloiesce and lose 
all but \ molecule of water at 40°C. 
Cumming (I c ) detected some hydrolysis to give 
a compound CajFe 2 (CN) a OH on heating at 
100°C in a current of oxygen-free gas. At 
500°C in the absence of oxygen, Pmcass 
(Chem -Ztg 1922, 46, C61) observed a decom 
position to give calnura eyanamido . 

Ca 2 Fe(CN) 4 «2CaCNj+Fe+N 2 +4C 
Calcium ammonium ferrocyanide, 
Ca(NH 4 )jFe(CN) 4 , 

may be prepared from calcium chloride and 
ammonium ferrocyanide solutions, and forms o 
white, minutely crystalline powder, containing 
no water of crystallisation, which becomes 
coloured on exposure to light. 100 g of water 
ut 1G-I7°C dissolve 0 258 g of the salt (J. 

. Camip.lipJl Etoio, -IfiS.- 1007, 0t> 182% The 
insolubility of the salt is used m separating 
ferrocyanide from gas purification mass. 
Calcium potassium ferrocyanide, 
CaK 2 Fe(CN) 4 , 

is made from calcium chloride and potassium 
ferrocyanide solutions, forming a white powder 
of small quadratic prisms which aro anhydrous 
and discolour slightly on exposure to light. At 
15-17°C tho solubility is 0 41 g. per 100 g of 
water (J Campbell Brown, ( c ), 

Cupric ferrocyanide, Cu 2 Fe(CN) 4 nq , 
can be prepared either from cupric salt and 
ferrooaiuJo, or from cuprous salt and ftrri- 
cyanide, foe the ionic oxidation reduction 
equilibrium 

Cu + + +Fe(CN) g "" ?=s Cu + +Fe(CN) 4 '" 
is almost completely to the left (Slliller, IVcgehn 
and KelJcrhoir, J. pr. Chem. 1912, [n]» »-) 
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The usual method of preparation is by the 
addition of a solution of calcium ferrocyanide or 
hydroferrocyanic acid to an excess of cupric 
chloride, and the product is a red-brown, 
amorphous substance containing varying 
amounts of water. It is very slightly soluble in 
water and dilute acids, but can be brought into 
colloidal solution by means of peptising agents, 
particularly through the agency of ferrocyanide 
ions adsorbed from solutions. The brown 
precipitate formed when cupric salts react with 
potassium ferrocyanide (Hatchett’s brown, 
formerly used as a pigment) always contains 
potassium, even when cupric copper is present in 
excess, and this may be explained either by 
adsorption of K 4 Fe(CN) 0 by the solid 
Cu 2 Fe(CN) 6 (Luckow, Chem.-Ztg. 1892, 16, 
164, 836, 1428 ; Duclaux, Compt. rend. 1904, 
138, 144, 571) or by the formation of a double 
salt (c.g. CuK 2 [Fe(CN) s ],2H 2 0, Reihlen and 
Zimmermann, Annalen, 1927, 451, 75). Colloidal 
membranes of copper ferrocyanides have been 
used extensively in the study of osmosis, and 
copper ferrocyanide finds application in photo- 
graphy for toning : the black deposit of 
silver in a bromide print is converted into a 
red one, consisting of copper ferrocyanide, by 
immersion in a solution of copper sulphate, 
potassium ferricyanide, and potassium citrate 
(Ferguson, Phot. J. 1900, 133). 

Reihlen and Zimmermann (Annalen, 1927, 
451, 75). regard cupric . ferrocyanide as the 
copper salt of a complex anion containing both 
copper and iron ; for on boiling witli milk of lime 
it gives brown crystals of Ca[CuFe(CN) 6 ], 
and with dilute ammonia it gives the salt 
[Cu(NH 2 ) 4 ][CuFe(CN) 6 ]H 2 0; such reactions 
indicate that one-half of tho copper in cupric 
ferrocyanide is in tho complex ion. 

Cuprous ferrocyanide is not known in the 
simple form, but the existence of the double salts 
KCu 3 Fe(CN) G and K 2 Cu 2 Fe(CN)„ has been 
indicated by Muller, Wegelin and Ifellerhoff 
(J. pr. Chem. 1912, [ii], 86, 82), using the 
method of indirect analysis described later. 
Messner (Z. anorg. Chem. 1895, 8, 368) describes 
the preparation of K 2 Cu 2 Fe(CN) G by theaction 
of cuprous cyanide or cuprous chloride, in the 
presence of potassium sulphite to prevent oxida- 
tion, on potassium ferrocyanide solution, the 
mixture being quickly cooled to obtain the 
douolo salt in the form of colourless plates. 
It appears likely that, in the above double salts, 
the copper is part of the complex ion (Reihlen 
and Zimmermann, Annalen, 1927, 451, 75). 
The cuprous ferrocyanide compounds differ 
from other ferrocyanides in evolving the whole 
of their cyanogen as hydrocyanic acid on 
boiling with dilute sulphuric acid ( see Dewrance 
and Williams, B.P. 28074 of 1908). 

Hydroferrocyanic acid, H 4 Fe(CN) 6 , may 
he prepared by the decomposition of a suspension 
of the lead salt with sulphuric acid and evapora- 
tion of the filtrate, or by treating a concentrated 
solution of potassium ferrocyanide with excess 
of concentrated hydrochloric acid, preferably 
with addition of ether (see, for example, Mittasch 
and ICuss, Z. Elektrochem. 1928, 34, 159). 
Tho acid crystallises in colourless scales which are 
washed with water saturated with ether, and 


dried over sulphuric acid. It may be purified 
by dissolving in alcohol and precipitating with 
ether ; it obstinately retains ether, with which it 
forms a compound (see, for example, Cumming 
and Brown, J.S.C.I. 1928, 47, 84T), and must be 
heated to 100°C. in a stream of dry hydrogen to 
free it completely (Browning, J.G.S. 1900, 
77, 1234). Heated in the absence of oxygen, the 
acid begins to decompose at 150°C. into HCN 
and “ Fe(CN) 2 .” The solubility of the acid 
in water at 14°C. is 13 g. per 100 g. of solution. 
The solution is readily oxidised by air at higher 
temperatures, forming a blue substance which is 
assumed to he Prussian blue; this reaction is 
used in calico printing for the production of blue 
patterns. 

Ferrous ammonium ferrocyanide, 
Fe(NH 4 ) 2 [Fe(CN) 6 ], 

is formed when ammonium ferrocyanide 
solution is exactly precipitated by a ferrous Balt 
in the presence of an excess of an ammonium 
salt, oxygen being excluded. It is also formed 
when ammonium ferrocyanide is distilled with 
an acid in the absence of air. 

Ferrous potassium ferrocyanide, 
K 2 Fe[Fe(CN) 6 ], 

(Everitt's salt) is produced by heating saturated 
potassium ferrocyanide solution for 40 hours at 
90°C. with an equal volume of 20% sulphuric 
acid, washing and drying the residue with 
exclusion of air (Hofmann, Heine and Hochtlen, 
Annalen, 1904, 337, 1). The pale yellow product 
is not oxidised by air, and is therefore different 
from the isomeric salt obtained when solutions of 
potassium ferrocyanide and ferrous chloride are 
mixed (Hofmann, l.c.). For this reason Reihlen 
and Zimmermann (Annalen, 1927, 451, 75) 
formulate it as K 2 [Fe3^(CN) G ]. 

Iron cyanide blue compounds. — The blue 
compounds of iron and cyanogen may be pre- 
pared by the interaction of ferric salts with 
ferrocyanides, or of ferrous salts with ferri- 
cyanides, in neutral or acid solution. The 
constitution of these compounds is discussed in 
greater detail on p. 473, but it may be stated 
here that they arc believed to be ferric ferro- 
cyanides. Miiller has shown that the com- 
position of the unwashed precipitate initially 
formed depends on the relative quantities of 
reagents employed (Chem.-Ztg. 1914, 38, 281, 
328). Starting from potassium ferrocyanide 
and ferric chloride, Prussian blue is precipitated 
when the molar ratio K 4 Fe(CN) 6 /FeCl 3 is 
less than 0-75 ; for values between 0-75 and 
0-92 the precipitate contains increasing quantities 
of KFe m [Fe II (CN) 6 l, and when the ratio 
exceeds 092 the substance K 2 Fe n [Fe II (CN) 6 ] 
is also present. Starting from potassium ferri- 
cyanide and ferrous chloride, a precipitate of the 
composition KFe^Fejn^Fe^CN)^ is ob- 
tained when the molar ratio K 3 Fe(CN) G /FeCI 2 
is less than 0-714; between 0-714 and 0-75 
a substance KFe n Fe 3 UI [Fe 1I (CN) 6 ] 3 is formed, 
which Muller regards as ordinary Turnbull’s 
blue; from 0-75 to 0-9 increasing quantities of 
KFe m [Fe 1I (CN) 6 ] are present, and finally, 
when the ratio exceeds 0-9 ordinary Prussian 
blue, Fe 4 m [Fe n (CN) c l 3 , appears. 
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Bias compounds are also obtained by the 
oxidation of ferrous ferrocyanide, and by the 
reduction of ferric ferncyamde. All the blue 
compounds are amorphous substances contain- 
ing indefinite quantities of water, some of which 
is so tenaciously retained as to bo regarded as 
u ater of constitution. Their colour depends on 
the composition, water content, and particle 
sire, and vanes from puro blue to deep violet 
blue, a coppery metallic surface reflection being 
sometimes also present They do not form true 
solutions m water. The so called “ soluble 
blues" guc deep blue colloidal solutions with 
puro water, from which they can be precipitated 
by the methods normally effective with colloidal 
solutions. '* Insoluble blues ” are not peptised 
in pure water, but only in oxalic acid solution, 
and sometimes in acid or neutral oxalates and 
tartrates 

The blue compounds arc quite stable towards 
dilute acids Concentrated hydrochloric and 
sulphuric acids dissolve them with decom- 
position, giving ferrous or ferric salt and hydro* 
ferro- or m drofern cyanic acid, the blue may 
bo re formed on diluting the solution They are 
coagulated by alcohol Alkalis, or salts with an 
alkaline reaction, decompose them to give iron 
hydroxide and ferrocyanide, the rate of decom 
position varying with tho different compounds 
and providing a method of distinguishing them 
Colloidal solutions of Prussian blue (0 2 to 2%) 
are negatively charged, the blue being coagulated 
by kations, especially hydrogen ion 

Tho characterisation of different blues by 
analysis is difficult. Simple analytical methods 
are useless because the colloidal nature of the 
blues gives them the property of strongly 
adsorbing dissolved salts from solution, and 
renders the usual methods of purification 
generally impracticable In addition, some blue 
compounds, which contain ferrous iron outside 
the complex radicle, are easily oxidised by 
atmospheric oxygen, bo that changes of com 
position mav occur during the manipulation 
of the original product, unless special pro 
cautions are taken For this reason, the indirect 
method of analysis, by which the composition 
of a precipitate is determined by mixing known 
quantities of the reagents and estimating the 
it.ccto, Vs#. »,•?. tb/s, way/Kv/sAv?.*. lnwa/i, ha& btftv. 
used by AIQUer and Jus school (Muller and 
Staniscn. J, pr. Chem. 1909, [n], 79, 81 ; 
1909, [u], 80, 153 ; Muller, Wegelin. Treadwell 
and Diefentbaler, ibid 1911, [ii], 84, 353 ; Muller, 
i bid. 1914, [u], 90, 119) and by Woringer 
(ibid. 1913, [n], 87, 51), although the objection 
still holds that the precipitate is not a pure 
substance on account of adsorption. 

A descnptlon will now be given of the more 
important types of blue compounds, the data 
referring in each caso to the solids obtained 
after exhaustive drying of the original precipi- 
tates with phosphorus pentoxide. Our know- 
ledge of these compounds is largely based on the 
work of Hofmann and his collaborators (Hof- 
mann, Heme and Hochtlen, Annalen, 1904, 337, 

1 ; Hofmann and Reseoscheck, ibid. 1905, 340, 
207; 1005, 342, 354; Hofmann, Amoldi and 
Hiendliuaier. ibid. 1907, 352, 54). The blue 
compounds are now formulated either as salts of I 


bydroferrocyanic acid, H t [Fe n (CN) e ], or as 
salts of a bydro-ferro ferricyamc acid, 
H[Fe n Fe ni (CN) e ] 

(tee Constitution of the Blue Compound, 
p. 473), and in the following section the forinuh 
for both systems are quoted. 

Soluble Prussian blue, 

K F e ,n [ F e 11 ( CN)*]aq or 
K[ F e tl F e lH (C N ),]aq , 
formed when cold neutral solutions of potai 
um ferrocyanide and feme chloride are mixed, 
the ferrocyanide being m excess ; the precipitate 
is washed with aqueous alcohol to free it from 
electrolyte, and dried t n incuo over sulphunc 
acid or phosphorus pentoxide The same 
substance is also formed by adding cold neutral 
ferrous salt to an excess of potassium fern 
cyanide solution, and similarly treattng the 
precipitate (Shraup, Annalen, 1877, 186, 371, 
Hofmann, Heino and Hochtlen, Annalen, 1901, 
337, 1) The water content of the dried sub- 
stance is variously reported as up to 4H f O. 
of which 2 molecules cannot bo removed 
without decomposition, and are therefore 
regarded as constitutional The substance is 
soluble in water, giving a colloidal solution 
which is coagulated by adding strong electrolytes 
or acids, and by alcohol. It is also soluble m 
oxalic and solution 

Substanics of similar composition and but 
slightly different properties arc obtained by 
treating ferrous sulphate solution with potassium 
ferrocyanide, and oxidising Die white ferrous 
ferrocyanide produced, cither with atmospheric 
oxygen or with hy drogen peroxide When this 
is done in neutral solution, the product, 
KFe«»[Fe«<CN),3,H,0, 
is soluble in water, but not m oxalic acid solu- 
tion and is immediately decomposed by ammonia 
solution (Hofmann) When the preparation u 
carried out in the presence of 1% of sulphunc 
acid, on the other hand, it yields an isomeric 
blue compound which is soluble in water and in 
oxalic acid solution, but is more stablo toward* 
ammonia solution, requiring 6-7 minutes for tbe 
precipitation of feme hydroxide. 

A vd/iMo, k)iut vtnt&enintfi VMtttimmttk vm&ua 
of potassium (Monthier'a blue) can bo obtained 
by oxidising ferrous ammonium ferrocyanide 
with air or hydrogen peroxide. 

Insoluble Prussian blue, 

Fe« In [F e n (CN) g ] s aq or 
Fe m [Fe n Fe UI (C N),],aq , 
can be mado by decomposing cold neutral or 
slightly acid potassium ferrocyanide solution 
with excess of ferric salt, washing tbe pre 
eipitato with dilute hydrochloric acid and drying 
it in vocuo. It is also produced from soluble 
Prussian blue by digesting with feme chloride 
solution : 

3K[Fe«Fein(CN),]+FeCl t 

’=Fe ,u [Fe u Fe ia (CN),],+3KCI; 
by oxidising ferrous ferrocyanide in the presence 
of excess ferrous salt; and by oxidising insoluble 
Turnbull’s blue, a compound containing ferrous 
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iron outside the complex radicle (see below) 
(Muller, Chem.-Ztg. 1914, 38, 281, 328). The 
water content of the product varies considerably 
according to the treatment during preparation, 
but after long drying in vacuo over phosphorus 
pentoxide reaches a lower limit of 10-11 H 2 0 
(Hofmann, Heine and Hoehtlen, Annalen, 
1904, 337, 1). Further dehydration by heating 
above 150°C. is accompanied by decomposition. 
Insoluble Prussian blue does not give colloidal 
solutions with pure water, but only with oxalic 
acid, oxalate and tartrate solutions. 

Oxidising agents such as chlorine and nitric 
acid frequently give rise to green solutions and 
green precipitates (“ Prussian green ”), which 
are believed to be complex mixtures inter- 
mediate in composition between ferric ferro- 
cyanide and ferric ferricyanide. 

' Insoluble Turnbull's blue, 

Fe n Fe 2 ln rFe II (CN) ( ,] 2 aq. or 

Fe II [Fei I Feiu(CN) 6 ] 2 aq., 

is produced by precipitating a solution of 
potassium ferricyanide with excess of ferrous 
salt, or by treating soluble Prussian blue with 
ferrous salt : 

2K[Fe II Fe III (CN)„l+FeCI 2 

= Fe u [Fe n Fe UI (CN) 6 ] 2 +2KCI. 

It is formed by the reduction of insoluble 
Prussian blue with ferrous ion or sulphite 
(Muller, J. pr. Chern. 1914, [ii], 90, 119). The 
water content of Turnbull’s blue is variously 
reported. The blue is colloidally soluble in oxalic 
acid solution, but not in water. Moderate 
oxidation, or reaction with ferric salts, gives 
insoluble Prussian blue : 

3Fe II [Fe n Fe III (CN) 6 ] 2 -t-2FeCI- 

— 2Fe rlr [Fe w Fe ni (CN) 6 ] 3 +3FeCI 2 

Williamson's blue or violet, 

KFeni[F e n(CN) 6 ],H 2 0, 

is obtained by the oxidation of Everitt’s salt, 
K ? Fe ir [Fe n (CN) c ] with warm dilute nitric 
acid, or with an excess of hydrogen peroxide 
in the presence of dilute sulphuric acid (Hof- 
mann, Heine and Hoehtlen, Annalen, 1904, 
337, 1). It is a violet-blue substance, not 
peptisable in water or in oxalic acid solution, 
giving only a greenish-blue turbid suspension 
with water. It is relatively unreactive, giving 
ferric hydroxide with 4% ammonia solution, for 
instance, only after some hours. It is thus 
entirely different from the isomeric blues 
obtained by oxidising ferrous forrocyanide (see 
Soluble Prussian Blue, above). It is a 
general rule that the precipitation of blues from 
hot acid solutions tends to produce substances 
of a more stable type, approaching Wilb'amson’s 
blue in properties. 

Commercial blues are usually mixtures of 
the compounds already described, and appear 
in commerce under such names as Paris blue 
bronze blue and steel blue (mostly containing 
potassium, and of superior properties), Prussian 
blue and mineral blue (less valuable products 
consisting of mixtures), and gas blue or Mon- 
thier's blue (containing ammonia). Of the three 
methods of manufacture, the reaction of ferrous 


salts with ferric 3 'anide (formation of Turnbull’s 
blue) has been discontinued, and the reaction of 
ferric salts with ferrocyanide (formation of 
Prussian blue) is rarely practised. The best 
blues are made by precipitating a ferrous salt 
with potassium ferrocyanide and then oxidising 
the precipitate (Gentele, “LehrbuchderFarben- 
fabrikation,” 1906). Paris blue, the finest quality 
of commercial Prussian blue, may be made by 
mixing 45 kg. of FeS0 4 ,7H 2 0 (a slight 
excess), dissolved with exclusion of air in 250 
kg. of water, with 50 kg. of K 4 Fe(CN) 6 
dissolved in the same quantity of water, and 
running the mixture into a further quantity of 
250 kg. of water. The precipitate is washed 
and filtered off to be oxidised by suspending it 
in water, dilute sulphuric acid or ferrous sulphate 
solution and treating it with nitric acid of sp.gr. 
1-23, ferric chloride solution (not in excess), 
chlorine, or potassium chlorate solution. The 
precipitate of Prussian blue is then washed with 
water until free from sulphate or chloride, 
filtered and air-dried at 30-40°C. Chlorate is 
now said to be the preferred oxidising agent 
(Itzkovich and Shmul’yan, see Amer. Chem. 
Abstr. 1934, 28, 3997). 

Paris blue contains potassium ferric ferro- 
cyanide, and the presence of the potassium leads 
to an enhancement of the properties of the blue. 
If sodium is present instead (by making the 
preparation from sodium ferrocyanide) a less 
satisfactory colour is produced. Eibner and 
Gerstacker (J.S.C.I. 1912, 31, 1041) measured 
the potassium and water contents of a 
number of blues : steel blue and bronze blue 
contained 12% K and 6-5% H 2 0, Paris blue 
9% K and 10-5% H„0, commercial Prussian 
blue 1-5% K and 24% H e O. The rise of water 
content as the potassium content falls is marked, 
and may be explained as an effect of the electro- 
lyte (potassium ion) in “ salting out ” the colloid 
and reducing the water absorption. 

In commercial pigments, Paris blue is diluted 
with finely ground starch, heavy spar, gypsum, 
zinc white or burnt kaolin, and the mixture 
milled. Blues of very low quality are faced by 
rotating the dry cubes in a cask with a fine dust 
of pure Paris blue. 

Constitution of the Blue Compounds. — It 
is certain that all forms of blue contain both 
Fe 11 and Fe IU , since ferrous ferrocyanide is 
white, and ferric ferricyanide is brown and 
soluble. Muller and Stanisch (J. pr. Chem. 
1909, |ii], 79, 81) and Muller (Chem.-Ztg. 1914, 
38, 281, 328) calculated from the known normal 
potentials of the ionic reactions : 

Fe++^ Fe++++© 
and Fe(CN) 6 '"+©^Fe(CN) 6 "", 
that the equilibrium constant of the reaction 
Fe++++Fe(CN) 0 "" ^ Fe+++Fe(CN) 6 "', 
A(=[Fe+++][Fe(CN) 6 ""]/Fe++][Fe(CN) c '"]) 

is approximately 10 ~ 5 , so that, in a solution con- 
taining all these ions, the equilibrium would be 
practically completely on the side of ferrous 
ferricyanide. P. Woringer (J. pr. Chem. 1913, 
[ii], 89, 51) was indeed able to show that ferri- 
cyanide is formed when ferric chloride reacts 
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with an excess of ferrocyanide, and concluded 
that a femeyanide structure must bo assigned 
to the bios compounds. Jt is not permissible, 
however, to deduce from solution equilibria the 
composition of a precipitate, which is controlled 
by solubility relationships. It for example, the 
ratio of the solubility products of ferric ferro- 
cyanide ([Fe+++]fFe(CN ),""]) and ferrous 
fern cyanide {[Fet-tjf Fe(CN) a "'J) is less than 
1 (=I0~*), then practically complete precipita- 
tion of ferric ferrocyanide could occur from a 
solution containing ferrous and femeyanide ions, 
m spite of the fact that the ionic equilibrium 
is entirely in favour of the alternative compound. 

It follows that only one of the two alternative 
compounds is stable, that mixtures of the two 
cannot exist in contact with solution, and that 
the composition of an equilibrium product must 
always be either ferrous femeyanide or ferric 
ferrocyanide, independent of the starling 
materials. The ratio of the two solubility 
products is unknown, for neither has been 
measured. On the basis of the Abegg-Bodlander 
theory of electro-affinity, however, wo may pre- 
dict that the solubility of the compounds formed 
from the more highly charged ions Fe+++ and 
Fe(CN)*"" of weaker electro-affinity will be 
considerably lower than that of the compounds 
from the ions Fe++and Fe(CN) f "', of lower 
clectrovalency and stronger electro-affinity, 
to that the blue compounds are probably ferro- 
cyanides. 

The chemical evidence must be interpret* d 
with caution. The conclusions of Hofmann ana 
his collaborators (Annalen, 1904, S37, 1 , 
1907, 352, 64) that insoluble Prussian blue is 
feme ferrocyanide, because it is formed from 
ferric femeyanide and hydrogen peroxide, which 
reduces femeyanide and not feme ion, and of 
Eibner and Gerstacher (Chem.-Ztg. 1913, 37, 
137, 138, 195) that the blue compound made by 
the sulphite reduction of feme femeyanide is 
ferrous femeyanide, because sulphite reduces 
only feme ion, are unsound because the alterna- 
tive products might be formed from the original 
reduction products in each case by the operation 
of Muller’s equilibrium. The best reason for 
regarding insoluble Prussian blue as feme ferro- 
cyanide is that it is not oxidised by oxygen c 
by hydrogen peroxide, so that its divalent iron 
in the complex : its method of formation from 
feme salt and soluble Prussian blue suggests 
that the soluble blue is also a ferrocyanide: 
and since Turnbull's blue is produced from 
soluble Prussian blue and ferrous salt, it must also 
be a ferrocyanide. 

The conception of Prussian and other blues as 
simple iron ferrocyamdes is not entirely satis- 
factory, however, because it leaves unexplained 
their differing degrees of stability towards 
alkalis and oxidising agents, and does not account 
for their remarkably deep colours, which 
would not bo expected of compounds formed 
by the simple combination of feebly -coloured 
ions {Hantzseb, Z. phyrikaL Chcm. 1910, 72, 
362). BeihJen and Zimmermann (Annalen, 
1927, 451, 75; 1929, 475, 101) and Reihlen 
and von Hummer (Annalen, 1929, 469,30) havo 
put forward the view that the iron cyanide 
complex in the blue compounds contains both 


Fe 11 and Fe m , with which CN is co onLnated. 
They apply the same principle to other insoluble 
ferrocyamdes such as the cupric and zinc salts, 
the Fe ra in the blue complex being replaced in 
these cases by Cu n and Zn H respectively, and 
to double salts of ferrocyanide, such as Eventt’s 
salt, K,Fe[Fe n (CN),], which they wnte as 
KjJFe^fCN),} This method of formulation 
simplifies considerably the constitutional pro- 
blems of the iron cyanogen blue compounds. 
Only two alkali free compounds are possible • 
(a) FetnfFe 11 Fe nI {C N ) 4 ] 3 , in which one- 
seventh of the total iron is reducible by sulphite, 
and which is readily identified with insoluble) 
Prussian blue, and (b) Fe I1 [Fe n Fe ln {CN) t ]j, 
in which one-fifth of the total iron is oxidisakle 
by hydrogen peroxide, and which is Turnbull's 
bine ; and soluble Prussian blue is the potassium 
salt of the feno fem complex 

K[FenFetfl(CN) # ]. 

Tho interconversions of soluble and insoluble 
Prussian blues and Turnbull's blue are readily 
explained. Cambi and Clenci (Gazzctta, 1928, 
58, 57) accept the theory of tho complex con- 
taining both divalent and trivalent metals co- 
ordinated with cy anide for all coloured complex 
cyanides ; for example, the bluish-green ferrous 
mangam cyanide, usually written 
Fe^M^ON)^, 
is decomposed by alkali into manganic 
hydroxide, Mn(OH)„ and ferrocyanide, 
whereas the colourless ferrous cobalticyamde 
FejUfCo^CN),],, gives ferrous hydroxide, 
Fe(0 H),, and cobalticyamde. Hence the colour- 
less cobalt compound is correctly formulated 
above, but the coloured manganeso compound 
should be written Mn m [Fe n Mn n (CN),],, 

• as a similar more complex derivative. 
Potassium ferrocyanide, “ yellow prussiata 
of potash,” K 4 Fe(CN) e ,3H,0, crystallises 
from aqueous solutions in large, monoclinie 
tetragonal pyramids of sp gr. 1 86. The crystals 
are stable in air at the ordinary temperature, 
but begin to lose water at 60°C., being com- 
pletely dehydrated at I00°C. to give a whits 
powder. On further heating in the absence of - 
oxygen, the powder decomposes, first into 
Williamson’s salt, KjFefFetCN) J, without 
gas formation, and then below red heat into a 
mixture of potassium cyanide, carbon and iron, 
with nitrogen escaping. According to Hackspill 
and Pinck (Bulk Soc. chim. 1931, [ivj, 49, 64) 
considerable quantities of cyanogen are obtained 
at 300-4 00°C. The salt is solable in water, 
giving the following saturated solutions 
(Farrow, J.C.S. 1926, 129, 49) ; the solubilities 
are expressed as grams of anhydrous salt in 
100 g. of eolation : 

Temp. ®C. 24 9 34 9 49 8 

Solubility 23 95 2801 3313 

Density 1-173 1-202 1 233 

Temp. *0. 64-7 79 0 99 7 

Solubility 36 94 40 45 43 78 

Density 1-264 1*285 1 312 

It is insoluble in alcohol 
Potassium and other ferrocyamdes are com- 
pletely decomposed by boiling with mercuric 
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oxide, giving the undissociated mercuric cyanide, 
ferrous hydroxide and potassium hydroxide. 
They are also decomposed by aurous cyanide or 
hydroxide, or by finely divided gold in the 
presence of oxygen, the complex aurocyanide 
being formed, as in the cyanide process for 
dissolving gold ( sec i under Gold Cyanides, 
p. 486), together with ferric hydroxide (Beutel, 
Z. anorg. Chem. 1912, 78, 141). 

Sodium ferrocyanide, 

Na 4 Fe(CN) 6 ,10H 2 O, 

crystallises in large lemon-yellow monoclinie 
prisms or rhomboliedra, stable in air at the 
ordinary temperature, but completely de- 
hydrated at about 100°C. The dry salt de- 
composes like the potassium salt on strong heat- 
ing. The concentrations and densities of 
saturated solutions have been measured by 
Earrow (J.C.S. 1926, 129, 49) ; solubilities are 
expressed in grams of anhydrous salt per 100 g. 


of solution : 




Temp. °C. 

24-9 

34-9 

49-8 

Solubility 

17-11 

20-58 

26-20 

Density 

1-131 

1-158 

1-200 

Temp. °C. 

64-7 

79-6 

84-7 

Solubility 

31-43 

36-85 

38-15 

Density 

1-243 

1-279 

1-292 

Temp. °C. 

89-6 

94-7 

99-7 

Solubility 

38-08 

38-25 

37-53 

Density 

1-296 

1-287 

1-286 

A transition 

m non 

point to a lower hydrate occurs at 


81-7°C. 


Zinc ferrocyanide, Zn 2 Fe(CN) c ,6H 2 0, is 
a white amorphous precipitate obtained by the 
action of calcium or hydrogen ferrocyanide on 
excess of zinc chloride in aqueous solution. 
When other soluble ferrocyanidcs are used, the 
precipitate contains varying amounts of the 
other metal (see Treadwell and Chervet, Helv. 
Chim. Acta, 1923, 6, 559). Eeihlen and Zimmer- 
mann (Annalen, 1927, 451, 75) postulate the 
existence of complex anions containing both zinc 
and iron, analogous to the copper ferrocyanides 
and to the Prussian blues. Zinc ferrocyanide is 
insoluble in dilute acids, completely soluble in 
alkalis with formation of ferrocyanide and 
zincate, but only partially decomposed by alkali 
carbonates. 

Hexamethylcarbylamir.e ferro-salts. — 
By the action of methyl sulphate on diy 
potassium ferrocyanide, or of methyl iodide on 
silver ferrooyanide, E. G. J. Hartley (J.C.S. 
1910, 97, 1066, 1725; 1911, 99, 1549; 
1912, 101, 705; 1913, 103, 1196) has 
obtained a series of salts of the general 
formula [ Fe(CN CH 3 ) e ]R 2 , R being a univalent 
acid radicle and the iron cyanogen complex 
acting as a kation. On heating with con- 
centrated sulphuric acid, or on boiling with 
aqueous caustic soda, they are decomposed with 
quantitative production of methylamine or 
methylcarbylamine, showing that all the nitrogen 
atoms are linked to methyl groups, 

Tetramethyl ferrocyanide, 


is formed when hexamethylcarbylamine ferro- 
chloride, (Fe(CNCH 3 ) e ]01 2 , a representative 
of the above class of compounds, is heated at 
140-150°C. in vacuo for 6-9 hours, when methyl 
chloride is split off. Hexamethylcarbylamine 
ferrochloride itself is produced when 

[Fe(CNCH 3 ) 6 ][CH 3 S0 4 ] 2 , 

the initial product of the interaction of potassium 
ferrocyanide with dimethyl sulphate, is boiled 
with hydrochloric acid or barium chloride. 
There are two isomeric forms of tetramethyl 
ferrocyanide, both of which are present in the 
above product. The a-isomer is much more 
soluble in water and organic solvents than is the 
/1-isomer, and crystallises with 2 molecules of 
water of crystallisation, against 6 in the case of 
the /?-isomer. The a-isomer does not dissociate 
electrolytically in solution, but the /?- isomer 
(according to Holzl, el al., Monatsh. 1927, 48, 71) 
is an electrolyte. The a-compound combines 
with methyl iodide at 100°C. to give hexamethyl- 
carbylamine ferroiodide, but the ^-compound 
has no reaction. No method of converting one 
form into the other has been discovered. 

Ferricyanides. 

Technical Methods op Pbepahation. 1. By 
Chemical Oxidation of Ferrocyanides .- — The 
commonest oxidising agent is gaseous chlorine, 
which may react either with solid potassium 
ferrocyanide, in which case the product is a 
solid containing potassium chloride, or with a 
cold 10% solution of ferrocyanide : 

2K 4 Fe(CN) 6 +CI 2 =2K 3 Fe(CN) 6 -f-2KC) 

The reaction is stopped when the conversion of 
the ferrocyanide is just completed, for excess of 
chlorine destroys the complex radicle. In 
practice, a small amount of Prussian green is 
always formed, which spoils the appearance of 
the product. The difficulty may be avoided 
by evaporating the solution to the crystallising 
point and then adding caustic potash to decom- 
pose the Prussian green into ferric hydroxide, 
which can be filtered off, and potassium ferro- 
cyanide, which is apt to contaminate the 
crystallised ferricyanide- A yield of 85-90% 
is obtained in the process. 

In order to overcome the above objections to 
the use of chlorine, lead peroxide, calcium 
plumbate and potassium permanganate have 
been suggested as alternative oxidising agents, 
but have achieved no technical importance 
(Aten, Chem. Weekblad, 1921, 18, 140). More 
recently, the use of air containing carbon dioxide 
at a pressure of 80 to 120 atmospheres and a 
temperature of 80° to 100°C. has been proposed 
(Gluud and Keller, U.S.P. 1872929, 1932) for 
oxidising potassium ferrocyanide solution. W. 
Klempt (V.S.P. 1908516, 1933) describes a 
similar process for calcium ferrocyanide solution. 

2. By Electrolytic Oxidation of Ferrocyanides . — 
The electrolysis of ferrocyanide solutions gives 
rise to ferricyanide and alkali at the anode : 


[> e <CNCH 3 ) 4 

L e (CN) 2 


] 


Fe(CN) G '"'=Fe(CN) 6 "'-f © ; 
H 2 O+0=OH'+iH 2 
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This method of converting ferroeyanide into 
ferricyamde has been investigated by Grube 
from the electrochemical standpoint (Z. anorg 
Chem. 1914, 84, 190; Z. EleUroehera. 1914, 
20, 334). In practice, the electrolysis of neutral 
ferroeyanide solutions is carried out at 60°C. 
in diaphragm cells with nickel electrodes 
Potassium ferricyamde crystallises out from the 
anode liquor on cooling, and the mother 
liquor is replenished with ferroeyanide and 
returned to the cell. The purpose of using a 
diaphragm js to prevent reduction of fern 
cy anide at the kathode, with consequent decrease 
of current efficiency. According to Pawcck and 
Hirsch (Z. Elektrochem 1928, 34, 684), the' 
diaphragm can be omitted if an alternating 
current is superimposed on the direct current 
Properties of the Ferrxcyanides — Potas- 
sium ferricyamde, "red prussiate of potash," 
KjFe(CN),, is prepared in the laboratory by 
tho electrolytic ovulation of an alkaline solution 
of potassium ferroeyanide, or by the technical 
method of oxidation with chlorine. The 
salt crystallises anhydrous from irater m mag 
nificent, deep red, monoclmic prisms, of density 
1*858 (Blitz) The crystals are lsomorphous 
with tho cobalti , mangam , and chromi- 
cyanides of potassium The salt is decom- 
posed by 20% sulphuric acid on heating to 
yield hydrocyanic acid, and with 80% acid it 
gives carbon monoxide and carbon dioxide 
(Bassett and Corbet, J C S 1924, 125, 1358) 

The properties of saturated solutions have been 
measured by Friend and Srairles (JCS. 1928, 
2242); the solubilities aro expressed id 
grams of salt per 100 g of solution. 

Temp. *C. 0 1 7 8 15 7 

Solubility 23*22 26 9G 30 35 

Density — 1 157 1 174 

Temp °C. 22 1 26 3 39 9 

Solubility 32 08 33 66 37 22 

Density 1 187 1*193 1 212 

Temp. *C. 58 81 99 

Solubility 41 10 44 70 47 60 

Density 1 227 — — 


The aqueous solution is decomposed by hght to 
give ferroeyanide. The solution is not i 


stable as ferroeyanide solution, for on heating 
with carbon dioxide at 80-1 00°C. it - — 


1 appre. 


ciably hydrolysed with the formation of pent*, 
cyanide. Femeyamdes in caustic potash sola- 
tion are relatively strong oxidising agents, 
decolourising indigo instantaneously, and being 
also reduced by hydrogen peroxide with libera 
tion of oxygen. 

Ferric ferricyanide. — When fcrricyannls 
and feme salt solutions are mixed a reddish, 
brown colloidal solution is obtained, which u 
bebeved to contain ferric ferricyamde. Haller 
(Kolloid Z., 1917, 20, 76) examined the solution 
ultramicroscopically, and showed that the 
colloidal particles gradually increase in size and 
a green substance separates out. Itethlen and 
von Kummer (Annalen, 1929, 469, 30) produced 
brown, slightly soluble microcrystals of 
Fe 2 (CN) e ,2HjO from acid solutions of 
potassium ferncyanido and ferric nitrate. Green 
ferric femeyamdes ore obtained by boiling 
Prussian blue with concentrated nitric acid, 
or from potassium ferricyamde and ferric 
chloride. 

Pentacyanides. 


As already mentioned (p 466). tho icon hers- 
cyanides can undergo a decomposition of the 
complex by which one ionic cyanide group u 
replaced by a molecular group, giving a new 
pentacyanide complex with a valency lower 
than that of the original complex The most 
important transformations of hexacyanides into 
pentacyanides are listed in the table below. 

Other substituents which may bo found in 
complex pentacyanides aro NO s , AsO,, SO,, 
NHj, and substituted ammonias. 

The correct constitution of the mtropruasides 
was first given by* Gerhardt (Traito do chimie 
orgamque, 1853, I, 344). K. A. Hofmann 
carried out extensive work on their reactions 
(Z. anorg. Chem 1895, 10, 202; 1800, 11, 
31, 278 ; 1896, 12, 140), and was able to 
explain his observations on tho basis of tho co- 



I'erroejamdc [Fe(CN),)"" gnos 

rerricranide [Fe(CN),l'" glm 

By warming aqueous solutions,] 
action of light or acute 1 

By action of strong oxidising agents | 
on solutions 

By heating solutions with carbon 
monoxide 

By warming with nitric or nitrous 
acid 

aquopentacyanoferroate, 
[Fe(CN) 5 H 2 0]"' j 

carbonylfcrrocyanide, 
(Fe(CN)jCOr' 
ni t rosoprussiate, 

| IFe(CN) s NO]" 
(nitroprusside) 

aquopentacyanoferriale, 

[Fe(CN) 5 HjOJ" 

carbonylferrocyanide, 

[Fe(CN) s CO]'" 

nitrosoprussiate, 

[Fe(CN) s NO]" 

(nitroprusside) 


ordination theory (Hofmann, Annalen, 1900, 
312, 1), Other important work on the tran- 
sition of hexacyanides into pentacyanides is 
described by Xlanchot (Ber. 1912, 45, 2869),' 
Cambi (Gazzetta, 1911, [i], 41, 157) and Jimori 
(Z. anorg. Chem. 1927, 167, 145) 

Potassium carbon ylferrocyanfde, 

K,[Fe(CN)jC0]H,0, 


is formed by the action of carbon monoxide 
on an aqueous solution of potassium ferro 
cyanide at 135°C. in a sealed tube (MuIIcr.Ann 
chain, phys. 1889, [vi], 17, 94) : 
K 1 Fe(CN) g +CO+2H.O 

= K a [Fe(CN)jCO]+NH s +HCOOK 

It may also be made by heating potassium 
ferroeyanide with sulphuric acid until tho evolu- 
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tion of carbon monoxide begins, and then 
cooling (see Holzl, Monatsh. 1930, 56, 79). 
Carbonylferrocyanides are present in the 
cyanide mud and spent oxide of the purification 
plant of gas works ; according to Colman 
(Analyst, 1908, 33, 261), from 2 to 5% of the 
cyanogen (and sometimes as much as 20%) is 
present in this form. When cyanide mud and 
spent oxide are extracted with caustic soda, and 
the extract mixed with 5 times its volume of 
methylated spirit, the sodium ferrocyanide 
crystallises out completely in a few hours, after 
which the carbonylferrocyanide can be pre- 
cipitated as the amorphous, deep violet ferric 
salt by adding ferric chloride to the acidified 
solution. The deliquescent calcium salt, which 
crystallises with 8 molecules of water, is obtained 
by boiling the ferric salt with milk of lime. 
The copper salt, a green precipitate soluble in 
excess of ammonia, is characteristic. The 
carbonylferrocyanides resemble the correspond- 
ing ferrocyanides, but are paler in colour, more 
soluble in water, and more stable towards 
oxidising agents. 

Sodium nitroprusside, 

Na 2 [Fe(CN) 6 N0]2H 2 0, 

is made by the action of dilute nitric acid on a 
ferrocyanide solution (Playfair, Phil. Mag. 1850 
[3], 36, 197). The solution is neutralised with 
sodium carbonate and evaporated to crystallise 
out potassium nitrate, which is separated before 
finally crystallising the nitroprusside. The 
mechanism of its formation is that the nitric 
acid oxidises the ferrocyanide to ferricyanide, 
itself being reduced to nitric oxide, and the 
two products then react in accordance with the 
equation : 

Fe(CN) 6 "'+NO+H + 

= [Fe(CN) 5 NO]"+HCN 

The salt can also be formed from solutions of 
ferrous sulphate, sodium nitrite and potassium 
cyanide. It crystallises in dark red prisms, 
soluble in 2£ parts of water at 16°C. The 
solution is not precipitated by a ferric salt, and 
gives a deep violet coloration with alkali 
sulphides. 

Sodium aquopentacyanoferroate, 

Na 3 [Fe(CN) 5 H 2 0]5H 2 0, 

is obtained by the action of reducing agents 
such as phenylhydrazine or hydroxylamine, 
or of oxidising agents such as potassium 
hypobromite or hydrogen peroxide, on sodium 
nitroprusside solution below 0°C. The NO 
group of the nitroprusside is replaced by water, 
and the iron of the complex is converted from 
F e Iir to F e n . In the latter respect, the action of 
hydrogen peroxide is analogous to its behaviour 
with ferricyanide, which it reduces to ferro- 
cyanide. The salt crystallises in reddish-yellow 
needles, giving an intensely yellow solution 
which does not yield a violet coloration with 
alkali sulphides. 

Sodium aquopentacyanoferriate, 
Na 2 [Fe(CN) 5 H 2 OJ, 


V 

is obtained by oxidising the ferroate com- 
pound (described above) with bromine water. 
It is a deep violet-blue substance. The corre- 
sponding potassium salt is obtained by the action 
of excess chlorine on potassium ferricyanide, 
and is identical, according to Cambi (Gazzetta, 
1911, 41, I, 57), with the “ potassium per- 
ferricyanide ” obtained by Bong (Bull. Soc. 
chim. 1875, [ii], 24, 268) and Skraup 

(Annalen, 1877, 189, 368) by the action of 
potassium chlorate on potassium ferricyanide 
solution. 1 

Constitution ot the Complex Iron Cyan- 
ides. — According to Werner’s co-ordination 
theory (“Neuere Anschauungen auf dem Gebiete 
der anorganischen Chemie,” 5th ed., 1923), 
complex salts are to be regarded as built up 
by the “ co-ordination,” through co-valent, non- 
ionisable linkages, of a number of atomic 
groups round a central atom, giving a more or 
less stable nucleus. According to the nature of 
its component parts this nucleus may or 
may not be able to combine with other atoms 
by means of electrovalent, ionisable links. The 
significance of the square brackets in the usual 
method of writing Wernerian formula! is that 
all the linkages between groups within the 
brackets are non-ionisable. The co-ordination 
number of the central atom bears no obvious 
relation to its valency; the maximum co- 
ordination number of carbon, nitrogen and 
boron is 4, of the great majority of elements 
is 6, and of some of the heavier elements 
(e.g. molybdenum and tungsten) is 8. 

The great stability of the ferrocyanides and 
ferricyanides has already been mentioned. 
The first decomposition of the complex ions is 
the removal of one cyanogen ion, which is 
always replaced by another molecular group, 
such as H 2 0, N O, or CO, giving a new complex 
in which the iron atom is still associated with 
six groups. Thus the whole series of complex 
iron cyanides, derived from divalent and tri- 
valent iron, provides an example of co-ordinated 
compounds in which the iron (in either valency 
state) has a well-defined co-ordination number of 
6. The following list of compounds illustrates 
the way in which the electro valency of the 6- 
co-ordinated complex is altered by the abstrac- 
tion of one or more cyanide ions, to bo replaced 
by the same number of neutral atomic groups : 


Feiro series. 

Ferri series. 

Complex 

form. 

[Fe u (CN) 6 ]"" 4K+ 

[Fe ln (CN) 6 ]'" 3K+ 

anion 

K c o N T' 3K+ 

[Fe£N)., r 2K+ 

anion 


•hsw 

not 

ionised 

[Fe(CNCH 3 ) B ]++ 2CI' 


kation 


* The corresponding ferricyanide derivative is want- 
ing (Hartley, J.C.S. 1914, 105, 521). 


In the case of a complex containing six co- 
ordinated groups, Werner held that the six 
groups are arranged symmetrically at the corners 
of a regular octahedron, the co-ordinating atom 
being at the centre. Hence complexes of the 
general formulae Ma 4 b 2 and Ma 3 b 3 should 
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exist in the two stereo isomeric forms repre- 
sented by : 



for the second. Hartley’s two isomeric tetra- 
m ethyl ferrocyamdes (p. 475) are regarded as 
stereoisomers by Glasstone (j.CS. 1930, 321), 
and the same may be truo of his isomeric 
tnraethyl cobalticyamdes (ibid. 1914, 105, 521). 

On the other hand, no isomerism would be 
expected in the simple ferro and fern-cyanides. 
Briggs (i6irf 1911, 99, 1019) described a- and 
P isomers of alkali ferrocyamdes with slight 
differences in physical properties, but Bennett 
(ibid 1917, 111, 490) showed that the two forms 
are crystallographically identical, and Piutti 
(Her. 1912, 45, 1830) and Getman (J. Physical 
Chem 1921, 25, 147) found no differences in 
the absorption spectra Locke and Edwards 
(J. Amer. Chcm. Soc. 1899, 21, 193, 413) 
dc9cnbed the con-version of ordinary ted 
a potassium femeyamde into an isomeric green 
P modification by treatment with acids The 
green product had a different crystalline form, 
absorption spectrum (Getman, f e ), and chemical 
properties (Bellucci and Sabatim, Atti R 
Accad Lmcei, 1011, [V], 20, I, 176). The 
view is now held by Briggs (J C S. 1920, 117, 
1026; J. Physical Chem 1928, 32, 1422) that 
no isomerism exists in the alkab ferro- and 
fern-cyanides, the observed differences m the 
properties of the p forms being due, in the case of 
ferrocyanide, to the presence of small amounts 
of aquopentacyanofcrroate, K 3 [Fe(CN) 5 H z O], 
and in the case of forricyanide, to the existence 
of a double salt between femeyamde and aquo 
pentacyanofemate having the formula 

3K s [Fe(CN)j] K z [Fe(CN) s H 2 0]. 

It is a shortcoming of Werner’s theory that his 
structural formulas lack the definiteness of those 
of organic chemistry, and that the cxistenco is 
Implied of a new kind of valency for the co- 
ordinating atom, having no relation to its 
normal elcctrovalency or covalency. The 
difficulty has been dispelled by the applica- 
tion of the electronic mechanism of valency to 
co ordination (Sidgwick, J C S 1923, 123, 725; 
“ The Electronic Theory of Valency,” 1927). 
According to tho electronic interpretation, a 
covalent, non-iomsable linkage is formed by tho 
sharing of two electrons between the combining 
atoms, each electron simultaneously forming a 
part of the stable electron configurations of 
both atoms. In the normal covalent link, one 
shared electron is provided by each of the atoms, 
but in the coordinated link both aro supplied 
by one of tho atoms, termed the “ donor ” 
Hence a co ordination number cf 4 corre- 
sponds to tho formation of a stable octet of 
electrons, and of G to the formation of a ring of 
twelve, another stable configuration 

While the concept of 6-co ordinated iron 


gives a satisfactory representation of the pro- 
perties of the simple ferro- and fcm'-cyanidea 
of the alkali and alkaline earth metals, difficulty 
arise in the case of the heavy metal salts such as 
Prussian blue, copper ferrocyanide, and tine 
ferrocyanide, which have been met by the 
assumption of a complex having two nuclear 
atoms, e g. Fe 11 and Fe IK in the case of Prussian 
blue (see under Constitution of tho Blue 
Compounds, p. 473), Zn and Fe sl in the case of 
zinc ferrocyanide. In these cases tho co ordina- 
tion number of each of tho nuclear metallic 
atoms is probably 4. Similar hi nuclear 
complexes may exist in tho numerous double 
salts formed by ferrocyamdes, tho less electro- 
positive of the two metals tending to enter the 
ferrocyanide complex. In thw connection it is 
of interest to note that Berkeley, Hartley and 
Stephenson (Phil. Trans. 1909, 209.A, 319) 
conclude, from measurements of the osmotic 
pressure and electrical conductivity of solutions 
of ferrocyamdes of calcium and strontium, that 
these salts give in solution undissociated molo 
cules of twice the simple formuh-\i eights, 
indicating a tendency to similar binuclcar com. 
pJex formation even in the alkahno earth ferro- 
cyanides. 

II. ALKALI METAL CYANIDES. 

Technical Methods of Prepabation — 
1. From Ferrocyamdes Tho earliest method of 
preparing potassium cyanide from ferrocyamdo, 
due to Berzelius, consisted m heating dry 
potassium ferrocyanide to redness ; 

K 4 Fe(CN) 8 =4KCN+Fe+2C+Nj 
A 33% loss of cyanogen occurs in this reaction, 
which can be reduced by adding potassium 
carbonate so that the fusion is carried out with a 
mixture of 8 parts of ferrocyanide to 3 parts of 
potash (F. and E. Rodgers, Phil. Mag. 1834, [3), 
4, 91). The melt is allowed to t and until tho 
iron and carbon have separated out, and is then 
poured into moulds, giving white, porcelain like 
cakes containing from 30 to 70% of KCN. 
This product was used until about 1890 for 
electroplating and ot her purposes. Liebig showed 
that cyanato was formed during tho reaction, 
thus : 

K 4 Fe(CN)j+KjCO s 

= 5KCN+KCNO+Fe+COj 
Fleck (" Die Fabnkation chcmisehcr Produkte 
aus tjenschen Abfallen,” 1862) and Chaster 
(B.P. 15941 of 1891) proposed tho use of charcoal 
to rcduco the cyanate, but it appears unlikely 
that this reduction would occur at the relatively 
low temperatures used in the fusion. 

Erlenmey'er (Ber. 1876, 9, 1840) described a 
much more advantageous process, in whi h a 
pure product containing approximately 40% 
CN (equivalent to 100% KCN) was obtained 
by fusing dry potassium ferrocyanide with 
metallic sodium in the proportions required by 
the equation . 

K,Fe(CN),+2Na=4KCN+2NaCN+Fe 
The process became technically important inthe 
hands of the Deuts. Gold u. Silber Scheide- 
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anstalt vorm. Roessler, V. Intern. Kongress fiir 
Angewandte Chemie, Berlin, 1903, I, 638) when 
sodium became a commercial product in 1890. 
The spongy iron is filtered off from the melt and 
then pressed out while still red-hot; the 
filtered cyanide is cast in cakes and gives a very 
pure commercial product. Since 1905, sodium 
ferrocyanide has been used instead of the 
potassium salt, and the product is almost pure 
sodium cyanide. In England the surplus of 
ferrocyanide from gas works over that required in 
the colour industries was formerly converted into 
cyanide by this process. Modifications have 
been described by Hetherington, Muspratt and 
Hurter (B.P. 5832 of 1894), who used a sodium- 
lead alloy instead of sodium and obtained a 
three-layer product, the powdered iron floating 
between the upper liquid cyanide and the 
lower liquid lead, and by Crowther and Rossiter 
(B.P. 9275 of 1894), who used zinc alone for 
reducing the ferrocyanide, subsequently decom- 
posing the zinc cyanide by fusion with alkali 
carbonate. Neither modification has achieved 
practical importance. 

2. From Ammonia and Alkali Carbonates . — 
Two important processes which have been large 
producers of cyanide, utilising the same reactions 
but under considerably different working 
conditions, fall under this head. In Sieper- 
mann’s process (G.P. 38012 of 1886; B.P. 
13697 of 1889, 9350 and 9351 of 1900) a dry 
mixture of 2 parts of wood charcoal and 1 part of 
potassium carbonate is introduced into the upper 
end of a vertical iron retort, and is treated at a 
dull red heat with dry ammonia gas introduced 
at a point about half-way down the length of the 
retort. Absorption of the ammonia occurs with 
production of potassium cyanate, probably 
through the intermediate formation of potassium 
carbamate (according to Pfleger, see Deuts. 
Gold-u.-Silber-Scheideanstalt vorm. Roessler, 
V. Intern. Kongress fiir Angewandte Chemie, 
Berlin, 1903, I, 638) : 

CO(OK) 2 +NH 3 =CO(NH 2 )OK+KOH 
CO(NH 2 )OK=KCNO+ h 2 o 

The product then falls into the lower part of the 
retort, which is maintained at a bright red heat. 
At the higher temperature the cyanate is con- 
verted into cyanide, and carbon monoxide is 
produced which escapes through the upper part 
of the retort with the hydrogen formed by the 
decomposition of some of the ammonia. Accord- 
ing to Pfleger (l.c.) the conversion of the cyanate 
proceeds in two stages : 

2KCN0 = K 2 CN 2 +C0 2 

(cf. Drechsel, J. pr. Chem. 1877, [ii], 16, 201, 
on a similar decomposition of alkaline earth 
cyanates), and 

K 2 CN 2 +C=2KCN 

Drechsel, J . pr. Chem. 1880, [ii], 21, 77) ;finally : 

C0 2 +C=2C0. 

Some of the potassium cyanamide may decom- 
pose directly into cyanide, potassium and 
nitrogen, as this reaction is known to occur 
below 800°C. in the absence of excess charcoal. 
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The product of Siepermann’s process is allowed 
to cool out of contact with air, and is then 
systematically leached with exclusion of air 
(B.P. 9351 of 1900). Potassium cyanide may be 
precipitated from the extract by adding excess of 
potassium carbonate, or better by evaporating 
nearly to dryness and extracting unchanged 
potassium carbonate with a minimum quantity 
of water at 66°C. The residue, containing 
potassium cyanide and some unconverted 
cyanate, is treated with refrigerated water 
(between —18° and +5°C.) to dissolve the 
cyanide and leave the cyanate, and the cyanide 
is crystallised as a damp, deliquescent mass 
(B.P. 9352 of 1900). This product had to be 
fusedwith cyanide produced from ferrocyanide in 
order to make it suitable for export to the gold 
mines. 

The second process of this kind is the Beilby 
process (B.P. 4820 of 1891), which first became a 
producer in 1892, the same year as Siepermann’s. 
Gaseous ammonia is forced through molten 
potassium carbonate, and the addition of char- 
coal is made gradually, the total quantity added 
being hardly more than that theoretically 
required by the equation : 

K 2 C0 3 +4C+2NH 3 =2KCN + 3C0+3H 2 

In this way the leaching step of Siepermann’s 
method is avoided, for it is possible to run off 
the molten mass from the retorts, through 
filters for the small amount of unreacted 
charcoal, directly into moulds to give a white, 
saleable product. In practice, previously made 
eyamde was added to the potassium carbonate 
on starting the process, in order to lower the 
melting-point of tho reaction mass, and the 
passage of ammonia was continued until an 
analysis of the melt showed that the reaction was 
complete. Tho reaction temperature was 900- 
1000°C., and tho formation of cyanate and its 
conversion into cyanide occur simultaneously. 

As regards the relative merits of the two pro- 
cesses, Siepermann’s gives higher yields of 
cyanide based on tho ammonia used because, at 
the lower temperature of the first stage reaction, 
less decomposition of ammonia into its elements 
occurs. The higher temperature in Beilby’s 
process is necessary, however, for the main- 
tenance of a reasonably high rate of reaction 
since by working in a medium of molten salt the 
advantage of the large surface exposed by 
Siepermann’s dry mass of alkalised charcoal is 
sacrificed. The dissociation of the ammonia 
in Beilby’s process is minimised by introducing 
the gas into the retort through tubes lined with 
copper, this metal having no catalytic effect on 
the decomposition of ammonia. The yields on 
ammonia actually obtained are 86-85% in 
Siepermann’s, and 55-60% in Beilby’s process. 
According to Readman (J.S.C.I. 1889, 8, 757) 
it is possible to obtain an almost quantitative 
yield by working at a low enough temperature. 
The great advantage of Beilby’s process is the 
easy working-up of the product into a readily 
marketable form. 

3. From Ammonia and Alkali Metals . — The 
reaction of sodium with charcoal and ammonia 
to give sodium cyanide was proposed by Castner 
in 1894 (B.P. 12219 of 1894; G.P. 90999, F.P. 
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239643), and rapidly became the most important 
process in use for cyanide manufacture. The 
complete reaction is represented by the equa* 
tion : 

2Na+2C+2NH s — 2NaCN+3H, 

According to Castner’s earlier claims (BP. 
21732 of 1894), the reaction is best carried out in 
two stages, in the first of which liquid sodium 
is allowed to react with dry ammonia gas at 
300-400°C. in a horizontal cast iron retort fitted 
with a series of vertical baffles to increase the 
length of passage of the gas over the liquid 
Sodamide is formed, which is stable up to tem- 
peratures approaching 500°C. (Titberley, J C S. 
1894,65,504): 

2Na+2NH a =2NaNH t +H, 

In the second stage the molten sodamide is run 
on to red-hot wood charcoal m a vertical 
cylindrical retort Carbon absorption occurs 
with the formation of sodium cyanamide, a 
compound which is relatively stable up to GOO'C 

2NaNH I +C=Na I CN l +2H a 

Cyanamide may also be formed, according to 
t Pfleger, by the interaction of sodamide and 
sodium cyanide already formed 

NaNHj+NaCN — NajCNj-f H, 

The second stage of the Castner process is com- 
pleted by raising the temperature of the cyams 
mg furnace to 700-S00 6 C , when the cyanamide 
melt absorbs further quantities of carbon to 
form molten cyanide : 

NdjCNj+C 2NaCN 

According to G.P. 148046 (Deuts. Gold u • 
SUber-Scheidcanstalt vorm. Roessler), it is 
possible to carry out the whole process m one 
retort, the sodamide being produced at the 
lowest possible temperature, and the tempera- 
ture then gradually raised for the succeeding 
stages of the reaction. The molten charge is 
run off from the retort through filters to remove 
small amounts of solid impurities (such as 
unreacted charcoal), and is cast in iron moulds 
to give pure white cakes with a crystalline 
fracture, and analysing 97-9S% NaCN, 21% 
Na t CO s , 0 3% NaCNO, and 0 02% Na,S 

Instead of charcoal, volatile organic com- 
pounds such as acetylene (G.P. I49G78) or tri- 
methylamine (G P. 223027) may be added 
to the melt as sources of carbon, but such 
variations have not come into general practice 
The source of the ammonia used in the operation 
of tho Castner process was formerly the by- 
product of coaldistillation, but since 1918 there 
has Men a considerable change over to tho use of 
synthetic ammonia. This is refiected in H. 
Freudenberg’s B P. 263639, 1926, which claims 
the collection and recombination with nitrogen 
of the hydrogen produced in tho Castner cyanide 
synthesis. This hydrogen is relatively pure, 
containing only small quantities of methane and 
nitrogen 

Tho Castner process was first put into opera- 
tion at Frankfurt- on -Main ip 1899, a second 


plant was started at Glasgow in 1900, and a 
third near New York in 1901. Since that time 
it has continued to provide tho greater part of 
the world’s evamde requirements, and still 
retains its pre-eminent position. 

4. From. 'Thiocyanates . — The usual method of 
preparing ejanides from thiocyanates is first 
to convert the thiocj anate into ferrocynmde by 
one of the methods already described (p. 4G9), 
and then to w ork up tho ferrocyamdo into 
ejanide by tho Erlenmeycr method as described 
on p. 478. On the other hand, the direct desul- 
phunsation of thioej nnatea can bo carried out 
by fusion w ith lead or line (Warren, Chem . News, 
1890, 62, 252; Playfair, BP. 7764 of 1890) 
The fusion is carried out at 400°C , and gives a 
70-80% conversion to cyanide (Playfair, J S C I. 
1892, 11, 14 ; Conroy, i bid. 1896, 15, 8), which is 
extracted from the cooled melt with water. 
Playfair (i c ) also found that hydrogen reduces 
potassium thiocyanate at a dull red heat, giving 
potassium ejanide, potassium sulphide, and 
sulphuretted hydrogen. Conroy, Ileslop, and 
Shores (J S C.I. 1901, 20, 320) found that, on 
reduction with hydrogen, about 70% of the 
nitrogen is obtained as potassium ejanide and 
20% is further reduced to iivdrocjanic acid 
An interesting proposal for the direct desulphun- 
sation of ammonium thiocyanate by heating it 
with finely divided copper at 300-300°C. 
has recently been made by Komg and Sieglo and 
Co (B P 438353 and 438402, 1934). Cuprous 
sulphide is formed and the vapours of ammonium 
cyanide arc evolved and are absorbed in water 
to give a dilute solution. It is not possible 
to separate solid ammonium cyanide from this 
solution, which is highly unstable on keeping, 
but it is claimed that the solution is suitable for 
use in the extraction of gold from its ores 

Zinc oxide may be used as a desulphurising 
agent if carbon monoxide is also present 
According to G P. 688823, 1932 (N.V. Stikstof 
bindmgsindustne, Nederland), a 96% yield of 
sodium cyanide is obtained by heating sodium 
thiocyanate above 400°C. with zinc oxide and a 
gas containing carbon monoxide ; 

NaCNS-f ZnO+CO = NaCN+ZnS+COj 
Lime or chalk may be used instead of zme oxide 
(BP. 401027, 1932); in this case tho initial 
crude product contains a high percentage of 
sodium cj anate, which can be reduced to 
ejanide, however, by continuing the passage of 
carbon monoxide : 

NaCNS-f CaO=NaCNO-)-CaS 
NaCNO+CO=NaCN+COj 

5 From Hydrocyanic Acid — The recover)' of 
the hydrocj flmc acid content of “ Schlenipc ” 
gases (see Hydrocj’anic Acid, p. 493), in tho 
form of solid sodium cyamdo is an important 
technical process. Tho cyanised gas, which 
contains 7% HCN, 7% NH,, and 24% CO, 
by volume, is freed from ammonia by scrubbing 
with dilute sulphuric acid, and separated from 
carbon dioxide and enriched in hydrocyanic acid 
by scrubbing with w ater and fractionally distill- 
ing the aqueous HCN-extract. The gas con- 
taining the concentrated HCN thus obtained « 
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absorbed in aqueous caustic soda of such a 
strength that a saturated solution of sodium 
cyanide (45% by weight) is produced (Muhlert, 
Chem. App. 1925, 12, 156). This solution 
is evaporated in vacuo to a paste, which is 
centrifuged to give a product containing 10% 
of water, from which the rest of the water is 
removed by drying on heated trays in vacuo. 
The dried powder is then briquetted (B.P. 
18096 of 1907), and the product appears in 
commerce with the following analysis: NaCN 
92-93%, Na,CO s 3-5%, NaCNO 0-7%, 
NaCI 1-0%, NaOH 0-5%, Na 2 SO t 0-2%, 
Na 2 S 0-02%. 

In the above process, prior removal of carbon 
dioxide from the gas is necessary in order to 
avoid excessive formation of carbonate during 
the neutralisation. In carrying out this step, 
care must be taken that the hydrocyanic 
acid is not present in excess, because of the 
tendency of free hydrocyanic acid to polymerise 
in contact with alkaline substances such as 
cyanides. If this polymerisation occurs, the 
product is discoloured and its commercial value 
impaired. The evaporation of the cyanide 
solution must be carried out in vacuo at a 
relatively low temperature in order to minimise 
saponification of the cyanide to formate and 
ammonia, which results in loss of cyanide 
efficiency and in formate contamination of the 
product. Various expedients have been 
suggested to avoid the evaporation step, but 
none has found practical application. Interest 
in the problem has, however, been revived by the 
development of the newer cyanide syntheses by 
high-temperature gas reactions and by forma- 
mide dehydration, which reactions yield their 
hydrocyanic acid in the form of a dilute gaseous 
mixture similar to the cyanised “ Schlempe ” 
gas. 

According to G.P. 160637, 1903, the gas con- 
taining the HCN free from carbon dioxide may 
be passed over solid flake caustic soda at 200°C., 
so that the water produced (by the reaction 
NaOH+HCN = NaCN+ H 2 0) is vaporised, 
but no melting of the solid occurs. It is 
necessary in this method to grind the product 
when it contains 50-60% NaCN, in order to 
expose fresh surfaces of caustic soda to the gas. 
Wiggers (Z. anal. Chem. 1876, 15, 448) obtained 
pure potassium cyanide by reacting hydrocyanic 
acid with a solution of caustic potash (3 parts) 
in 95% alcohol (1 part), washing the potassium 
cyanide precipitate with alcohol and drying it 
over sulphuric acid. Guignard and Watrigant 
(G.P. 243469, 1911) used alcoholic caustic soda 
for the preparation of Bodium cyanide, and 
added metallic sodium from time to time to 
react with the water produced, so as to prevent 
the saponification of hydrocyanic acid to 
ammonia and formic acid. 

The evaporation of aqueous cyanide solutions 
may also bo avoided by salting out the cyanide 
from solution with solid alkali (Tscherniac, 
G.P. 182774, 1906 ; Chemische Fabrik Schlempe, 
G.P. 192884, 1906), the salting liquor being used 
again in the absorption. The St'assfurt Chem- 
ische Fabrik (G.P. 129863, 1901) claims that an 
anhydrous cyanide containing 43'5% CN can be 
obtained by crystallising from a solution 
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containing the sodium and potassium salts in 
the ratio 2KCN:NaCN, whereas sodium 
cyanide gives the dihydrate. 

A considerable amount of work has been done 
on the interaction of gaseous hydrocyanic acid 
with solid sodium carbonate to give sodium 
cyanide : 

Na 2 C0 3 +2HCN ^ 2NaCN + H 2 0+C0 2 

In the earlier experiments, high temperatures 
(700-900°G.) were used, and the cyanide was 
the run from the reaction chamber in 
molten state (Roeder and Griinwald, G.P. 
134102, 1901. Tscherniac (G.P. 145748, 1902) 
worked at 450°C., and claimed to produce 
sodium cyanide of 98-99% quality. More 
recently attention has been paid to the physical 
form of the carbonate used, which greatly 
affects the speed of reaction and the strength 
of cyanide attainable in the solid product. 
E. Hene (B.P. 375636, 1931) recommends the 
use of the light form of sodium carbonate 
produced by calcining bicarbonate below 
500°C., and conducts the absorption of hydro- 
cyanic acid at 360°C. The Gesellschaft fur 
Kohlentechnik (F.P. 751191, 1932) describes 
the production of similarly reactive carbonate 
by dehydration of the crystalline hydrates under 
temperature conditions such that no solution, 
fusion, or fritting of the salt occurs. The H C N - 
fixation reaction is reversible, and the equili- 
brium 

*=[ HCN]*/[H f O][COJ 

precludes high percentage conversions of 
gaseous hydrocyanic acid, unless one or both 
of the gaseous reaction products, steam and 
carbon dioxide, are removed from the system. 
Thus A. D. Macallum (U.S.P. 1966253, 1934) 
describes the conversion of the hydrocyanic 
acid in the gaseous product of formamide 
dehydration (see Hydrocyanic acid, p. 495). 
into solid sodium cyanide by passing the gas 
over reactive sodium carbonate at 200-500°C., 
removing either or both of the gaseous by- 
products, water and carbon dioxide, and re- 
circulating the residual gas. 

6. From Nitrogen and Alkali Metal Carbonates. 
— Of the syntheses of alkali metal cyanides from 
elementary nitrogen the one which has achieved 
the greatest practical importance is the action 
of nitrogen on a mixture of alkali carbonate and 
carbon, generally in the presence of a metallic 
catalyst. The reaction is expressed by the 
equation : 

Na 2 C0 3 +4C+N 2 =2NaCN+3C0 

Such a synthesis may have been carried out by 
Scheele in 1783 (see “ Chemical Essays,” 1901, 
reprint, p. 288) when he noticed the formation oi 
ferrocyanide on fusing charcoal with alkalis, and 
was certainly used byL. Thompson (Mechanics 
Magazine, 1839, 31, 92) when he substituted 
atmospheric nitrogen for nitrogenous animal 
matter in the preparation of ferrocyanides. 
Thompson realised the importance of the 
presence of iron, which lowers the temperature 
necessary for cyanide formation. 

The first attempts to carry out the reaction 
on a technical scale were made by Possoz and 



482 CYANIDES. 


Boissiere (B P. 0983 of 1843) in Franco, and an 
account of further large scale experiments in 
England is given by Graham (Report of Juries, 
Exlnb. of 1851, 1, 93) Wood charcoal was 
soaked in a solution of potassium carbonato 
and dried to give n mixture containing about 
20% K.O, which was heated to a wlnto heat 
(probably 1,300-1,400*0 ) ns fire-brick vertical 
retorts. In order to supply as rapidly as 
possible the large quantities of heat necessary 
to attain this high reaction temperature, and 
to mako good the heat absorbed by tho endo 
thermic reaction (amounting to 64 5 cals, per 
g-mol of potassium cyanide produced), hot 
furnace gases (consisting of nitrogen and 
carbon dioxide) were drawn directly into 
the cyamsmg mass through slots in tho brick 
work of the retort by means of a suction applied 
at its upper end A bote the high temperature, 
cyamstng section of tho retort was a section in 
which the preliminary drying of the attained 
charcoal by the hot furnace ga»cs took place, 
and below it was a cooling section from which 
the cy anced product was w ithdraw n into ferrous 
salt solution for the production of ferro- 
cy amde The process failed financiaDy owing to 
high potash losses and tho short life of the 
retorts About one third of tho alkali and one- 
half of tho charcoal were cyanised 

Victor Alder of Vienna clearly recognised the 
three important conditions which contribute to 
tho successful operation of this process, namely, 
the catalytic action of iron (B P. 1004 of 18S0), 
tho intimato admixture of tho solid reactants, 
and the porosity of tho charge so as to admit of 
free access of nitrogen In B P. CC17 of 1881 
he describes tho preparation of tho charge by 
mixing charcoal with alkali and adding sawdust 
or other material, so that on heating tho mixture 
a porous mass results Tho catalytic metal may 
he added as such, or as oxide, or as a salt solution 
which will hydrolyse on heating to give a deposit 
of tho oxide, which in turn is reduced to tho 
metal under tho cynnisuig conditions The 
catalytic activity of iron (anil to a less extent of 
other metals) was studied bv Tduber (Bcr 189D, 
32. 3100; Chem. Ind. 1903, 26, 26) tho 
average conversion of alkali to cyuntde in theso 
experiments was only 10%, and tho maximum 
25%. 

Great progress in this cyanide synthesis was 
Bhown by the work of J. E. Bucher in America 
(Ind Eng. Chem 1917, 9. 233, BP 27713 
of 1912, 13332 and 23292 of 1914, 2286 of 
1915), with tho result that the process was 
commercially developed in that country during 
the later years of the War of 1914-18 Descrip- 
tions of small, eomi technical and full scale plant 
appear in the literature, and in addition to the 
article by Bucher mentioned Above, the following 
may also bo consulted Brown, Ind Eng 
Chem. 1919, 11, 1010; I)e Kay Thompson, 
Chem. Met. Eng 1922, 26, 124 , Chickenng, 
ibid. 1924, 31, 967). Carbon in the form of 
charcoal, by-product carbon made by ixtrac- 
tlng wood charcoal with caustic soda, or coke 
(which, how oxer, gives inferior results) and 
iron oxide (Fc s O s or Fe 3 0 4 ) arc separately’ 
ground to pass a 100 mesh sieve, then re- 
ground together and dry sodium carbonate 


added. The open grained structure required for 
easy access of nitrogen is obtained by briquetting 
the mixture ; tho powder is kneaded at 100'C. 
with water sufficient to form the monohydrato 
NajCOj.HjO, and tho paste extruded in the 
form of rods 1 in. long and J in. in diameter, 
which are dried immediately to prevent decs, 
hydrato formation. Tho proportions of car- 
bon, iron, and sodium carbonato in the mixture 
are from 2:2:1 to 2 : 2 : 2, tho greatest reaction 
velocity being obtained with the lowest sodium 
carbonate content. The reaction temperature is 
959-1, 000*0 , at which tho briquettes are 
slighty plastic : reaction does not occur below 
700°C. t and temperatures above 1,150*0. (the 
cutcctio of iron-carbon) should bo avoided, 
because fusion of tho iron particW diminishes 
their active surface Tho method of heating 
may bo externally by gas or electric power, or 
internally by using the hot charge itself as an 
electrical resistance. This last method is pre 
ferred by Bucher, since it affords a means of 
supplying tho necessary heat (including that of 
the endothermic reaction) at a high rate. Pure 
nitrogen or producer gas may be used as the 
source of nitrogen. According to Do Kay 
Thompson (i e.), tho results with producer gas 
arc inferior, and this may be duo to the rever- 
sibility of the reaction . 

Na,CO,+4C+N t 

=2NaCN+3CO— 138 5kg -cals 
Tho use of producer gas decreases tho partial 
pressure of nitrogen and increases that of carbon 
monoxide, displacing the equilibrium to the 
left. Do Kay Thompson states that the amount 
of nitrogen required for satisfactory results u 
three times the theoretical 

In a typical batch experiment, a carbon-iron- 
carbonate mixture of the composition 2: 2; l 
was heated in 13 minutes from 710* to 920°C. ra 
a current of nitrogen, and gave a product con 
taming 15 2% NaCN, corresponding to a 
92% conversion of carbonato into cyanide. At 
900-930 , 'C. some volatilisation of sodium 
evamdo occurs, so that the upper layers of a 
batch product ore richer in cyanide than the 
lower odos. 

The more recent work on this process for 
cyanide synthesis has been directed towards tho 
development of methods of preparing masses of 
porous, highly* reactive alkaliscd coke for the 
reaction, it is claimed that very porous and 
active briquettes are made by mixing aodium 
bicarbonate with coke and a small amount of * 
binding agent (such os sodium chloride) and 
heating to 300-400°C. (Mcntzcl, B P. 367698, 
1930; Battling, U.S.P. 1957129, 1934); the 
evolution of cat bon dioxide from tho bicarbonate 
gives the mass the necessary porosity. A 
further proposal is to start with raw carbonaceous 
matter (e g lignite or coal), which is mixed with 
sodium carbonate or bicarbonate and a binding 
agent, then briquetted and carbonised (Mcntwk 
G P. 547094, 1930; Alterum Kredit A. 0 . 
OP. 604418, 1932); carbonisation in tho 
presence of thd alkali confers upon the coke an 
enhanced reactivity It is claimed for activated 
masses of tlieso types that they can bo cyanvsen 
with nitrogen at temperatures as low as 830* 
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850°C., apparently in the absence of iron 
catalyst. It has already been mentioned 
that the Bucher process gives better results 
when the carbon and iron in the reaction mixture 
are in excess ; A. Mentzel finds for his non- 
catalysed cyanising process that it is advan- 
tageous to use a 25-33% excess of carbon, the 
excess being added in the form of granules of 
diameter not more than 3 mm., to provide 
porosity and contact surface (G.P. 614100, 1930). 

The fact that the cyanising reaction is rever- 
sible was proved by the experiments of Ferguson 
and Manning (Ind. Eng. Chem. 1919, 11, 946). 
These authors heated mixtures of charcoal 
(1 part), iron (1 part), and sodium cyanide or 
carbonate (3 parts) with a range of definite 
mixtures of nitrogen and carbon monoxide. The 
composition of the product was independent of 
the nature of the solid raw materials, but varied 
with the temperature and the composition of the 
gas. At 946°C. a gas containing 5% carbon 
monoxide gave a solid product with 75% of the 
alkali cyanised, and one containing 48% CO a 
product with only 27-5% cyanised. At 1,000°C. 
the first gas mixture gave 80% cyanisation, and 
the second 59%. Ingold and Wilson (J.C.S. 
1922, 121, 2278) took precautions to avoid 
errors due to the volatilisation of sodium cyanide 
at these high temperatures, and found that, in 
the range 850-950°C., the relation between the 
composition of the liquid phase (Na 2 C0 3 and 
NaCN) and the gaseous phase (CO and N 2 ) 
in equilibrium can bo expressed by 




31,180 


where x is the fraction of the sodium which is 
present as cyanide, p is the mol. fraction of 
nitrogen in the gas, and rt is the total pressure. 

The Bucher process was operated on a 
technical scale for a short time during 1918 
by the Government of the United States, whose 
plant is described by Brown (Ind. Eng. Chem. 
1919, 11, 1010). The retorts were stationary 
nichromo tubes heated by producer gas, each 
tube having a life of 11-14 days and producing 
about 74 Ib./hour of sodium cyanide. Pure 
nitrogen from an air-liquefaction plant was 
used for the cyanising. The recovery of cyanide 
from the product by lixiviation with water is 
attended with the danger of ferrocyanide 
formation, though Chickering (Chem. Met. 
Eng. 1924, 31, 967) describes such a method of 
obtaining anhydrous sodium cyanide from the 
product via the dihydrate. The method 
adopted at the plant in question was leaching 
with liquid ammonia under pressure. By this 
method unchanged alkali and carbon are left 
behind and can be reground with fresh raw 
materials for return to the retorts. Sodium 
cyanide of 92% purity was obtained from the 
liquid ammonia solution in the form of a white 
powder by evaporating off the ammonia in 
steam-heated evaporators, the ammonia loss 
being relatively low at 2 lb. per 100 lb. of cyanide 
made. A related process was worked between 
1923 and 1927 by the California Cyanide Co. of 
Los Angeles. The retorts, made of nichrome or 
other nickel-chromium-iron alloy (B.P. 199900, 
1922), were slightly inclined rotating tubes, 


15 in. in diameter and having a length of 
10 ft. heated to 950-l,050°C. (B.P. 202383, 
1922). The charge consisted of a finely ground 
and granulated mixture of 54 parts of coke, '44 of 
sodium carbonate and 2 of iron (B.P. 136750, 
1919), which passed down the tube in counter- 
current to the flow of nitrogen and was con- 
verted into a product containing 25-30% 
NaCN. As the primary object of this manu- 
facture was the production of hydrocyanic acid, 
the solid product was treated with moist carbon 
dioxide (U.S.P. 1385335, 1385336, 1921), which 
was passed through the solid spread out on 
perforated trays : 

2NaCN+H 2 0+C0 2 =Na 2 C0 3 +2HCN 

In carrying out this reaction it is necessary to 
diminish the time of contact of the hydrocyanic 
acid with alkali, in order to minimise its 
decomposition and polymerisation. The 
product gases were dried and the hydrocyanic 
acid condensed by cooling. If desired, the dry 
hydrocyanic acid may be converted into sodium 
cyanide by reaction with sodium carbonate as 
described under Alkali Metal Cyanides, 
p. 481. 

7. From Nitrogen , Alkali Metals, and Carbon. 
— The direct synthesis of potassium cyanide 
from its elements was first observed by Marchand 
(J. pr. Chem. 1850, 49, 351) in testing for the 
presence of nitrogen in cast iron and steel by 
Lassaigne’s method of heating the sample to 
red heat with potassium, extracting the product 
with water, and applying the Prussian blue test 
to the solution. Marchand found that, by 
repeated treatment of a sample of powdered 
iron, he was unable to exhaust the cyanide- 
forming reaction, and he showed that the 
cyanide was derived from gaseous nitrogen by 
carrying out the reaction in a closed tube con- 
taining nitrogen, which was completely ab- 
sorbed. Since he was unable to prepare 
Prussian blue from the mixture of iron and 
carbon obtained by heating ferric succinate or 
benzoate, Marchand concluded that the carbon 
must : b’e in chemical combination with the 
iron. At a later date, however, Remsen 
(Amer. Chem. J. 1881, 3, 134) showed that iron 
powder loses its catalytic activity when super- 
ficially oxidised by exposure to air, and this 
may explain Marchand’s failure with his 
simple mixtures of carbon and iron. Similar 
observations were made by Tauber (Bor. 1899, 
32, 3150).^ 

Bucher' in 1912 made use of the catalytic 
activity of iron in the synthesis of sodium 
cyanide from its elements (B.P. 11797 of 1913; 
U.S.P. 1082845, 1913; 1116559, 1914). The 
iron and the carbon are intimately mixed, and 
reaction with sodium and nitrogen proceeds at 
500-1 100°C. Bucher, like Marchand, believes 
that the iron acts as a solvent for the carbon, 
which is then capable of entering into reaction 
with sodium and nitrogen. In the cyanide 
synthesis from sodium carbonate (see previous 
section), Bucher postulates the initial formation 
from the carbonate and carbon of some metallic 
sodium, which is continually consumed by con- 
version into cyanide. This hypothesis makes 
the rate of cyanide formation dependent on the 
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rate of solution of solid carbon in solid iron and, 
in view of the extremely rapid formation of 
cyanide actually observed, is hardly acceptable. 

An early process of Castner (B.P. 12218 of 
1894), in which molten sodium was allowed to 
flow downwards over a column of red-hot 
charcoal in an iron vessel, while a current of 
nitrogen was passing upwards through it, did 
not use the catalytic influence of iron. Castner 
abandoned it in favour of his synthesis from 
ammonia and sodium (p. 479), but it was further 
investigated by the Hoessler and Hasslacher Co 
in America at a later date. They found that a 
mixture of sodium vapour and nitrogen reacts 
with charcoal in the absence of iron above 650°C., 
and that the speed of the reaction above 800°C. 
is great enough to mako the process com- 
mercially practicable (H. Philipp, Chem. 
Met. Eng. 1920, 22. 313; USP. 1249821, 
1017; 1235887, 1917; 1332439, 1020). Similar 
proposals are contained in G P. 368339, 1920, 
of llroch, who passes nitrogen under pressure 
through boding sodium, and heats the vapour 
and gas under pressure with carbon in presence 
of an iron catalyst above the melting point of 
sodium cyanide. 

These processes havo faded to displaco or 
compete with the established Castner process 
on account of the great progress which has been 
made in the manufacture of synthetic ammonia. 

8. From Carbides and Nitrogen — Many pro- 
posals have been made for the production of 
sodium cyanide from carbides and nitrogen 
They are all cither variants of or closely 
related to the technically important process by 
which crude calcium cyanide is made from 
calcium carbide and nitrogen through the 
intermediate compound calcium cyanamide, 
and are therefore described in the section dealing 
with this process (Alkaline Earth Cyanides, 
p. 487). 

Properties of the Alkali Metal Cyanides 
Potassium cyanide, KCN, crystallises in an- 
hydrous, colourless octahedra from aqueous 
solutions, or in cubes from the molten salt 
The specifio gravity of the solid is 1-52. It 
melt3 at a dull red heat, and volatilises without 
decomposition at high temperatures. It is 
readily soluble in water ; the saturated solution 
at 25°C. contains 71 2 g KCN per 100 g. of 
water (Bassett and Corbet, J.CS. 1924, 125, 
1660), and at the boiling-point (103 3°C ) 
122-2 g. per 100 g. of water. Dry ethyl alcohol 
dissolves 1-9 g. KCN per litre, methanol 30 g 
per litre at 25° (Thompson, U.S. Bur. Standards, 
J. Research, 1931, 6, 1051). It is moderately 
soluble m anhydrous ammonia ; according to 
Johnson and Krumboltz (Z. physikal. Chem 
1933, 167, A, 249), 4 55 g. of KCN dissolve in 
100 g. of ammonia at-33'9 0 . The salt 
deliquesces in moist air. 

When a mixture of potassium cyanide and 
soda limo is heated in air at 270°C., 23% of the 
cyanide is oxidised to nitrate; silver and 
nickel assist the oxidation catalytically, the 
yields of nitrate being 65 and 71% respectively 
with these metals. The oxidation of cyanide to 
cyanate by alkaline permanganate i3 accelerated, 
and secondary reactions are suppressed, by 
copper sulphate (Gall and Lehmann, Ber. 1928, 


61, [B], 070). Potassium cyanido reacts with 
tetrathionate in aqueous solution to form 
thiocyanate, sulphate and thiosulphate; the 
reaction velocity has been measured by Xshi> 
kawa (Z. physikal. Chem. 1927, 130, 73), and the 
effect of varying the p a value of the reacting 
solution by Forest! (Atti soo. ital. progresso sci 
1934, 22, No. 2, 263; Z. anorg. Chem. 1934’ 
217, 33) : 

S 4 0 # "+CN'+20H' 

*=» SjO/'-f S 0 4 "+ CN S'+ H,0 
This reaction is of physiological importance in 
connection with the use of tetrathionate as an 
antidote in cyanide poisoning. 

A phase rule study of the double salts of 
potassium cyanide with the cyanides of copper, 
sdver, gold and thallium has been made by 
Bassett and Corbet (J.C.S. 1924, 125, 1660), 
and with those of zinc, cadmium, mercury and 
nickel by Corbet (ibid. 1926, 129, 3190). 

Sodium cyanide, NaCN, crystallises from 
the molten salt in anhydrous, apparently cubio 
crystals. From aqueous solutions below 
35°C. large colourless plates of the dihydrate, 
NaCN,2H 2 O f are deposited. Joannis (Ann. 
chim. phys. 1882, [v], 26, 484) obtained a 
hydrate NaCN,£H a O from cold 85% alcohol. 
The dihydrate decomposes at 34 7°C. into 
the anhydrous salt and a saturated solution, 
about 40% of the sodium cyanido separating 
in tho anhydrous state. The solubility of tho 
dihydrato in water is as follows (in g. NaCN 
per 100 g. of water) : 

Temp °C. -20 0 20 34 7 

Solubility . 35 4 43 4 68 3 82 

The solubility of tho anhydrous salt is almost 
independent of tho temperature at 82 g. per 
100 g of water 

Dry ethyl alcohol dissolves 9 7 g. NaCN per 
litre, and methanol 78 g. per litre at 25° (Thomp- 
son, U.S. Bur. Standards, J. Research, 1931, 6, 
1051). Tho solubility in aqueous methanol 
is given below in g. NaCN per litre of 
solution : 

% Methanol by weight. 

Temp ‘C. 100 79 9 81 4 60 

16 G7 9 131 207 231 

31 63 3 142 — 272 

100 g. of anhydrous ammonia dissolve 114 5 g. 
of sodium cyanide at —12° to — 25°C. At 
lower temperatures a compound NaCN 6NH 4 
separates m large flat plates resembling the 
dihydrate. The solid ammoniate is in equili- 
brium with solutions of the following com- 
position (unpublished w-ork by T. Ewan): 

Liquid phase, g N»CN 
Temp. °C. per 100 g NH 4 

-31 57 7 67-7 

—32 43 75 

-33 40 80 

-34 34 83 

-39 21 — 

Sodium cyanide (0G%) melts at 640°C. Ingold 
(J.C.S 1923, 123, 885) has measured the vapour 
pressure at various high temperatures : 

Temp *C. 800 900 1000 1100 1200 1300 13W 
tap press , ... 

(mm.) 0 78 3 43 12 4 30 80-8 204 311 
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The boiling-point is 1,500°C., and the latent 
heat of evaporation 37 kg. -cals, per g.-mol. 
The pure salt, when heated in dry air free from 
carbon dioxide, is stable at temperatures up to 
370°C. Rapid oxidation occurs, however, in 
the presence of iron or nickel or their oxides, 
with formation of cyanate, carbonate and carbon 
dioxide. Sodium cyanate is the primary pro- 
duct, which is itself rapidly oxidised to carbonate 
and carbon dioxide in the presence of nickel : 

2NaCN0+30=Na 2 C0 3 +C0 2 +N 2 

R. Holtje (Z. anorg. Chem. 1933, 214, 65) has 
investigated the changes occurring in melts of 
sodium cyanide and sodium hydroxide. In the 
absence of water and oxygen, reaction only 
occurs above 500°C., and the products are 
carbonate, cyanamide and hydrogen. If a 
little water is present, decomposition starts 
at 300°C. with saponification to ammonia and 
formate, the latter being converted into 
carbonate and hydrogen. Nitrogen, carbonate, 
and nitrate are produced in the presence of 
oxygen. 

Sodium cyanide absorbs moisture from the 
atmosphere. It has been found to take up 
water from air which has been saturated with 
aqueous vapour at 20°C. at all temperatures 
below 44°C. Care is therefore necessary in 
taking samples of the salt for analysis. Dilute 
solutions of sodium cyanide slowly decompose in 
contact with air, the hydrocyanic acid formed in 
the solution by hydrolysis being lost by evapora- 
tion and thus allowing the decomposition to 
proceed further. Carbon dioxide absorbed from 
the atmosphere also displaces hydrocyanic acid 
with a similar result. At higher temperatures, 
for instance, during the evaporation of solutions, 
saponification to ammonia and formic acid may 
occur. Data on the rate of hydrolysis of 
potassium cyanide solutions under various 
conditions are given by Novalevitsch (Ukrain. 
Chem. J. 1934, 8, Wiss. tech. Teil, 226) 
and Wick (Quart. Rev. Amor. Electroplaters’ 
Soc. 1933, 19, No. 10, 20). When strong 
sulphuric acid is present, the formic acid 
initially produced by the saponification is 
immediately decomposed into carbon monoxide 
and water. 

In the presence of oxygen, sodium cyanide 
dissolves almost all metals with the exception 
of lead and platinum. In the case of iron, 
which Liebig found to dissolve in cyanide with 
production of ferrocyanide and hydrogen, it is 
necessary for the iron to be in a finely divided 
form, since iron vessels are used in the technical 
handling of hot, concentrated cyanide solutions 
without serious corrosion. Zinc is slowly 
dissolved without oxygen, but more rapidly 
when it is present. 

Uses of Sodium Cyanide . — The most extensive 
use of sodium cyanide is in the extraction of 
gold and silver from their ores, and this subject 
is dealt with under Gold Cyanides, p. 486. 
Another use of the alkali metal cyanides is in 
electroplating, which is mentioned under 
Silver Cyanide, p. 487. Other applications 
are as follows : 

(i) Case-hardening . — When a soft steel, usually 
containing about O' 16% carbon, is immersed in a 
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bath of fused sodium cyanide at 800-90Q°C., 
both carbon and nitrogen are taken up super- 
ficially in the form of a solid solution of the 
carbide, Fe 3 C, and the nitride, Fe 2 N, in y-iron. 
When the steel is cooled very rapidly this is 
changed into a supersaturated solution of these 
substances in a-iron, which is extremely hard ; 
the underlying metal remains unchanged. The 
composition of the hardened skin may be 
controlled by diluting the cyanide bath with 
sodium carbonate, a bath rich in cyanide giving 
a higher carbon content, and the thickness of 
the skin by varying the time of immersion ; 
1 hour at 900°C., for example, gives a penetration 
of 0-4 mm. (Beilby and Nelson, J.S.C.I. 1932, 51, 
149T). Bucher showed (Ind. Eng. Chem. 1917, 
9, 236) that the reversible decomposition of 
cyanide according to the equation 

2NaCN ^2Na+2C+N 2 

takes place in the presence of iron ; cyanide 
and pure iron give carbon and nitrogen by 
decomposition, which combine with the iron, 
whereas carburised iron with sodium and nitrogen 
gives cyanide. 

(ii) Froth Flotation . — In 1922 Sheridan and 
Griswold (U.S.P. 1427235, 1421585) showed that 
zinc blende and galena may be separated by 
carrying out the known froth flotation process in 
an alkaline solution containing sodium cyanide. 
Only 0-1-0-2 lb. of sodium cyanide per ton of ore 
is required to prevent the flotation of the zinc 
blende, that of the galena being unaffected. 
The process may also bo applied to the separa- 
tion of tho crystalline sulphides of copper and 
iron, cyanide acting as a depressant for the iron. 
A discussion of the mechanism of flotation is 
given by Brighton, Burgener and Gross (Eng. 
and Min. J. 1932, 133, No. 5, 276). The action of 
certain sulphur- containing compounds in pro- 
moting tho collection of minerals in the froth 
appears to bo connoctcd with their ability to 
form films of insoluble heavy metal salts at the 
mineral-solution-air interface, and the action of 
cyanide in destroying the collecting action is 
said to be due to the solvent action of cyanide on 
the collecting films. It is also suggested that, 
where pyrite is present, the formation of ferro- 
and ferri-cyanides may contribute to the depress- 
ing effect ; these compounds might become 
adsorbed at the surfaces, and might also change 
the polarity of ;the charge adsorbed on the 
sulphide surface. 

in. HEAVY METAL CYANIDES. 

In this section is given a brief account of the 
preparation and properties of the technically 
important heavy metal cyanides. 

Copper cyanide. — Thei only stable cyanide 
of copper is cuprous cyanide, Cu 2 (CN) 2 . 
When potassium cyanide is added to cupric salt 
solution, a brownish precipitate of cupric 
cyanide, Cu(CN) 2 , is first formed, which 
gradually evolves cyanogen and changes into 
green cupric cuproeyanide. On heating, this 
complex salt loses a further quantity of cyanogen 
and yields white cuprous cyanide, which 
resembles silver cyanide in constitution and 
reactions. It may also be produced by the 
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action of sodium cyanide on a solution of 
cnprous chloride in sodium chloride solution, 
when no cyanogen is lost. 

Cuprous cyanide is soluble in solutions of the 
alkali metal cyanides, about 2 5 mols. of KCN 
being required to dissolve 1 mol. of CuCN , 
the solutions contain the complex anions 
Cu(CN) a " and Cli(CN) 4 /w according to 
Kunschert (Z anorg Chem 1904. 41, 359), 
but Britton and Dodd (J.C.S. 1935, 100) 
were only able to find Cu(CN) t ', their conclusion 
being based on measurements of tbe HCN 
vapour pressure over the solution, the p B value, 
and the electrical conductivity of the solution. 
The complex anion is exceedingly stable, its dis- 
sociation into cuprous ions being so slight that no 
cuprous sulphide is precipitated from the solution 
by sulphuretted hydrogen For thi3 reason 
copper in the presence of oxygen, and all copper 
compounds, dissolv e readily m cyanide solutions. 
Solutions of sodium and potassium cupro 
cyanides are used in the electrodepoaition of 
copper on iron. 

Gold cyanides. — -Aureus cyanide, AuCN, 
is a yellow crystalline powder, insoluble in 
water and mineral acids, which is formed by the 
action of hydrocyanic acid on auric hydroxide, 
or by warming potassium ourocyamde with 
hydrochloric acid and evaporating the solution 
to dryness, washing the residue with water 
| It is readily soluble in solutions of tbe alkali 
and alkaline earth cyanides, giving complex 
aurocyamdes such as KAu(CN) s . A solution 
of the potassium salt is used for electroplating 
with gold, and may readily be made by pre- 
cipitating a solution of gold chlonde with 
ammonia and dissolving tbe fulminating gold m 
a solution of potassium cy aiude, or by precipitat 
mg gold chlonde with magnesia, dissolving out 
the excess of magnesia in the precipitate with 
nitric acid, and then dissolving the auric 
hydroxide in potassium cyanide as before 

Sodium aurocyamde is technically important 
because it is formed when finely divided gold is 
dissolved in a solution of sodium cyanide m the 
presence of oxygen or other oxidising agent : 
4NaCN+2Au+{O a + H a O 

=2NaAu(CN) a -f 2NaOH 
Gold is one of the noblest metals and comes 
below hydrogen in the electro potential senes. 
Hence when gold is m contact with water or 
acids, equilibrium in the reaction 

2Au+2H + ^2Au + +Hj 
is reached at infinitesimal concentrations of 
aurous ion. The effect of cyanide in causing the 
solution of some metals, for example, iron and 
copper, in water is due to the formation of little 
dissociated complex metal cyanide ions, which 
continually reduces the concentration of the 
simple kation and causes the dissolution reaction 
to proceed. In the case of gold, however, the 
equilibrium concentration of aurous ion is : 
so vanishingly small that the formation of 
aurocyanide ion is not in itself sufficient to 
promote the dissolution of the metal, even 
though the complex ion, as stated below, is 
extremely stable and Jittle dissociated. It is 
necessary, in addition, to remove tbe hydrogen 


liberated by the solution reaction, by having 
present an oxidising agent such as dissolved 
oxygen or hydrogen peroxide. Ionically, there- 
fore, the resction by which gold dissolves in 
abated cyanide solution may be represented as 
follows . 

2Au+4CN'=2Au(CN)/+20 

H,O+JO 8 +20=2OH' 

The dissociation of the complex aurocyamde 
anion into aurous and cyanide iori3 is very 
slight, and smaller than the dissociation of the 
complex silver and mercury cyanide ions Thus, 
although free gold la electro negative to both 
silver and mercury, and would be displaced by 
them from solutions of simple aurous salts, gold 
in cyanide solutions is electropositive to these 
metals, and displaces them from their solutions 
in cyanide. In the case of a more electro 
positive metal such as zinc, on the other hand, 
the difference in the solution tendencies of the 
free metals is too great for the stability of tbe 
complex aurocyamde ion to cause a reversal of 
the normal relation, and zinc readily displaces 
metallic gold from aurocyamde solutions with 
the formation of a complex zinc cyanide : 

2Au(C N) a '+ Zn ^Zn (CN)«"+2Au 
In tbe technical extraction of gold from its 
ores, the ground ore is leached with alkaline 
cyanide solution of approximately 0 05% 
strength, and the gold is precipitated from the 
resulting aurocyamde solution by treatment with 
zinc shavings or finely divided zinc dust There 
are frequently present in the ore quantities of 
iron, copper and zinc sulphides which increaso 
tbe cyanide consumption in the dissolution 
process by converting cyanide into complex 
cyanides and thiocyanate. In order to reduce 
the loss of cyanide by this degradation, it is 
advisable to use cyanide solutions of lower 
strength, but a limit to the reduction of strength 
of the leaching solution is set by the fact that it 
causes incomplete precipitation of the gold from 
the pregnant cyanide solution by the zinc In 
current practice at the reduction plants of tbe 
Rand goldfield, the cyanide consumption 
averages 0 25 lb. NaCN per ton of ore treated. 

Numerous proposals have been made for fbe 
recovery of the cyanide rendered unavailable by 
reaction with iron, copper, zinc and sulphur m 
tbe ore. Mills and Crowe (B P. 241669, 1924) 
would acidify the solution leaving the zinc boxes 
(after precipitation of the gold) with sulphur 
dioxide, and remove the hydrocyamo acid from 
it by a current of air. The hydrocyanic 
acid is re absorbed from the air in alkali. 
Leaver and Woolf (Amer. Inst. Min, Jfet 
Engs., Tech. Publ. 205, 1929) propose to acidify 
the solution and then to precipitate copper aDd 
zinc with sodium sulphide ; after the addition 
of lime to the filtered solution it is reused. 
R, M P. Hamilton describes a process whereby 
zinc sulphate is added to the barren solution, 
throwing down a mixture of zinc and cuprous 
cyanides, this is boiled with dilute sulphuric 
acid, liberating hydrocyanic acid which is 
absorbed in milk of lime for return to the 
cyanidation process, and regenerating the tioe 
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sulphate (Eng. and Mir.. J. 1932, 133, No. 1, 
53). In B.P. 416475, 1932, it is proposed to 
treat the gold-bearing cyanide solution with a 
cuprous salt, which gives a precipitate consisting 
essentially of cuprous cyanide and the cuprous 
salts of the complex cyanides of the precious and 
other metals ; this precipitate is treated with 
sulphuric acid to liberate hydrocyanic acid 
equivalent to all the complex cyanides, leaving a 
residue containing the precious metals and 
cuprous thiocyanate, from which the latter is 
removed by roasting to copper oxide and leach- 
ing with acid. The copper solution may be 
re-used in the process. 

Auric cyanide, Au(CN) 3 -HCN-1£H 2 0, is 
formed on treating potassium auricyanide with 
hydrofluosilieic acid. 

Mercuric cyanide, Hg(CN) 2 , is prepared 
by dissolving mercuric oxide in excess of hydro- 
cyanic acid and evaporating to crystallisation. 
It crystalh'ses in anhydrous, colourless crystals 
of sp.gr. 4-0. It is soluble in water to the extent 
of 93 g. per litre at 20°C., and 530 g. per litre at 
100°C. The solubility in ethyl alcohol is 10-1 g. 
per 100 g. at 19-5°C., and in methanol 44-2 g. 
per 100 g. at the same temperature. The 
electrolytic dissociation of mercuric cyanide in 
aqueous solution is extremely small, so that 
mercuric cyanide can be formed, for instance, 
by boiling mercuric oxide with Prussian blue; 
this shows that its dissociation is even less than 
that of the ferrocyanides into cyanide. It is 
not decomposed by caustic alkalis, and only 
gives hydrocyanic acid on boiling with strong 
acids. Sulphuretted hydrogen does, however, 
precipitate the extremely insoluble mercuric 
sulphide from its solution. The reaction of 
mercurous salts with cyanides yields mercuric 
cyanide and mercury, instead of the expected 
mercurous cyanide. On heating to 400°C., 
mercuric cyanide decomposes into mercury and 
cyanogen. 

Small quantities of mercuric cyanide are 
sometimes used in addition to alkali cyanide in 
the treatment of ores containing silver sulphide 
(Clennel, “ Cyanide Handbook,” London, 1910, 
p. 297). By its use the dissolution of silver 
sulphide is accelerated, probably owing to 
the formation of mercuric sulphide by the 
reaction : 

Hg(CN) 2 +Ag 2 S+2KCN 

= HgS+2KAg(CN) 2 

Silver cyanide, AgCN, is formed by pre- 
cipitation of silver salt solutions with hydro- 
cyanic acid, or alkali cyanide solution not in 
excess. It forms a white, cheesy precipitate 
which is stable to light. Its solubility in 
water at 25°C. is 4-4X 10 _G g.-mols. per litre, 
intermediate between the thiocyanate (less 
soluble) and the chloride. It is hardly attacked 
by cold, dilute nitric acid, but is decomposed 
quantitatively on boiling (Plimmer, J.C.S. 1903, 
83, 285). It is slightly soluble in an aqueous 
solution of hydrocyanic acid, forming the 
unstable complex acid H Ag(CN) 2 , and dissolves 
readily in alkali cyanide solutions to give alkali 
salts of this acid, which are very stable. The 
electrolytic dissociation of the complex Ag (C N )/ 
ion is so small that all silver salts, except the 


sulphide, are dissolved by cyanide solutions ; 
the sulphide and the free metal require the 
presence also of oxygen for their dissolution (see 
under Gold Cyanides, p. 486). The soluble 
salt KAg(CN) 2 is used for electroplating, 
fil lfilli ng the requirement of producing a 
tenacious deposit of the proper consistency by 
reason of the fact that its solutions have a 
very small concentration of free Ag+ ions ; 
to obtain the same conditions with simple silver 
salts, very dilute and highly resistant solutions 
would have to be used; The view is held that 
silver cyanide itself is to be regarded as the silver 
salt of the acid HAg(CN) 2 . 

On heating in the dry state, silver cyanide 
gives off about one-half of its cyanide in the form 
of cyanogen (CN) 2 , and on further heating in 
the presence of oxygen gives metallic silver 
containing some carbon. 

Zinc cyanide, Zn(CN) 2 , may be prepared 
by precipitating zinc acetate solution with 
hydrocyanic acid vapour. It is also formed by 
the action of hydrocyanic acid on zinc oxide, but 
is difBcult to prepare in the pure state owing to 
the ease of its partial decomposition by water. 
It is a white substance, insoluble in water but 
soluble in acids and in cyanide solutions. The 
dry salt decomposes only at a bright red heat. 

Complex cyanides, in which the zinc appears 
in the anion, are formed when zinc cyanide 
dissolves in alkali cyanide solutions. The com- 
plex zinc cyanide ions are much less stable 
than those containing copper, gold, silver and 
mercury, and zinc sulphide is precipitated by a 
small excess of alkali sulphide. The potassium 
salt, K 2 Zn (CN),, crystallises from aqueous 
solution in large, well-formed octahedra, the 
solubility of which is II g. per 100 g. of water at 
20°C. It is fusible at a red heat without 
decomposition. The sodium salt, NaZn(CN) 3 , 
21 H 2 0, is readily soluble in water. 

Barium platinocyanide, 

BaPt(0N) 4 ,4H 2 O, 

is made by electrolysing a solution of barium 
cyanide (270 g. per litre) between platinum 
electrodes with an alternating current at a 
current density of 0-4 amperes per sq. cm. About 
0-6 g. of platinum is dissolved per ampere-hour. 
After removing the excess of barium by means of 
carbon dioxide, the solution is concentrated to 
crystallisation (Brochet and Petit, Bull. Soc. 
chim. 1904, [iii], 31, 630). The salt crystallises in 
monoclinic prisms, which are yellow by trans- 
mitted, and violet- blue by reflected light. It 
dissolves in 33 parts of water at 16°C. By 
recrystallisation from a solution containing 
barium cyanide, it is obtained in small crystals 
which are highly fluorescent when exposed to 
X-rays, and are suitable for making fluorescent 
screens for X-ray work. 

IV. ALKALINE EARTH CYANIDES 

Technical Methods of Preparation. — 
1. From Carbides and Nitrogen. The direct 
absorption of nitrogen by the metallic carbides 
might be expected to yield cyanides, and a 
considerable amount of work has been done on 
the nitrogenation of carbides with the object of 
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cyanide production. The alkali metal carbides 
hare not been closely investigated, but Frank 
and Caro (B.P. 16066 of 1895) noted that they 
absorbed nitrogen at a “ dark red heat ” to form 
cyanides. It is possible that the formation of 
cyanide from alkali carbonate, carbon and 
nitrogen (see under Alkali Metal Cyanides, 
p. 481) may proceed by the primary formation 
from carbonate and carbon of a carbide, which is 
subsequently nitrogenated to cyanide, aa was 
first suggested by Hughes (Report of Juries, 
Exhib, of 1851, 1, 95). 

The absorption of nitrogen by the alkaline 
earth carbides has been extensively studied. 
Moissan (Compt. rend. 1894, 118, 603, 684) 
could find no appreciable reaction between pure, 
dry nitrogen and the pure carbides, except that 
the product from barium carbide yielded traces 
of ammonia on boiling with water In 1893 
Frank and Caro (B.P. 15066 of 1895) discovered 
that the impure carbides absorb nitrogen, that 
the product in the case of barium carbide 
consists largely of the corresponding cyanide, 
but that the result with calcium carbide was 
“ unsatisfactory.” Similar results were inde- 
pendently obtained at the same time by Wills on 
(B.P. 21997 of 1895), who suggested in the case 
of calcium that a more complicated nitrogen 
compound is formed. The fact that a large part 
of the combined nitrogen in nitrogenated calcium 
carbide (and a smaller part in the case of banum 
carbide) is in the form of a cyanamide salt was 
discovered by F Rothe, working under Frank's 
direction (Frank and Caro, B P. 25475 of 1898 , 
Rothe, Z angew. Chcm 1903, 16, 658). 

Frank and Caro’s first attempts at the 
technical production of cyanides were naturally 
made with barium carbide, which was finely 
ground and heated with pure nitrogen to 700°C 
A product containing about 11% of nitrogen was 
obtained, of which 30% was present as barium 
cyanide and the rest as barium cyanamide. In 
order to convert the cyanamide into cyanide, 
the material was heated with dry sodium 
carbonate and carbon, when the following 
reactions may have occurred : 

BaNCN + NajCO^BaCOj+NajNCN 
Na,NCN+C=2NaCN 
Proposals to obtain marketable sodium cyanide 
from this product by extracting the sodium 
cyanide with water, converting it into ferro- 
cyanide, and then fusing it with sodium by the 
Erlenmeyer process already described (p. 478) 
failed on economic grounds (Erlwein, V. Intern. 
KongTess angew. Chem., Berlin, 1903, I, 648). 
Attention was therefore tamed to calcium 
carbide, which absorbs nitrogen at about 
l,I00 o C., giving a product containing 20- 
23 5% nitregen, which is wholly in the form 
of calcium cyanamide, and about 12% of 
carbon ; 

CaCj+N^CaNCN+C 
(For details of the manufacture of calcium 
cyanamide, see Calcium, Vol, II, p. 219). 
When this product is heated with sodium 
chloride, tho cyanamide is largely converted 
into cyanide (Erlwein, 1 c. ; Erlwein and 
Frank, U.S.P. 708333 of 1902). Large-scalo- 


experiments were earned out up to 1914 in 
Germany with little success. Using 2-3 parts of 
salt and 1 part of cyanamide at a maximum 
temperature of 960°C., from 40 to 75% of tie 
nitrogen was obtained in the form of cyanide 
(Landis, Chem. Met. Eng. 1920, 22, 265). 
The technical failure was probably due to the 
short hfe of the furnace refractories, the use of 
unsuitable gas heating, and the occurrence of 
frothing in the mass due to the liberation of 
nitrogen. 

The technique of the process was considerably 
improved by I^ndis at a plant erected at Niagara 
by the American Cyanamid Co. Rationally 
designed furnaces were used with electrical 
heating, and the frothing referred to above was 
prevented by the addition of small quantities 
of carbide. The operating temperature was 
raised to 1,300 D C. with marked improvement of 
the yields (Eastman, U.S.P. 1282395, 1918), 
and the importance of quickly cooling the fused 
reaction mass was realised from the observation 
that a reversion of cyanide to cyanamido 
occurs between 400° and 700°C. (Freeman, 
U S P. 1282405, 1918). A mixture of 1 part of 
crude calcium cyanamide with 0 8 part of salt 
and 0 05-0 10 part of calcium carbide is fed into a 
single-phase electric furnace of the arc resistance 
type with conducting hearth and a single 
suspended electrode. The mixture fuses, and w 
run off almost continually into a pan m which an 
internally water-cooled drum rotates, taking up 
a thin layer of the fused material which solidifies 
and is scraped off m thin flakes The efficiency 
on nitrogen is approximately 90%, and the grey 
flakes or powder in which the product a 
marketed have the following analysis Ca(CN), 
45 0%, NaCI 31-9%, CaCI, 1 2%, SiO, 09%, 
Fe z O, and Al t O, 2 0%, CaCNj 1-8%. carbon 
2 8%, CaC. 1-9%, CaO 11 8%, CaS 0 9%. 

The mechanism of this cyanide forming re- 
action was at first imperfectly understood. The 
effect of salt in accelerating the transformation of 
cyanamide into cyanide is illustrated by the 
data of W. S. Landis (U.S.P. 1359257, 1920), who 
heated various mixtures of cyanamide and salt 
to. a temperature above 1,300°C., and then 
cooled them rapidly to below 400°C., with the 
following results : 


Pascal and Bemheim (Compt. rend. 1931, 192, 
1425) also found that the yield of cyanide at a 
given temperature increases with increase in the 
proportion of salt, though not markedly above a 
molar ratio NaCI/CaCN, of 2, The optimum 
proportion of charcoal was 0 2 parts to I of 
cyanamide, which corresponds closely with that 
actually present in technical crude cyanamide, 
These results might be explained by writing the 
fusion reaction as 

CaNCN+C+2NaCl«CaCl t +2NaCN, 

and Perret and Perrot (Compt. rend. 1933 , 197, 
764), who studied the reverse of tho above 
reaction, suggest that in the crude cyanide 
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obtained by the Landis process the cyanide is 
combined with sodium rather than with 
calcium. According to Freeman {Can. P. 229767, 
1923), however, the salt/cyanamide ratio in the 
initial mixture is without influence on the 
equilibrium yield of cyanide produced in the 
fusion, and the use of only half the quantity 
of salt required by the above equation is actually 
recommended. 

Landis (U.S.P. 1359257, 1920) had already 
shown that cyanide formation does occur in 
the absence of salt, and Franck and Neubner 
(Z. Elektrochem. 1934, 40, 693) investigated in 
detail the unassisted reaction between barium 
cyanamide and carbon, finding increasing 
cyanide production as the temperature was 
raised. In the case of calcium cyanamide the 
relationships are more complicated, and the 
presence of a flux, preferably a calcium salt 
such as the chloride or fluoride, is of great 
advantage. It appears reasonable to assume, 
with Franck and Burg (ibid. 1934, 40, 686), 
that the reaction occurring during the fusion is 

CaNCN+C^Ca(CN) 2 -38-5 kg.-cal., 

an endothermic reaction which goes further to 
the right at higher temperatures ( see also 
Franck and Bank, ibid. 1934, 40, 699). In 
addition, the slightly endothermio double 
decomposition, 

Ca(CN) a +2NaCM 

2NaCN+CaCI 2 -3-9 kg.-cal., 

of which the equilibrium will be little affected by 
temperature chango, may proceed to a small 
extent. On this view, the crude cyanide 
obtained from technical cyanamide by. fusion 
with salt consists essentially of a mixture of 
calcium cyanide and sodium chloride, a con- 
clusion confirmed by an X-ray analysis of the 
product carried out by Bredig (see Franck el al., 
Samml. chem. chem.-techn. Vortrage N.F. 
No. 6, 1931). The conclusion is also in agree- 
ment with the general properties of the product, 
such as its non-hygroscopic character (indicating 
the absence of calcium chloride) and the rate of 
its hydrolysis by atmospheric moisture to give 
hydrocyanic acid. 

Crude calcium cyanide is used in gold-mining 
and in fumigation, but cannot be used in the case 
hardening of iron and steel. It is at a general 
disadvantage compared with high-grade fused 
sodium cyanide on account of its relatively low 
cyanide strength, and efforts have been made 
both to convert it into a high-grade product and 
to modify the synthesis reaction so as to produce 
a high-grade product directly. Although the 
desired products are in most cases sodium 
cyanide, the processes are dealt with at this 
point, and not under Alkali Metal Cyanides, 
because of their basic derivation from the Landis 
process. 

In U.S.P. 1734562, 1929, Cooper proposed to 
recover sodium cyanide from the crude calcium 
cyanide by mixing it with sodium carbonate and 
dissolving the mixture in water to give a solution 
of sodium cyanide and sodium chloride, which 
was concentrated to a strength of 20% NaCN, 
and then cooled to — 15°C. to crystallise the 
dihydrate NaCN,2H s O. This was dried by 
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centrifuging, and converted by heating into the 
anhydrous salt, analysing 80-90% NaCN. 
This process has not been brought into com- 
mercial operation. 

An interesting variation of the Landis process 
is -provided by E. J. Pranke, who proposes 
(U.S.P. 2004130, 1935) to fuse calcium cyanamide 
with powdered sodium cyanide at 1,350-1,' 400°C. 
in an electric furnace ; as in the Landis process, 
the reaction CaNCN + C=Ca(CN) 2 occurs, 
but in the presence of sodium cyanide a stable 
double salt Na 2 Ca(CN) 4 is formed, which is 
preserved by rapid cooling. The product as it 
stands has a cyanide strength equivalent to 
80% NaCN and if desired can be converted 
into pure sodium cyanide by treating with 
liquid ammonia. Sodium cyanide is dissolved 
out, and can be recovered by evaporation of the 
solvent (U.S.P. 1947570, 1934), and calcium 
cyanide is left, and can be converted into the 
sodium salt by a method similar to that described 
in the preceding paragraph (see also B.P. 411177, 
1932). In several other patents (e.g. Canad.P 
319011, 1932), Pranke claims the production of 
the double salt from calcium carbide, sodium 
chloride, and nitrogen, a procedure which 
constitutes a combination of the cyanamide 
synthesis and the Landis cyanide fusion reaction 
in one step, giving a direct nitrogenation of 
carbide to cyanide. The direct nitrogenation of 
calcium carbide to cyanide at 1,240°C., with 4% 
of calcium fluoride as a flux, has been reported 
by Franck (Samml. chem. chem.-techn. Vortrago 
N.F. No. 6, 158), who obtained an 85% yield 
of cyanide (see also G.P. 588943, 1928). 

The use of sodium carbonate as a flux instead 
of sodium chloride is stated by Wohler, Krall and 
Dornhofer (Angew. Chem. 1934, 47, 733) to lead 
to the conversion of commercial calcium 
cyanamide into sodium cyanide, the reaction 
being : 

CaNCN+C+Na 3 C0 3 =CaC0 3 +2NaCN 

Whether sodium cyanide is formed during the 
fusion may be uncertain, but it is obvious that 
when the product is extracted with water, 
sodium cyanide solution will be obtained and 
calcium carbonate left behind. According to 
B.P. 437614, 1934, fusion of the mass is not 
necessary, as the reaction proceeds under 
suitable conditions at 600-1, 100°C., and the 
granular product is then more expeditiously 
leached with water. 

Considerable technical advantages are claimed 
by D. Hatt (Chim. et Ind. 1932, 28, 777) for a 
modification of the Landis process which has 
been investigated semi-technically in France by 
the UBines de Produits chimiques do Thann. 
The new process consists in the treatment of 
calcium cyanamide with a mixture of two 
substances which react strongly exothermically 
to give nascent carbon, e.g. calcium carbide and 
sodium carbonate (G.P. 480905). The production 
of carbon is said to proceed as follows : 

Na 2 C0 3 +2CaC 3 =Na 2 0+2Ca0+5C 
and the whole reaction thus : 

CaNCN+2CaC 2 +Na 2 C0 3 

=2NaCN+3CaO+4Q 
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The reaction Is exothermic, and starts at 450- 
600°C., after which the temperature rises 
spontaneously to 920°C. within 9 minutes. The 
crude product contains 20-22%NaCN, and 
sodium cyanide of 99% punty can readily be 
produced from it by extraction with liquid 
ammonia. The crude product of this process 
is remarkable in that its cyanide content is 
easily and quantitatively hydrolysed by steam 
at atmospheric pressure into b odium formate 
and ammonia 

So far as is known, none of these modifications 
to the Landis process has been developed com 
mercially, 

2. From Carbonates and Nitrogen . — It is 
evident, from the descriptions already given of 
methods of fixing nitrogen in the form of alkali 
and alkaline earth cyanides, that compounds of 
the alkaline earth metals are more suitable than 
those of the alkali metals for fixing atmospheric 
nitrogen and that, of the alkahne earth 
metals, the compounds of barium most readily 
form cyanides under *ne conditions necessary 
for nitrogen absorption Marguentte and 
A. L. de Sourdcval (B P 1171 of 1860, Compt. 
rend 1860, 50, 1100) discovered that a mixture 
of barium oxide and carbon readily absorbs 
nitrogen on heating, and gives barium cyanide. 
Ludwig Mond (B P 433 of \882 ; J S.C I. 
1889, 8, 505) also worked on this process, using 
a mixture of banum carbonate and excess of 
carbon briquetted with pitch cyanide forma- 
tion was appreciable at 1,200°C , and proceeded 
most readily at 1,400°C. The apparatus used 
was similar to that of Possos and Boissiere in 
their analogous process with sodium carbonate 
(see under Alkali Metal Cyanides, p. 481), and 
40% of the barium was cyanised. In each of 
the above cases the object of the experiments was 
tho production of ammonia. 

As in the technical practice of the Bucher and 
Landis processes, therefore, internal electrical 
heating is very suitable. Keadman developed 
such a process (B P, 6C21 of 1894), which was 
worked by the Scottish Cyanides Co. between 
1899 and 1907. Barium carbonate from a later 
stage was mixed to a thick paste with ground 
coal, dned and coked in ordinary gas retorts 
The granular mixture of banum oxide and coke 
so produced passed to a cylindrical electric 
furnace, the lower part of the wall forming one 
electrode and a central carbon rod suspended in 
the upper part of the furnace forming the other 
The solid mass was heated in passing downwards 
between the electrodes, and a current of producer 
gas containing 70% of nitrogen was passed 
upwards through the mass. The cooled product 
was lixiviated with water, and the solution of 
barium cyanide, cyanamide and hydroxide treated 
with Bodium bicarbonate. After filtering off the 
barium carbonate precipitate for return to the 
process, the sodium cyanide solution was 
concentrated tn vacuo, cooled to deposit crystals 
of NaCN,2H.O which were centnfugea and 
dehydrated by heating The Badische Amlin und 
Soda Fabnk also de\ eloped this process (C.P. 
190955, 1906), obtaining & fusion, product 
containing 00% of its fixed nitrogen as banum 
cyanide anil 40% as cyanamide. This was 
treated with acetylene at 600-800°C-, when the 


cyanamide was transformed into cyanide. An 
account of more recent work on the process m 
Sweden is given by Stllhane and Liandee 
(Ing. Vetenskaps Akad. Hand], No. 112 193J 
5-60). 

A considerable amount of work on the 
chemistry of this method of nitrogen fixation 
as cyanide has been done at lower temperature 
Bertelsmann (Technologic der Cyanverbind- 
vmgen, 1906, 83) has ascribed the ease of nitro. 
genation of barium compounds to their infusi 
bility, so that they remain solid and present a 
large surface to the action of nitrogen under 
the cyanising conditions. But although unde 
composed barium carbonate does not melt at 
1,350*0. (Finkelstein, Ber. 1906, 39, 1585), it* 
mixtures with barium oxide, which are ahuja 
formed at the high temperatures in question, are 
readily fusible. The formation of barium 
cyanide (m.p. about 600°C.) still further increases 
the fusibility of the reaction mixture, which must 
therefore in this process bo a liquid phase of 
variable composition. 

Kubhng and Berkhold (Ber. 1908, 41, 28) 
obtained 40% mtrogcnation of the barium m a 
mixture of barium carbonate and carbon at 
1,150°C., the reaction diminishing as the 
temperature was lowered and being extinguished 
at about 925°C Ewan and Napier (JSC.1 
1913, 32, 467) showed that nitrogen absorption 
which, as stated by Mond (l c.) depends on the 
two reversible reactions, 

BaCO,+ C ^ BaO-l 2CO-101 2 kg -cal 
BaO+3C+Nj *=i Ba(CN),+ CO-43 1 kg cal 
is therefore hindered by the accumulation of 
carbon monoxide, and favoured by the use of 
a large excess of nitrogen. In 2 hours at 960° C. 
they obtained 40% mtrogenation of tho barium 
when using a 28-fold excess of nitrogen. The 
pressure of carbon monoxide in equilibrium with 
pure barium carbonate and carbon js large 
enough to prevent the second reaction from 
proceeding to the right, but as the banum 
carbonate is diluted with barium oxide the 
equilibrium pressure falls to very low values 
It is therefore concluded that the greater part 
of the banum carbonate decomposes before sny 
cyanide is formed. Ewan and Napier obtained 
the same equilibrium product, at a given tem 
perature and gas composition, from starting mix- 
tures of BaCO,+ BaO+C and of Ba(CN),+ 
BaCN.+ C. Their results at temperatures of 
1,000°, 1,100°, and 1,I50°C. with vanOW 
mixtures of nitrogen and carbon monoxide 
appeared to indicate by extrapolation that the 
maximum quantity of banum which could 
combine with pure nitrogen was 60% at all the 
temperatures, but they obtained a product 
corresponding to 57 1% nitrogenation by heating 
for 82 hours at 1,100°C. with nitrogen containing 
only 01% carbon monoxide. 

A further equilibrium which must bo taken 
mto account is the decomposition of cyanide into 
cyanamide and carbon : 

Ba(CN)j ^ BaNCN+C 
This decomposition begins at about 500°C, 
and the equilibrium ratios of cyatiide/cyanaiDUie 
at temperatures from 600° to 90G°C. have been 
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measured by Franck and Neubner (Z. Elektro- 
chem. 1934, 40, 693), who find that only 3% 
decomposition of cyanide occurs at 900°C. 
According to Ewan and Napier, the presence of 
barium oxide in the melt has a disturbing 
effect on the equilibrium, so that the relative 
amounts of cyanide and cyanamide produced by 
the action of nitrogen on mixtures of barium 
oxide and carbon are very erratic. They do not 
consider that barium carbide can be an inter- 
mediate product, since the pressure of carbon 
monoxide present is always greater than the 
equilibrium partial pressure which they deter- 
mined for the reaction 

BaO+3C ^ BaC 2 +CO. 

Hempel (Ber. 1890, 23, 3388) and Stahler 
(Ber. 1916, 49, 2292) found that the formation 
of cyanide was greatly favoured by working 
under a nitrogen pressure of 60 atmospheres, 
Stahler obtaining a product containing 74% 
of barium cyanide with no cyanamide. Caro 
(Z. angew. Chem. 1910, 23, 2405) studied the 
effect of adding calcium and barium fluorides 
to the melt at 1,100°C. and 1,200°C. In no 
case was the barium nitrogenated to a greater 
proportion than 50%. 

At higher temperatures it appears that as 
much as 80% or more of the barium can be 
nitrogenated (Badische Anilin und Soda Fabrik, 
B.P. 2133 of 1907, 22039 of 1906; Kaiser, 
F.P. 454237, 1912 j 454238, 1913). Ewan and 
Napier suggest that, at temperatures above 
1,200°C. barium carbide may be an intermediate 
product, since by applying Nemst’s theorem to 
their measurement of the carbide-forming re- 
action mentioned above, they were able to cal- 
culate that the equilibrium pressure of carbon 
monoxide at 1,500°C. is 100 mm., and at 1,700°C. 
is 1,026 mm. These figures suggest that the car- 
bide could exist under the experimental condi- 
tions obtaining at these temperatures. In this 
connection it may be noted that Franck and 
Neubner (Z. Elektrochem. 1934, 40, 693) noticed 
tho formation of carbide, as well as cyanamide, 
on heating barium cyanide above 900°C. 

3. From Hydrocyanic Acid . — It is difficult to 
prepare pure anhydrous barium cyanide from the 
aqueous solution which is obtained by neutralis- 
ing baryta with hydrocyanic acid, owing to 
the ready hydrolysis of the salt. In the case 
of calcium cyanide, which is a technically 
valuable compound, the pure anhydrous salt 
can under no condition be prepared from aqueous 
solutions, the hydrolysis being assisted by the 
formation of the relatively insoluble calcium 
hydroxide. An impure technical anhydrous 
calcium cyanide may be made, however, by the 
interaction of calcium oxide and hydrocyanic 
acid, both in the anhydrous state. The Deuts. 
Gold-u.-Silber-Scheideanstalt describes, in G.P. 
555223, 1929, the preparation of a powdered 
product containing more than 40% Ca(CN) 2 
by treating powdered calcium oxide with boiling 
anhydrous HCN. The presence of 1-3% (by 
weight of the HCN) of an accelerator such as 
ammonia or water is recommended in order to 
minimise the loss of HCN by polymerisation. 
The reaction may also be effected in an inert 
medium such as diethyl ether, in which calcium 
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cyanide is insoluble. Similar proposals have been 
made by the Koessler and Hasslacher Co. 
(U.S.P. 1909042, 1933 ; 1950879, 1934). 

Franck and Freitag (Z. angew. Chem. 1926, 
39, 1430) describe a method of making calcium 
cyanide of 99% purity by the action of hydro- 
cyanic acid on a solution of calcium in liquid 
ammonia, when hydrogen is evolved and a 
precipitate of the diammoniate, 

Ca(CN) 2 ,2NH 3 , 

is produced. The same compound may also bo 
obtained by the action of HCN on a solution of 
calcium nitrate in liquid ammonia. It is 
stable in vacuo at 100°C., but begins to lose 
ammonia at 150-160°C., and is completely free 
from it after 2 hours at 180°C. Similar data are 
given by Poindexter in U.S.P. 1596120, 1926; 
1652874, 1927. A manufacturing process 

on these lines has been developed by the I.G. 
Farbenindustrie A.-G., and is described in B.P. 
300349, 1927. A calcium compound such as 
the oxide or nitrate reacts with hydrocyanic 
acid and ammonia in the presence of water to 
give small crystals of the diammoniate, which 
are dried by washing with an organic liquid 
taking up water and are then decomposed by 
heating to give a product of the following 
analysis: Ca(CN) 2 85-88%, Ca(OH) 2 8-11%, 
CaC0 3 1-0%, NHj 0-5%, which is used in 
fumigation. 

Another method of manufacture of calcium 
cyanide is described in Metzger’s B.P. 261722, 
1925, and in Ind. Eng. Chem. 1926, 18, 161. 
Liquid hydrocyanic acid reacts with calcium 
carbide according to the equation 

CaC 2 +2HCN = Ca(CN) 2 +C 2 H 2 . 

The reaction is carried out by stirring powdered 
carbide with excess of the liquid to complete 
the reaction, distilling off the excess and leaving 
a finely divided buff powder of the approximate 
composition Ca(CN) 2 ,2HCN, from which 
the hydrocyanic acid may be easily removed by 
heating in vacuo. According to Franck and 
Freitag (he.), the product from commercial car- 
bide contains not more than 55% Ca (CN) 2 with 
25% HCN, and after removing the hydrocyanic 
acid leaves impure calcium cyanide containing 
25-30% CN. 

Properties of the Alkaline Earth Cyan- 
ides. — Barium cyanide. Crystals of the 
dihydrate, Ba (CN) 2 ,2H 2 0, may be prepared 
by adding hydrocyanic acid to baryta in 
theoretical quantities, and evaporating the con- 
centrated solution in vacuo (Joannis, Ann. chim 
phys. 1882, [5], 26, 484). The evaporation may 
be avoided by drying pure Ba(0H) 2 ,8H 2 0, 
in vacuo at 100°C., and suspending the finely 
divided powder of anhydrous barium hydroxide 
in dry light petroleum to be treated with a 
small excess of dry hydrocyanic acid also mixed 
with light petroleum; the dihydrate then 
crystallises directly : 

Ba(0H) 2 -f2HCN = Ba(CN) 2 ,2H 2 0 

The dihydrate is very deliquescent, but may be 
converted into the amorphous monohydrate by 
drying in vacuo over sulphuric acid, and the 
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monohydrate in turn may be completely excess of liquid hydrocyanio acid (TJg.p 
dehydrated by gradual heating to I00°C. i» 1609038, 1926). The compound, which a 
Rie*o. Although barium cyanide is much more readily soluble in water but not in hydrocyanic 
stable than the other alkaline earth cyanides, acid, is precipitated and washed with hydro, 
it is difficult to avoid some hydrolysis during the cyamo acid and dried in vacuo at 40°C. for d 
above dehydration, so that the product often least 30 minutes. B P. 314242, 1928, mua 
contains 60me banum hydroxide, which can, mends the use of ethanol instead of water m the 
however, be removed by shaking the solid with preparation, since the compound is practically 
a small quantity of hydrocyanic acid and insoluble in this solvent and the use of a large 
petroleum and redrying, giving a practically excess of hydrocyanic acid is therefore avoided 
pure product. If methanol is used instead of Mg(CN),-2NH s is more stable than the 
petroleum in the above preparation, a com corresponding calcium compound, the ammonia 
pound, Ba(CN)(OCH 3 )+CHjOH is ob- being removed only by prolonged heating {» 
tsined, which on beating loses first methanol vacuo above 250°C. 
and then dimethyl ether, leaving 

BaO+Ba(CN) t V. HYDROCYANIC ACID. 

(Drechsel, J. pr. Chem. 1880, [n], 21, 77) Technical Methods of Preparation — 

Dry methods of preparation always yield j. From Perrocyonides.— Ferrocyamdes an 
mixtures of cyanide and cyanamide; for hydrocyanio acid on treating with dilute 
instance, by heating banum fenocyamde above sulphuric acid (Gattermann, Annalen, 1907, 357, 
600°C. or by the action of nitrogen on banum 3 18). Only one-half of the cyanide is thus 
carbide the Bame product, containing about recovered as HCN, however, owing to the 
60% of its nitrogen as cyanamide, u obtained formation of the relatively insoluble Eventt'i 
This is due to the equilibrium salt 

Ba(CN), BaNCN+C, 2K 4 Fe(CN) e +3H,SO- 

which has been studied, as already mentioned, — 6HCN+ ,Fe 2 (CN) # +3K,S04 

by Ewan and Napier (J S C.I 1913, 32, 467) Eventt’a salt can be incompletely reconverted 
and by Franck and Neubncr (Z. Elektrochem m to soluble ferrocyanide by boiling with 
1934, 40, 693). caustic soda (Erlenmeyer), the complete con 

Banum cyanide is a colourless solid, melting version requiring the assistance of simultaneous 
at 600°C. approximately, at which temperature oxidation with air, when Fe s O. or feme 
it is appreciably volatile. It is soluble in water hydroxide is precipitated instead of ferrotu 
to the extent of 80 g. per 100 g. of water at hydroxide (Groasmann, B.P. 36, cf. 4513, both 
14°C , and much less soluble in alcohol. of 1903). Dewrance and Williams (B.P. 28074 c! 

Calcium cyanide cannot be prepared in the 1008) obtain complete decomposition of alkali 
wet way. An aqueous solution of lime in forrocyamdea by distilling them with acid in the 
hydrocyanic acid decomposes almost completely presence of a small amount of cuprous chloride; 
on hollmg, and on evaporation in vacuo gives a the action is supposed to be due to the inter- 
crystalline compound, 3CaO 0a(CN)j,16H,O mediate formation of cuprous ferrocyanide 
(Joanius), which decomposes completely in a having the property, exceptional among ferro- 
vacuum, leaving only lime. Dry reactions at cyanides, of yielding the whole of its cyanogen 
high temperatures, on the other hand, yield only as hydrocyanic acid on decomposition with 
calcium cyanamide, for m the case of the calcium boiling dilute sulphuric acid. The decomposition 
compounds the cyamcle-cyanamide equilibrium of complex iron cyanides with steam in tbs 
is more in favour of the cyanamide. absence of acids is mentioned in F.P. 721762. 

Finely powdered calcium cyanide is rapidly 1931 . rapid removal of the hydrocyanic acid 
hydrolysed by atmospheric moisture, with fcnm the reaction, xnnn ia necessary in order to 
almost quantitative evolution of hydrocyanic avoid secondary decompositions 
ac ^ ; 2, From Thiocyanates . — The reduction of slk&h 

Ca(CN).+2H.O*=Ca(OH).+2HCN thiocyanates with hydrogen, when a part of 
the cyanide produced appears as hydrocyanic 
' On account of this property it finds use as a acid, has already been mentioned. With banum 
fumigant, which is applied to the space to be and cuprous thiocyanates (Conroy, Heslop and 
fumigated by blowing the fine powder as a Shores, J.S.C.I. 1901, 20, 320) the pnnnpal 
clond with air from a hand-operated fan The nitrogenous product is hydrocyanic acid, ana in 
hydrolytic decomposition is completed m a few the case of the cuprous salt, the reaction 
minutes. begins below 300°C. Roasiter, Crowther _*nj 

Magnesium cyanide has not been prepared, Albright (B.P. 4403 and 6226 of 1901) mi 
but is known in the form of a diammoniate cuprous thiocyanate with finely divided copper 
corresponding to the calcium compound. This and heated the mixture with hydrogen at 
compound was first obtained by Bergstrom temperatures rising from 150° to G50°C. Hyu w 
(J. Amer. Chem. Soc. 1924, 46, 1565) by cyamo acid was evolved and cuprous sulphide 
treating a solution of mercuric cyanide in iiquid formed. 

ammonia with magnesium. Olberg obtained it The most important method of converting 
by treating a saturated aqueons solution of thiocyanates into hydrocyanic acid is Raschea • 
magnesium nitrate or chloride (1 mol.) with xutnc acid oxidation process (B.P. 10-476, 109 -j 6. 
4-6 mob. of ammonia, and then with a large and 21678 of 1895; 19767 of 1893; I2I80 « 



CYANIDES. 


493 


1900), which has been operated on a com- 
mercial scale (Conroy, J.S.C.1. 1899, 18, 432). A 
15% sodium thiocyanate solution was allowed 
to flow into dilute nitric acid kept at the boiling- 
point by means of live steam : 

NaCNS+2HN0 3 =HCN+NaHS0 4 +2N0 

A slight excess of nitric acid was used in order 
to obtain a quantitative decomposition. The 
gases leaving the decomposer were scrubbed 
with a limited amount of water to remove 
traces of N 2 0 3 , the wash water being returned 
to the decomposer. The 33% of HCN in the 
resulting gas was actually removed by absorption 
in caustic soda solution of sp.gr. 1-37, avoiding 
the presence of an excess of hydrocyanic acid 
owing to its tendency to form polymerisation 
products in the presence of cyanide, and the 
cyanide solution evaporated to dryness in 
vacuo. A 96-99% yield of HCN is claimed. 
The nitric oxide remaining was mixed with air 
and the mixed gas scrubbed in flint-packed 
towers with water, giving a nitric acid solution 
of Bp.gr. 1-12 which was returned to the system. 
Two more recent patents of the Gesellschaft fur 
Kohlentechnik (B.P. 356190 and 356724, 1929) 
describe a similar process starting from 
ammonium thiocyanate, a readily available by- 
product from gas works. 

3. By the “ Schlempe ” Process . — The juice of 
the Bugar beet contains both inorganic and 
organic substances other than sugar, and these 
substances accumulate in the molasses. In 
Germany, the greater part of the molasses 
produced is treated with strontia, which 
combines with the sugar to form an insoluble 
sucrate. The liquid residue from this pre- 
cipitate, which contains the impurities of the 
original juice in concentrated form, is known as 
“ schlempe,” and is concentrated to a sp.gr. of 
1-4. It then contains 75% of dry substhnees, 
of which 30% are inorganic (mainly potassium) 
salts and the rest organic substances. It 
contains about 4% of nitrogen in the form of 
betaine, 

CH, — CO 

I \o 

N(CH 3 ) 3 / 

and decomposition products of the vegetable 
proteins. A small part of the molasses which is 
not treated by the strontia process is fermented 
to alcohol, and the residue from this fermenta- 
tion is known in France as “ vinasses.” When 
“ vinasses ” are distilled at 700-800°C. in 
horizontal iron retorts, vapours containing 
ammonia, the three methylamines, various 
higher alkylamines, methanol and combustible 
gases are evolved, and a solid mixture of 
potassium carbonate and carbon remains 
behind (Duvillier and Buisine, Ann. chim. phys. 
1881, [5], 23, 289 ; Ost, Z. angew. Chem. 
1906, 19, 609). Vincent worked this distillation 
process in 1877-1880 for the preparation of 
methylamines, and in 1879 Ortlieb and Muller 
developed a process for converting the methyl- 
amines into hydrocyanic acid, ammonia, 
methane and hydrogen by passing their vapours 
through a red-hot retort. This process was 
operated by the Societe Anonyme de Croix 


(B.P. 3844 of 1879), the ammonia being absorbed 
in sulphuric acid and the hydrocyanic acid 
converted into ferrocyanide by treatment with 
a suspension of ferrous hydroxide in caustic 
potash. The manufacture of methylamines 
was abandoned in 1881 for want of a market, 
and with it the subsidiary production of 
cyanides. 

The production of hydrocyanic acid from 
“ schlempe ” was put on to an economic basis 
by Bueb ( see Beiehardt and Bueb, B.P. 7171 of 
1895 ; Bueb, B.P. 26259 of 1898), who cut out 
the int ermediate separation of the methylamines 
and passed the “ schlempe ” distillation products 
directly to the cyanising furnace. Bueb’s 
process (Muhlert, Chem. App. 1925, 12, 156) is 
worked at the present time as follows: the liquid 
“schlempe ” is run into a horizontal retort of the 
gas works type made of highly aluminous fire- 
clay and heated by the residual gas formed in the 
process. The pasty carbonaceous residue has to 
be scraped out of the retort by hand, and is 
then lixiviated to recover potassium carbonate. 
The gases, after condensation of tar in a 
hydraulic main, pass directly to the cyanising 
chambers, which are filled with fire-brick 
checker-work. During the cyanising, which is 
carried out at above 1,000°C., carbon is deposited 
on the brickwork and the temperature falls; 
reheating is carried out by direct firing with 
producer gas, when the carbon deposit is burnt 
off. Two such chambers are therefore used 
alternately, one being reheated whilst the gases 
are being cyanised in the other. The cyanised 
gas contains 7% HCN, 7% NH 3 , 8% hydro- 
carbons (mainly methane), 12% H 2 , 18% CO, 
24% C0 2 , and 24% N 2 . It is "cooled and 
scrubbed -with hot dilute sulphuric acid to 
remove ammonia. The hydrocyanic acid is 
then removed by water scrubbing in a 24-plate 
bubble cap column, a 2-3% aqueous HCN 
solution being obtained. This is distilled 
through a fractionating column having 11 plates. 
The hydrocyanic acid leaves the top of this 
column as a concentrated gaB. 

In the early days of the process, the hydro- 
cyanic acid was worked up into ferrocyanide 
by the wet process for HCN -recovery from coal 
gas (see Ferrocyanides, p. 468). At the 
present time, however, it is converted into 
relatively pure briquetted sodium cyanide by 
the method described under Alkali Metal 
Cyanides, p. 481. Of the nitrogen in the 
“schlempe,” about 45% is recovered as sodium 
cyanide, 20% as ammonium sulphate, and 35% 
is lost as elementary nitrogen. 

The decomposition of monomethylamine at a 
red heat into hydrocyanic acid, ammonia, 
methane and hydrogen was noted by Wurtz 
(Ann. chim. phys. 1850, [iii], 30, 443), who 
established the following equation : 

3CH 3 NH 2 =2HCN+NH 3 +CH 4 +3H 2 

The behaviour of di- and tri-methylamines under 
similar conditions, when passed through heated 
porcelain tubes containing broken porcelain, 
firebrick or charcoal, has been studied by 
Voerkelius (Dissertation, Hannover, 1909). The 
formation of hydrocyanic acid from dimethyl- 
amine begins at 600°C., and between 800° and 
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1,100°C. quantitative decomposition according 
to the equation 

NH(CH 3 ) 3 =HCN+CH t +H 3 
Occurs, Increasing dilution of the dimethyl- 
amine vapour 'with hydrogen leads to the 
production of ammonia by the reaction 
NH(CH,) s + 2H*=NH,+2CH 4 
With a gas containing 50% hydrogen hardly 
any ammonia is formed, but with 97% hydrogen 
no hydrocyanic acid is produced Similar 
results were obtained with tnmethylaraine, 
which at temperatures between 800° and 1,000*0 
decomposes to the extent of 98% according to 
the equation 

N(CH,),=HCN+2CH t . 
and 2% according to 

N{CH,)j+ 3H,-.NH 3 +3CH 4 
Within the above temperature range, the 
results are not much affected by changes 
m the time of contact or the amount of heated 
surfaco exposed to the gas But at higher 
temperatures, or in the presence of iron or 
refractory materials at longer times of contact, 
considerable decomposition of the hydrocyanic 
acid into its elements occurs At 600°C no 
decomposition of the tnmethylamine occurred to 
give hydrocyanic acid, and at 720°C the yield 
mas only 78% 

The Deuts GoId-u.-Silber Scheideanstalt vorm 
Rocssler (F P. 447725, 1911, and 448722, 1912) 
claim that, by passing the “ schlempe ” gases at 
high velocity through heated passages made of 
fused quartz or of Dinas brick without filling 
material (thus having the smallest possible con 
tact surface), the whole of the nitrogen is 
obtained as ammonia or hydrocyanic acid 
According to G P 420729, 1924, the salts of 
tnmethylamine, betaine and hexamethylene- 
tetramine (especially the hydrochlorides) give 
hydrocyanic acid on heating in greater yield 
than is obtained from the free bases, betaine 
hydrochloride giving 70-80% of the theoretical 
quantity of HCN as compared with 50-60% 
obtainable from betaine itself 
4 From Ammonia and Carbon Monoxide — 
The production of hydrocyanic acid from carbon 
monoxide and ammonia by heating them in the 
presence of spongy platinum was first noticed by 
Kuhlmann (Annalen, 1841, 38, 62) Jackson 
and Laurie (J.CS 1905, 87, 433), working with 
the dry gases, were unable to confirm this 
observation, their only products on sparking 
treating by the silent electric discharge, or in the 
presence of a heated platinum wire being 
ammonium cyanate and hydrogen ■ 

CO+2NH 3 <=NH,CNO+H 2 
Mailhe and deGodon (Bull Soc chim. 1920, [if], 
27, 737) found that alumina catalysed the 
production of hydrocyanic acid at 400-420°C, 
a rapid reaction occurring at 550°C 

co+nh 3 =hcn+h,o 


thona and alumina (Badisehe Amlin nnd Kmt, 
Fabrik, B.P. 220771, 224438, 1923: I G. Fat 
bemnd. A.-G., B.P. 300369 ; Deuts. Gold-o. 
Silber Scheideanstalt vorm. Roessler Bp" 
207830, 223918, 1922 ; Bredig and Eldd, BP 
229774, 229973, 1923; G.P. 522532- USP 
1598707, 1926 ; 1634735, 1927 ; Frank and Caro' 

B P. 282379, 1926 ; 301093, 1927 • Gp 
611726). 

Further information on the catalytic reaction 
is given m the technical literature by Bredig and 
Elod (Z Elektrochem. 1930, 36, 1003; 1931, 
37, 2), who worked with alumina, cena and 
thona at 500°, 600°, and 700°C and at reaction 
times of 1-12 seconds With a gas containing 
20 volumes of carbon monoxide and V o! 
ammonia, a contact time of 1 second at 700°C 
with alumina gave a 65% yield of hydrocyanic 
acid from the ammonia, and 14% of the 
ammonia was lost by decomposition ; with a 
volume ratio of 1 0CO . 1 N H, under the same 
conditions, the HCN yield was 48% Fuchi 
and Verbeek (Ind Eng. Chem 1935, 27, 410) 
describe the production of an active alumina 
catalyst, probably m the form of a gel, by 
precipitation of aluminium hydroxide from 
aluminium salt solutions and drying the pro 
cipitate under controlled conditions With this 
catalyst at 590°C , a gas mixture of imt*l 
composition 9 C O 1 N H a gave a 54% conversion 
of ammonia into hydrocyanic acid with a contact 
time of 1 second 

Yields of this magnitude are surprising in 
view of the ease with which the reverse reaction, 
the hydrolysis of hydrocyanic acid to ammonia 
and carbon monoxide, can be carried to com 
pletion by heating with steam and a catalyst 
such as broken brick, iron oxide or manganese 
dioxido {see Carpenter and Linder, J 8 C I 
1905, 24, 63). The explanation is probably to Is 
found in the reduction of the partial pressure of 
steam by the operation of the water gas 
equilibrium, 

•CO+HjO^COj+Hj, 
for w hich the equilibrium constant 
[C O] [ HjO]/ [C 0 2 1 [H j] 

at 600°C. is 0 35 Bredig and Eldd (Z. Eiektro 
chem. 1930, 36, 1003) find that the use of an 
cxcpss of carbon monoxide produces a greater 
increase in the HCN yield than a corresponding 
excess of ammonia, which is in harmony with 
the abo\ e explanat ion. The reaction mechanism 
when cena is used as the catalyst is discussed in 
Z Elektrochem 1931, 37, 2 
The separation of the hydrocyanic acid from 
tho reaction mixtures offers difficulties, since 
unchanged ammonia and carbon dioxide »re 
present in the gas Many of tho methods j 
described under Alkali Metal Cyanides, p *W, 1 

are applicable, and in addition it has been 
proposed (1) to freeze out ammonium cyanidf 
(G.P. 444504, 1922), (2) to treat the ammom* , 
and carbon dioxide with calcium sulphate *n° ' 

water 


Many catalysts have since been proposed in the CaS0 4 +2NH 3 +C0 2 + H 2 0 

patent literature, the most important being' =CaC0 2 4- (NH ( )jSO ( 


CYANIDES. 


495 


as in a technical method for the manufacture 
of ammonium sulphate (U.S.P. 1606767), and 
(3) to absorb the hydrocyanic acid in active 
charcoal or silica gel. An interesting adaptation 
of the reaction to the direct production of fused 
sodium cyanide has been proposed in B.P. 
301565, 1927, and in U.S.P. 1955229, 1934; 
a mixture of ammonia and carbon monoxide is 
caused to react with sodium hydroxide, carbon- 
ate, sulphide or other salt at 580-650°C. 

5. From Formamide . — Hydrocyanic acid can 
be obtained by the catalytic dehydration of 
formamide : 

H'CO-NHj=HCN + HjO 

Formamide itself may be prepared by the 
following methods : 

(а) From formic acid and ammonia, which 
give ammonium formate. On distilling am- 
monium formate, water containing small quan- 
tities of ammonia and formic acid is first given 
off, and at 180°C. the distillation of formamide 
begins. As the temperature is raised to 220°C., 
increasing quantities of carbon monoxide are 
evolved. The reactions occurring are : 

h co onh 4 -> h-co-nh 2 +h 2 o 

H CO'ONH, H'CO'OH+NHj 

-j- h 2 o+co+nh 3 

Experiments on this decomposition are described 
by Lorin (Annalen, 1864, 132, 255) and by 
Freer and Sherman (Amer. Chem. J. 1898, 20, 
223), who recommend that the dehydration be 
carried out in an atmosphere of ammonia. 
The use of dehydrating catalysts such as bauxite 
for the vapour phaso reaction at 170°C. is pro- 
tected by tho Badische Anilin und Soda Fabrik 
in B.P. 237528, 1925). 

(б) From alkyl formates and ammonia, the 
reaction having been discovered by A. W. 
Hofmann (J.C.S. 1863, 16, 72), who saturated 
ethyl formate with ammonia and heated it in a 
sealed tube at 100' , C. for 2 days. Alkyl formates 
are produced by treating solutions of sodium 
alkoxides in the corresponding alcohols with 
carbon monoxide under pressure (Stiihler, Ber. 
1914, 47, 580) : 

CO+NaOMe=Na-CO-OMe 

HOMe-f-Na-CO-OMe 

= H-CO-OMe+NaOMe 
At the ordinary temperatures the reaction is 
slow, but goes to complete ester formation on 
prolonged treatment with carbon monoxide at 
300 atmospheres ; at 190°C., however, only 4% 
of the alkoxide reacts. Similar results were 
obtained by Fischer and Tropsch (Ges. Abh. 
Kennt. Kohle, 1921, 6, 382), using sodium 
formate as catalyst, and by Christiansen (J.C.S. 
1926, 129, 418) on passing a mixture of carbon 
monoxide and methanol vapour over sodium 
methoxide at 70-100°C., high pressures and 
low temperatures favouring the formation of 
ester. According to B.P. 252848, 1925, when 
methanol containing 10 g. of dissolved sodium 
per litre is heated to 80°C. with carbon monoxide 
at 60 atmospheres, 75% of the alcohol is con- 
verted into methyl formate in 3 hours, whilst 
at 1,000 atmospheres the reaction is complete in a 
few minutes. 

The manufacture of formamide by this 


reaction is described in B.P. 240087, 1925. 
Methyl formate is first made by dissolving sodium 
in methanol and treating the solution with 
carbon monoxide as above. The product is 
then treated with ammonia at 60°C. and 150 
atmospheres. B.P. 254787, 1925, describes a 
vapour phase method by which methyl formate 
vapour is passed with ammonia over a dehydrat- 
ing catalyst such as alumina, thoria or silica gel 
at 200-300°C. with a short time of contact : at 
higher temperatures or with longer contact 
times the principal product is hydrocyanio acid. 

(c) From ammonia and carbon monoxide 
directly. K. H. Meyer and Orthner (Ber. 1921, 
54, [B], 1705) obtained some formamide, 

together with ammonium carbonate, formate, 
and cyanide, on heating a mixture of carbon 
monoxide and ammonia at 200°C. and 230 
atmospheres in the presence of earthenware. A 
similar process is described in B.P. 203812, 1922, 
but is not of technical interest owing to the pre- 
dominance of Bide reactions. The process 
described in B.P. 240087 above may be carried 
out by introducing the ammonia and carbon 
monoxide simultaneously into the sodium- 
methanol solution under the stated conditions, 
when it would fall under this head. The R. and 
H. Chem. Co. describe, in U.S.P. 1787483, a 
similar reaction at e.g. 70°C. and 17 atm. 

The dehydration of formamide to yield hydro- 
cyanic acid will obviously require temperatures 
higher than 200°C., since formamide itself is 
produced by dehydration of ammonium formate 
at that temperature. From thermochemical 
data it may be calculated that the reaction is 
endothermic, the equilibrium therefore favouring 
HCN-formation at high temperatures, and it 
proceeds with an increase in gas volume, so that 
the yields of hydrocyanic acid are greater at 
lower pressures. The variation of the equilibrium 


. , , / [HCN][H 2 0]\ ... . 

constant k p ^ |\JH ] / wl *“ tem P era ' 

ture is given by the relation 


log k p =~ 


23380 

4-571T 


+ 1-75 log T— 


00046 

4-571 


T+3-5, 


the partial pressures of the components being 
expressed in atmospheres. From this relation, 
the percentage conversion of formamide to 
hydrocyanic acid at equilibrium at various 
temperatures and under total pressures of 1 
and 0-02 atmospheres may be calculated as 
follows : 


Temp. °C. 

Percentage com ersion. 

1 atm. 

0 02 atm. 

200 

8-8 

53-1 

300 

25-0 

87-7 

350 

— 

97-3 

400 

77-8 

99-4 

500 

90-7 



600 

99-4 

— 


Under favourable conditions the yields obtained 
in practice approximate to those calculated. 
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In the technical practice of this theoretically 
very favourable reaction for the production of 
hydrocyanic acid, several difficulties arise. It 
is found that liquid formamide near its boiling- 
point decomposes rapidly, though the vapour 
is relatively stable. For this reason it is 
necessary that the liquid be kept at its boiling- 
point for the shortest possible time, and the 
I G. Farbenind. A.-G. propose to obtain vaporisa- 
tion without decomposition by dropping the 
liquid (preferably under reduced pressure) on 
to a superheated eurfaco kept considerably 
above 216*0 , eo that vaporisation is immediate 
and no liquid accumulates in the evaporator 
(B.P. 301074, 1927). Side reactions may 
occur during the dehydration, the most impor- 
tant being the reaction of hydrocyanic acid with 
steam to give carbon monoxide and ammonia. 
The use of catalysts which accelerate formamide 
dehydration but which do not favour the 
secondary decomposition la therefore of 
advantage. The most important catalysts are 
alumina, thona and zircoma, especially after 
pre-beating to 1,000*0 to reduce tbeir activity 
in promoting HCN-decomposition (B P 305816, 
1928), and certain metals such as brass and 
steel (U.S P 1675366, 1928, and I95I520, 1934). 
The beneficial effect of working under reduced 
pressure (B.P. 269166, 1926, and 261557, 1925), 
or with formamide vapour diluted with ammonia 
(B.P. 233080, 1924), is also mentioned 

Tha last technical problem presented by this 
process is the supply of the heat quantities 
necessary to maintain the endothermic reaction 
at the high space velocities employed. Heat 
transfer is probably aided by the use of metaiko 
tubes filled with metallic catalyst as reaction 
chambers (G P. 477437, 1926), and Can. F. 
285200, 1928, describes a reaction chamber 
having brass walls heated to a temperature 
above 300°C , no portion of the formamide being 
more than half an inch from the heated walls 
A further method of obtaining rapid heat 
supply is to pass the vapour of formamide 
through a bath of fused metal heated to 300- 
600°C. , GP. 561816, 1930, claims 70-85% 
yields of hydrocyanic acid by this method 
Finally, it is claimed ui B P 292749, 1927, that 
an alumina catalyst may be deposited on a wire 
gauze winch can he heated electrically during 
the passage through it of formamide vapour. 

6. From Ammoniaand Hydrocarbon *. — Hydro 
cyanio acid is produced by a large variety of 
gaseous reactions between ammonia and carbon 
compounds. Since the synthesis of HCN 
from its elements is highly endothermic, these 
reactions are generally favoured by high 
temperatures, and the reaction temperature 
required for HCN formation rwes in passing 
from the moat unsaturated hydrocarbon, 
acetylene, through ethylene to the completely 
saturated methane. With the unsaturated 
hydrocarbons, catalysts may usefully be 
employed to accelerate the cyanisation at 
temperatures between 500° and 900°C , but with 
methane very high temperatures are required 
(above 1,000*0.), and very short times of contact 
must he used in order to minimise loss by 
secondary decompositions. Equilibrium is never 
attained, and in general the use of catalysts i3 


inadvisable, since under the severe conditions 
they are more likely to accelerate the unwanted 
side reactions than the cyanide synthesis. The 
following paragraphs give an account of the 
development of thi3 method of cyamsag 
ammonia, and of the modifications of and im- 
provements in the simple reactions which bars 
been proposed in order to overcome the 
technical difficulties involved. 

(а) Acetylene and Ammonia, when passed 
over bauxite, hydrated ferric oxide, or the 
chlorides of zinc, iron, etc, at temperatures 
between 300° and 450*0.. give condensation 
products such as acetonitrile (G.P. 387962, 
1916), pyridine and its homologues (Q p’ 
382091, 1920), and the ethylamwes (B I\ 
283163, 1927). When metallic catalysts at 
higher temperatures are used, far example, 
copper in the form of a wire net at 480°C, 
hydrocyanic at id is the principal product if the 
acetylene is in large excess (Beindi, USP. 
1444457, 1915). Bredig, Eldd and Demme (Z. 
Elektrochem. 1930, 36, 991) used a catalyst 
of pure alumina, and with equal volumes of 
acetylene and ammonia at 800°C. and contact 
times of 1-4 seconds they found 28% of the 
ammonia converted into hydroeyamo acid, 
60% unchanged, and 12% decomposed. Much 
of the acetylene was decomposed into carbon or 
was polymerised. Uamg excess of ammonia, 
the acetylene could be fairly completely con 
verted into hydrocyanic acid According to 
Bredig, Elod and Demme, the reaction is 
C,H a +2NH a =2HCN+3H t . The uso of an 
alumina catalyst for the formation of hydro- 
cyanic acid from ammonia and either acetylene 
or benzene is mentioned in G.P. 555056, 1927. 

(б) Ethylene and Ammonia also react to give 
hydrocyanic acid, under conditions studied by 
Bredig, Elod and Demme (Je.). They found 
that precipitated alumina mixed with quartz 
was the best catalyst, which gave the following 
results at 800°C. with a gas mixture consisting of 
equal volumes of ethylene and ammonia: 


Contact time 
seconds. 

% ammonia 

% of disappearing NH, 

unchanged. 

as HCN | 

aa N, 

65 

90 

78 5 1 

215 

33 

18 4 

77 2 1 

228 

1-2 

35 9 

69 2 

30-8 

0 67 

72 3 | 

57-0 

430 


Considerable quantities of methane and catboa 
were also formed. The same catalyst was 
found effective by Elod and Nedelmann (Z. 
Elektrochem. 1927, 33, 217) for the reaction 
between ethylene and nitric oxide at 800- 
950°C. Probably the nitric oxide is first reduced 
to ammonia, which then reacts with tie 
decomposition products of the ethylene 
(C a H 4 =CH a -f-CH a : and CHj'+NH, 

*=HCN+2H t ). Using a gas nuxtere con- 
taining 1 NO : 2 CjH 4 : 2H a at a temperature of 
950*C. and a time of contact of T 2 S second*, 
they obtained a 64 8% yield of hydrocyanic 
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acid based on the nitric oxide, 2-4% appearing 
as ammonia. A large part of the ethylene 
yielded methane, carbon and hydrogen. 

(c) Methane and Ammonia give very poor 
yields of hydrocyanic acid at temperatures up to 
1,100°C. in the presence of alumina as a catalyst : 
this catalyst accelerates instead the decom- 
position of the methane and ammonia, as is 
shown by the folio-wing results (Bredig, Elod 
and Demme, Z. Elektrochem. 1930, 36, 991) 
with a mixture of equal volumes of the two gases : 


Contact 

time 

seconds. 

Temp. 

°C. 

%,nh 3 

decomposed. 

|%nh 3 

as HCN 

decomposed. 

8-8 

800 

56-5 

trace 

0-0 

8-0 

900 

88-2 

1-8 

15-1 

7-4 1 

1000 

98-5 

90 

47-6 

6-8 

1100 

100 

60 

85-6 


On the other hand, Bredig and Elod claim 
better results in G.P. 548798, 1927, when using 
ethane instead of methane on a mixed alumina- 
silica catalyst at 850°C., a 35% yield of hydro- 
cyanic acid being obtained. Probably acetylene 
is first formed. 

Poindexter (U.S.P. 1584137, 1926) describes 
the production of hydrocyanic acid from 
ammonia and methane-containing gas ( e.g . 
natural gas) at reaction temperatures between 
950° and 1,450°C., depending on the materials 
of construction and the form of the apparatus. 
Preheating of the reactants is advisable in order 
that the contact time at reaction temperature 
may bo kept as short as possible. 45-61% 
conversions of ammonia into hydrocyanic 
acid were obtained when 2 volumes of natural 
gas and 1 volume of ammonia were passed 
in 1 second or less through a glazed fireclay 
tube at 1,200°G. or higher. The loss of ammonia 
by decomposition was 27-39%. Various methods 
of supplying the necessary heat to support the 
reaction are described, such as the use of a 
chequer work stove preheated by combustion 
of fuel gas, or of a bed of coke which is blown 
red-hot by an air blast and then used as the 
reaction medium, or the addition to the gases of 
an insufficient quantity of oxygen for the com- 
bustion of their carbon, followed by explosion of 
the mixture. Further details are given in U.S.P. 
1387170, 1920, and 1562914, 1922, according to 
the latter of which the product gas contains 11% 
HCN and considerable quantities of finely 
divided carbon. 

The non-catalytic reaction between methane 
and ammonia is recommended by Wheeler and 
others (B.P. 335585, 335947, 1929), who find 
that the reaction 

CH 4 +NH 3 =HCN+3H a 

proceeds at high velocities without the aid of 
solid surfaces if the temperature is of the 
order of 1,400'C., whereas the unwanted 
decompositions of methane and ammonia are 
catalysed by the walls of the chamber. They 
obtain good HCN efficiencies by choosing 
conditions which do not favour these decom- 
positions, recommending, for example, the use of 

Von. III. — 32 


chambers with the smallest surface and the 
dilution of the gases with hydrogen and moisture 
(B.P. 353407, 1930). They also state that the 
decomposition of ammonia and methane is 
minimised by building the reaction chambers 
with refractories free from iron, and in such a 
way that the internal surfaces are smooth. 
In B.P. 349958, 1930, they describe a form of 
apparatus designed to facilitate the transfer of 
the heat required to maintain the reaction, 
consisting of reaction chambers of long, deep 
and narrow form placed between long and deep 
heating flues. 

One further process may be mentioned hero 
(Ruhrchemie A.-G., G.P. 630767) in which 
mixtures of ammonia and methane aro heated 
to high temperatures (1, 400-1, 500°C.) in vessels 
of non-porous alumina refractory at reduced 
pressure and very low times of contact. These 
reaction conditions have previously been found 
to be favourable for the production of acetylene 
from methane, and the patent claims that, in 
the presence of ammonia, they lead also to the 
production of outstanding yields of hydrocyanic 
acid. A gas mixture containing 2 volumes of 
methane and 1 of ammonia gave, with a contact 
time of 0-05 second at a temperature of 1,600°C. 
and a pressure of 45 mm., an exit gas containing 
12% HCN in amount corresponding to a 65% 
yield on ammonia and 32% on methane, with 
simultaneous production of acetylene. These 
results are in harmony with the view of H. 
Kuster (Brennstoff-Chem. 1931, 12, 329) that 
the first step in the synthesis of hydrocyanic acid 
from methane is the splitting up of CH 4 mole- 
cules into C H ■ groups. 

The greatest technical difficulty in the 
methane-ammonia process is the rapid supply 
of heat at very high temperatures through 
refractory walls to the reacting gases, and 
various methods of overcoming it have been 
suggested. Peters and Kuster (Brennstoff-Chem. 
1931, 12, 122) heated the gases at 20-40 mm. 
pressure by means of an electric discharge, and 
obtained good yields. With a mixture of 
ammonia and methane in the volume ratio of 
1 : 7, for example, they report complete cyanisa- 
tion of the ammonia, the excess methane being 
largely converted into acetylene. Wheeler also 
describes the production of hydrocyanic acid by 
passing induction sparks through a mixture of 
methane and ammonia (B.P. 325860, 1928), the 
power consumption being 0-05 kwh. per g. of 
HCN, or 0-01 kwh. per g. of HCN when the 
gas mixture is preheated to 1,0 00°C. 

Another method of supplying internally a 
large part of the heat required is to add oxygen 
to the reacting gases, converting the endo- 
thermic synthesis 

CH 4 +NH 3 =HCN+3H 2 -60kg.-cal., 
into the exothermic oxidation reaction 

nh,+ijo 2 +ch 4 

= HCN+3H 2 0+114-9 kg.-cal. 

Such a process is described in B.P. 361004, 
1931, and 451609, 1935, the combustible mixture 
being passed at a high speed through a platinum 
or platinum-iridium gauze catalyst at 950- 
1,100°C., and U.S.P. 2000134, 1935, describes 
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the passage of the preheated mixture through 
finely divided wood charcoal at 1,1 00-1 ,500°C. 
L. Andrussov (Angew. Chem. 1935, 4S, 593) 
discusses the mechanism of the catalytic oxida- 
tion at a platinum gauze, and postulates the 
intermediate production of “ mtroxyl ” groups 
HNO by the oxidation of ammonia. In the 
presence of excess of oxygen (as in technical 
ammonia oxidation for nitric acid), “ mtroxyl ” 
is further oxidised to nitric oxide and water, 
but when methane is present the following 
reactions are said to occur: 

HNO+HjCHj^HNCHj+HjO 
HNCH 1 =HCN+H l 
If methane is used m large excess, most of the 
oxygen is used in producing carbon monoxide 
and hydrogen, and the yield of hydrocyanic acid 
falls The reactions by which “ mtroxyl ” and 
then hydrocyanic acid are formed are stated to 
occur very rapidly at the surface of the catalyst 
At 1,000°C , using a methane ammonia air 
mixture m the proportions required for the above 
oxidation equation, 58-63% of the ammonia 
was converted into hydrocyamo acid, 8-12% 
into nitrogen, and 26-30% was undecomposed. 

| The reaction between nitric oxide and methane 
in the presence of alumina at high temperatures 
was mentioned by Elod and Nedelmann (Z. 
Elektrochem 1927, 33, 217), and B P. 446277 
(Du Pont de Nemours and Co ) protects the 
use of one or more metals of the platinum 
group as catalysts for the reaction between 
hydrocarbons and nitric oxide, the mixture 
being diluted with nitrogen, carbon dioxide, 
steam or oxygen 

7. From Nitrogen and Hydrocarbons — In 
1868 Berthelot (Compt rend 1868, 67, 1141) 
discovered that acetylene and nitrogen combine 
under the influence of strong induction sparks 
to give hydrocyanic acid by the reaction 
CjHj+N, ^2HCN, 

which is reversible. He had previously shown 
(Ann. chim. phys. 1863, [ill], 67, 52) that acety 
lene is formed in the electric arc between carbon 
electrodes m an atmosphere of hydrogen, and 
that hydrocarbons in general yield acetylene 
under Vno influence of induction sparKs Acety- 1 
lene is, in fact, one of the equilibrium products in 
the gas surrounding a carbon arc burning in 
hydrogen or hydrocarbon vapour, being present 
to the extent of 7-8% by volume, along with 
1*25% methane, 0 75% ethane, and no other 
hydrocarbons (Bone and Jerdan, J.C.S 1901, 
79, 1042). Berthelot drew the general co 
elusion that hydrocyanic acid must be formed 
the carbon arc burning in mixtures of hydrogi. 
and nitrogen, and when sparks are passed through 
mixtures of nitrogen and hydrocarbons A 
mixture of 10 vols of acetylene, 14*5 vols. of 
nitrogen, and 75 5 vols of hydrogen is suitable 
for the synthesis of hydrocyanic acid, since 
mixtures richer in acetylene deposit carbon 
The cyanogen compound observed when the arc 
bums between carbon electrodes in an atmo- 
sphere of nitrogen is hydrocyanic acid, the 
hydrogen being derived from the electrodes or, 
from water vapour. 


Dewar (Proc. Boy. Soc. 1879, 29, 188 ; jggj} 
80, 85) confirmed these results, and also showed 
that hydrocyanic acid is formed when a mixture 
of hydrogen and nitrogen is passed through a 
carbon tube heated externally by an electric 
arc. Hutton and Smith (B.P. 23835 of 190<j. 
lYans. Amer. Electrochem. Soc. 1908, 13, 358) 
have shown that the temperature of the arc is 
not necessary, hydrocyanic acid being formed 
when a carbon rod is heated at 1,700°C. in 
a mixture of hydrogen and nitrogen H. v. 
Wartenberg (Z. anorg Chem. 1907, 52, 299) 
carried out quantitative. measurements of the 
equilibrium and obtained the following results 
with a mixture of equal volumes of hydrogen and 
nitrogen : 

Temp. °C. 1635 1752 1875 

% HCN in gas 

at equilibrium 1 95 3 10 4 70 

Wallis (Annalcn, 1906, 345, 353) obtained a 
maximum HCN concentration of 35% with the 
same gas mixture in an arc having an estimated 
temperature of about 3,250°C- From acetylene 
mixed with twice its volume of nitrogen, 
Hoyermann (Chem.-Ztg. 1902, 26, 70) obtained s 
60-70% conversion into hydrocyanic acid on 
passing the mixture into the arc through tubular 
carbon electrodes. 

Mixtures of acetylene and nitrogen under 3 
atmospheres pressure were exploded in a closed 
bomb by Gamer and Matsuno (J.C.S. 1921, 119, 
1903), and the cooled gases contained 1*57% 
HCN with an initial mixture containing 
3% N s , and 3 24% HCN with a mixture con 
taming 22% N, The effect of increasing the 
temperature of the explosion by adding oxygen 
to the mixture was investigated by Gamer and 
Saunders (J.C S. 1924, 125, 1634) The tern 
peratures attained in the explosion varied from 
2,950°C. to 4,287°C , but the quantity of hydro- 
cyanic acid formed in the products corresponded 
with an equilibrium frozen at some lower 
temperature. Writing the reaction as 

H ,+ 2 C-f N * =2 H C N -55 4 kg.-cals., 
and using the relation 
log k p = 

- — te&logT-tf tfW95ibT+ 1 -^' 4, 

where Ip=[HCN] 2 /[Hj][Nj], for the variation 
of the equilibrium with temperature, it was 
calculated that the temperatures at which 
equilibrium was frozen lay between 1,940° and 
2,282°C. 

A considerable amount of work has been done 
on the synthesis of hydrocyamo acid from 
nitrogen and methane (or its equivalent) 
Gruszkiewicz (Z. Elektrocbem. 1903, 9, 83) 
found that carbon monoxide, hydrogen and 
nitrogen, mixed in the volume ratio of 2:1:1. 
gave small amounts of hydrocyanic acid when 
exposed to induction sparks between platinum 
points. Lipinski (Z. Elektrocbem. 1911, 17. 
761) passed mixtures of methane, nitrogen, and 
hydrogen through a 2,200 volt alternating 
current arc between plat mum electrodes _ ho 
carbon was deposited from a mixture containing 
20% CH«, 10% Hj, and 70% N t , and under the 
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best conditions tho HCN yield was 1-75 g. per 
kwh. According to H. Philipp (Chem. and Met. 
Eng. 1920, 22, 313), Lipinski’s process was tried 
on a commercial scale in 1914 at Neubansen, 
and a yield of 30 g. HCN per kwh. attained. 
Briner and Baerfuss (Helv. Chim. Acta, 1919, 2, 
663) report a yield of 7-39 g. HCN per kwh. 
on circulating a mixture of 5 parts of nitrogen 
and 1 of methane through an arc at 605 volts 
between platinum electrodes 5 mm. apart. 

A commercial process for the arc synthesis of 
hydrocyanic acid from methane and nitrogen 
has been developed by Soc. Chem. Ind. in Basle 
and H. Andriessens (B.P. 296355, 1927). 
Methane or petroleum vapour and nitrogen are 
circulated through an arc flame, producing a 
mixture of hydrocyanic acid and acetylene. 
Tho hydrocyanic acid is dissolved in caustic 
soda and worked up for sodium cyanide, and a 
large part of the acetylene is removed by 
solution in water under pressure before returning 
the gases to the arc (B.P. 195239). Kiister 
(Brennstoff-Chem. 1931, 12, 329) carried out arc 
experiments under reduced pressure, and at the 
highest energy input was able to convert 80-5% 
of the methane into hydrocyanic acid and 13-9% 
into acetylene, starting with a mixture con- 
taining 86-5% N 2 and 13% CH 4 . With less 
nitrogen in the starting gas, the HCN/C„H 2 
ratio in tho product fell. It is suggested that 
the methane is first decomposed into hydrogen 
and CH ■ groups, whioh react with activated 
nitrogen. A large excess of nitrogen and a high 
energy input are necessary to make the con- 
centration of active nitrogon sufficient to react 
with all the CH • groups produced. 

1.6. Farbenind. A.-G. (B.P. 294494, 1927) has 
devised various modifications of arcs of the 
Schonherr type to make them applicable to 
mixtures of hydrogen, nitrogen and hydro- 
carbons, obtaining a lengthening of tho arc by 
interposing between the contral electrode and 
the earthed tubular counter-electrode a mantle 
of insulating material whioh surrounds tho arc 
and lengthens its path. From mixtures con- 
taining 7-30% CHj, yields of 50-65 litres of 
acetylene and 15-18 g. HCN per kwh. are 
obtainable. 

Properties of Hydrocyanic Acid. — Hydro- 
cyanic acid does not occur in the free stato in 
nature, but its compounds are widely distributed 
in plants. These compounds are glycosides 
which decompose, under the hydrolytic action of 
enzymes in the living cells, into hydrocyanic 
acid, a ketone or an aldehyde (e.g. acetone, 
benzaldehyde, etc.) and a sugar. For instance, 
tho glucosido amygdalin, which is contained in 
bitter almonds, hydrolyses under the influence 
of the enzyme emulsin to give hydrocyanic acid, 
benzaldehydo and d-glucose ; the hydrolysis is 
also effected by boiling with dilute acids. In rare 
cases a glycoside is found without an accompany- 
ing enzyme, as in tho leaves of tho common 
elder ( Sambucits nigra) which contain the gluco- 
sido sambunigrin, isomeric with amygdalin 
(v. Cyanophoric glycosides). The quantity of 
hydrocyanic acid present varies in different parts 
of the same plant, and depends on the age of the 
plant, usually being greatest in young plants. It 
is also dependent on the conditions of growth as 


affected by climate and rainfall, and has been 
found to be increased by the use of nitrogenous 
fertilisers. The quantity present rarely exceeds 
0-2% of the weight of the plant, and typical 
figures are given below : 

Great millet (Sorghum mtlgarc), 0-013-0 044% 
in young plants ; an exceptional North American 
specimen yielding 0-114%. 

Wild cherry ( Prunus serotina), 0-09%. 

Cherry laurel { Prunus Laurocerasus), up to 
0-2% in young leaves. 

Cassava, sweet ( Manihot palmata), 0-016% in 
leaves, 0-043% in peel of stem, 0-005% in edible 
part of root. 

Cassava, bitter (iff. utilissima), 0-041% in 
leaves, 0-113% in peel of stem, 0-053% in edible 
part of root. 

Rangoon beans ( Phaseolus lunaius), 0-025%. 

Linseed ( Linum usilatissimum), 0-02-0-038%. 

Nandina domeslica, 0-07-0-147%. 

Bitter almonds (Prunus communis, var. 
amara), 0-12-0-18%. 

Cases of cattle poisoning are not infrequent in 
hot countries ivhere sorghum is used as fodder, 
and linseed meal and white clover are also 
sometimes poisonous. By thorough boiling with 
water the enzymes are destroyed and the cyano- 
genotic glucosides rendered harmless. 

Minute traces of hydrocyanic acid have been 
observed in the products of incomplete combus- 
tion, such as tho luminous flame of the Bunsen 
burner, boiler flue gases and tobacco smoke. 
Hydrocyanic acid is also always present in the 
products of the high-temperature dry distilla- 
tion of nitrogenous organic substances, and in 
this caso is probably chiefly formed by the 
action of ammonia on carbon : 

NH 3 +C=HCN+H 2 

This reaction was used by Clouet (Ann. Chim. 
1791, 11, 30) in tho first synthesis of hydrocyanio 
acid, and has been studied quantitatively by 
Bergmann (J. fur Gasbeleuchtung, 1896, 39, 
117), Lance (Compt. rend. 1897, 124, 819), 
Voerkelius (Dissertation, Hannover, 1909), 
Carpenter and Linder (Alkali Works, 45th 
Report, 1908, 26; 46th Report, 1909, 21), and 
Kiister (Brennstoff-Chem. 1931, 12, 329). Tho 
formation of hydrocyanic acid begins at 700°C„ 
and the best yields (calculated on ammonia) are 
obtained between 1,000° and 1,100°C. Tho 
reaction is reversible, but equilibrium con- 
ditions are never reached owing to the simul- 
taneous decompositions of ammonia and 
hydrocyanic acid at the temperatures in 
question. The composition of the product in any 
given experiment depends, therefore, on the 
relative rates of the main carbon-ammonia 
reaction and of tho two decomposition re- 
actions under the experimental conditions. 
Porcelain and iron, for example, favour HCN- 
dccomposition, but little decomposition occurs 
with charcoal or when a layer of carbon has been 
deposited on the reaction tube. The rate of 
decomposition of the ammonia varies with tho 
type of- charcoal, being greater with more finely 
divided and with fresh samples of wood charcoal. 
Voerkelius found that the NH 3 /HCN ratio 
in the product was not greatly influenced by the 
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reaction time, but that ammonia decomposition 
increases with the reaction time. Kuster’s experi- 
ments imitated the conditions occurring in a 
coke oven, a mixture of nitrogen and hydrogen 
in the volume ratio of 1 : 3, and containing 0 2% 
of ammonia, being passed over coke. The 
results were : 

Temp'C. . 600 700 BOO 900 1000 1100 

% NH. giving 

HCN . . 37 S 2 61 12 8 25 1 40 0 

% NH. decom- 
posed . . 80 — 8 5 42 8 63 3 63 6 

Nemst’s heat theorem has been applied to this 
reaction by von Wartenberg (Z. anorg. Chem. 
1907, 52, 299) with the following results: 

Temp. °C. . . 600 800 1100 1400 

& , NH > /fo , H | XJ'HCNN 632 0 27 0 003 0 0002 

The equilibrium quantity of hydrocyanic acid 
increases markedly with nse of temperature, 
the heat of the endothermic reaction being 
—39,600 cal. per mol. of HCN. These figures 
indicate that equilibrium was never even 
approximately attained in Voerkehus’ experi- 
ments, and the formation of appreciable quan- 
tities of hydrocyamo acid at 600°C. in Kuster’s 
experiments suggests that reactions between 
ammonia and hydrocarbons may contribute. 

Hydrocyanic acid was formerly prepared by 
distilling potassium ferrocyamde with dilute 
eulphum acid (see under Technical Methods of 
Preparation, p. 492), but is nowadays more 
conveniently prepared from sodium cyanide 
solution and relatively concentrated sulphuric 
acid, a method first described by Wade and 
Pantmg (J.C.S. 1898, 73, 255). A 30-35%, 
solution of sodium cyamdo is run into hot 75% 
sulphuric acid, using 1} mols. of sulphuric acid 
to 2 mols. of cyanide The cyanide Solution 
should be allowed to enter the acid just below 
its surface, in order to avoid contact of the 
alkaline cyanide solution with hydrocyanic 
acid vapour, which encourages polymerisation 
of the HCN. The vapour may be dried by 
means of calcium chloride at 30°C , and then 
condensed in an ice cooled vessel. It may be 
purified from traces of water and ammonia by 
distillation over phosphorus pentoxide (Nef, 
Annalen, 1895, 287, 265) Details of a similar 
lab/oratory psowture, adding e. email amount a? 
ferrous sulphate to the reaction mixture, are 
given by Slotta (Per. 1934, 67, [B], 1028) 

The above process is frequently used for the 
manufacture of hydrocyanic acid (Pelton and 
Schwarz, Chem. and Met. Eng. 1919, 20, 165; 
Carlisle, Ind. Eng Chem. 1933, 25, 959). The 
cyanide sulphuric acid reaction mixture is 
distilled to give an aqueous distillate of 80% 
strength, which is acidified to inhibit de- 
composition, and rectified by redistillation. 
B.P. 401351, 1931, proposes the use of sulphur 
cioxide as a gaseous stabiliser to prevent 
decomposition throughout the reaction and 
distillation systems; it may conveniently be 
generated by adding sodium sulphite to the 
cyanide before the reaction with the acid. 

Other methods of preparing hydrocyanic 
acid, which are of academic interest only, ate 
(a) the dehydration of fonnaldoxime CH,-NOH, 
an isomer of formamide obtained by the inter 


action of formaldehyde and hydro xylamine, on 
heating the two compounds alone or with 
phosphorus pentoxide (Dunstan and Bosau 
J.C.S. 1898, 73, 353), and (6) the combination 
of hydrogen and cyanogen by heating the 
mixture to 600-550°C. (Berthelot, Ann. chin, 
pbys. 1879, [5], 18, 380). 

Hydrocyanic acid is a colourless liquid haring 

characteristic smell, or more correctly taste, 
which produces a choking sensation in tha 
larynx. It is one of the most poisonous sub. 
stances known; the fatal dose for a human 
being is approximately 1 mg. per kg. of body 
weight, or 0 06-0 07 g. for a full grown man. 
It may be introduced into the body by inhalation 
of the vapour or by absorption of the liquid 
through the skin, and its lethal action is very 
rapid, large doses causing almost instantaneous 
death. On the other hand, air containing 
minute concentrations of the vapour, but m 
which itrsmell is distinctly perceptible, may be 
breathed constantly without ill effects. Expen 
ments with cats, for instance, showed that con 
centrations of 0 003-0 004% could be tolerated, 
but that 0 005% produced symptoms of poison, 
ing. It appears that the metabolism is able to 
convert hydrocyamo acid into relatively non 
toxio thiocyanate at a limited rate, and if the 
rate of supply of hydrocyamo acid is lower than 
this rate, no lethal effect is produced Thio- 
cyanate has been detected in the urine of dogs 
which had been treated with regular small doses 
of potassium cyanide. 

The first symptoms of poisoning are giddiness 
and darkening of the visual field ; these symp 
toms disappear after a few minutes’ exposure 
to fresh air. They are followed by unconscious- 
ness accompanied by muscular cramps and more 
or less complete cessation of respiration So 
long as the heart is still acting, however, 
artificial respiration and the use of oxygen 
(or a mixture of oxygen and carbon dioxide) 
may be successful at this stage in inducing 
recoveiy. Heart stimulants such as amyl 
nitrite (applied by inhalation of the vapour), 
lobelme, and coramine (applied by intravenous 
injection) may be applied by a doctor m 
desperate cases. Other antidotes which have 
recently been the subject of research are various 


sulphur, thiosulphate, and tetrathionate, sodium 
mtnte and mixtures of nitnte with thiosulphate, 
methylene blue, and oxidising agents such 
as hydrogen peroxide and permanganate 
When a cyanide has been swallowed, hydrocyanic 
acid is liberated in the stomach by the acids 
in the gastric juices, and in this case the simplest 
and most effective antidote is prepared by 
mixing solutions of ferrous sulphate and 
sodium carbonate. It is important that the 
sodium carbonate should be in excess so that 
the mixture is alkaline ; the detoxifying action 
of this antidote is due to the conversion of the 
hydrocyanic acid into ferroejanide, which w 
relatively non toxic. A summarised description 
of the mode of action and relative efficiency of 
various antidotes for hydrocyanic acid poisoning 
is given by Wirth, Arch. exp. Path. Pharffl. 
1935, 179, 558. . ., 

The poisonous action of hydrocyanic acid 
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appears to consist partly of a direct paralysing 
offect on the respiratory nerve centres and 
partly of an inhibitory action on that enzyme 
of the red-blood corpuscles which brings about 
the transference of oxygen from oxyhsemoglobin 
to the oxidisable substances in the body : the 
venous blood therefore becomes arterial, and 
death is due partly to a kind of internal suffoca- 
tion. The suggestion that the poisonous action 
of hydrocyanic acid might be due to its inhibi- 
tory action on the oxidising power of the blood 
was first made by Schonbein (J. pr. Chem. 1868, 
[i], 105, 202), who showed that the acid inhibits 
the catalytic decomposition of hydrogen per- 
oxide by plant ferments, and also by the red- 
blood corpuscles. Later Bredig and von 
Berneck (Z. physikal. Chem. 1899, 31, 329) 
showed that it has the same effect on the 
inorganic catalyst, colloidal platinum. The 
ferments recover their activity when the 
hydrocyanic acid is removed. This property 
has been applied in the preservation of fruit. 

The physical properties of liquid hydrocyanic 
acid are tabulated below : 

Density (Fredenhagen and Dahmlos, Z. anorg. 
Chem. 1929, 179, 77) : 

Temp. °C. -13 0 4 15 20 

Density 0-7326 0-7150 0-7096 0-6950 0-6884 

Freezing-point (Tammann, Ann. Physik. 1899, 
68, 576) : 

Pressure (atm.) 1 500 4,000 

Freezing-point (°C.) —13-4 —2-88 +50-1 

Vapour Pressure (Bredig and Teichmann, 
Z. Elektrochem. 1925, 31, 449) : 

Temp. (°C.) . . -15-2 -10 0 10-8 

Yap. press, (mm.) . 110 165 256 427 

Temp. (°C.) . . 14-8 18 0 25-6 29-8 

Vap. press, (mm.) . 504 567 760 888 

Temp. (°C.) . . 39-4 64-8 78-5 100 

Vap. press, (atm.) . 1-63 3-71 5-35 9 

Thermal Data. — Heat of formation of liquid 
from its elements (amorphous carbon) -21-8 
cal. per mol. (Thomsen) ; (diamond) -24-8 
cal. per mol. (Berthelot). Latent heat of 
vaporisation at 25°C., 246-8 cals, per g. (Perry 
and Porter, J. Amer. Chem. Soc. 1926, 48, 
299). 

Heat of solution of liquid acid in water : 
according to Busay and Buignet, when 1 g.-mol. 
ofliquid HCN is mixed with l^g.-mols. of water, 
a fall of temperature of 9-75°C. occurs. 

Aqueous Solutions. — The specific gravities of 
aqueous solutions have been measured by 
Walker and Marvin (Ind. Eng. Chem. 1926, 18, 
139), whose results are given in an abbreviated 
form below: 
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These data are often used to estimate the 
percentage of water in the commercial acid. 


The eutectic point, ice-f solid HCN+liquid 
phase containing 74-5 molar percentage of 
HCN, is -23-4°C. 

The dielectrio constant of liquid hydrocyanic 
acid is 95, the largest known with the exception 
of that of hydrogen peroxide (Schlundt). The 
acid is miscible in all proportions with water, 
alcohol, ether, and many other substances, but 
it is almost insoluble in light petroleum. It is 
itself an excellent solvent for many solid 
substances; among inorganic salts the iodides 
are usually readily soluble. The solutions are 
good conductors of electricity, the conductivity 
of solutions of potassium iodide being about 
3£ times greater than that of the corresponding 
aqueous solutions. 

Hydrocyanic acid is one of the weakest acids, 
its dissociation constant in aqueous solution at 
18°C. being 1-3 X lO -9 , or 44 times smaller than 
that of sulphuretted hydrogen and 230 times 
smaller than that of carbonio acid (Walker and 
Cormack, J.C.S. 1900, 77, 16). In a 0-1 N 
solution, only 0-011% of the acid is ionically 
dissociated, so that it does not behave as an 
acid towards indicators, and its salts are very 
largely hydrolysed in aqueous solution. The 
hydrolysis of alkali cyanides has been studied 
by Harman and Worley (Trans. Faraday Soc. 
1925, 20, 502), who measured the dissociation 
constant £=[KOH][HCN]/[KCN] of the 
reaction KCN+H„0 ^ KOH+HCN at 
various temperatures with the following results : 

Temp. °C. .5 18 25 35 

JbxlO 1 . 0-179 0-229 0-254 0-304 

The same figures apply to sodium cyanide. In 
the concentration of an aqueous cyanide 
solution free hydrocyanic acid produced by 
hydrolysis escapes until a sufficient excess of the 
base has accumulated to Btop the hydrolysis : 
with stronger bases, such as caustic soda, the 
loss of hydrocyanic acid is slight, but with 
weaker bases it is considerable. In the case of 
volatile bases {e.g. ammonia) and insoluble 
bases {e.g. calcium hydroxide), the continued 
removal of the base from the solution (by 
volatilisation or precipitation) prevents the 
attainment of equilibrium, and nearly the whole 
of the hydrocyanic acid escapes. The carbon 
dioxide of the atmosphere will displace hydro- 
cyanic acid from aqueous cyanide solutions, so 
that such solutions in confined spaces may 
develop dangerous HCN concentrations in the 
surrounding air. 

Pure hydrocyanic acid, which has been dried 
over calcium chloride or distilled over phosphorus 
pentoxide, can be kept unchanged for long 
periods at the ordinary temperature. Instability 
is induced by heating the liquid to 100°C., 
or at the ordinary temperature by the presence 
of a small amount of water or of alkaline 
impurities such as ammonia or sodium cyanide, 
and the liquid gradually darkens in colour 
through yellow and brown, being finally con- 
verted into a non-volatile black solid of about 
the same empirical composition as HCN (Walker 
and Eldred, Ind. Eng. Chem. 1925, 17, 1074). 
This black polymer is itself a catalyst for the 
polymerisation. The decomposition occasionally 
proceeds with explosive violence owing to the 
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rapid rise o£ temperature which accompanies the 
reaction, and Salomone (Gazzetta, 1912, 42, (i), 
611) isolated from the products of an explosion 
colourless crystals of a substance having the 
composition of cyanic acid, the molecular weight 
of which in benzene solution corresponded to 
(HCNO)j. From the solid black HCN 
polymer mentioned above, a termolecular 
polymer can be separated by extraction with 
ether (Kef), w hich is believed to be the nitrile of 
aminomalonic acid, NH 2 -CH(CN) i( sinoo it 
gives carbon dioxide, ammonia, and amino- 
acetic acid on heating with baryta water. 
From the same material, Bedel (Compt. rend. 
1923, 176, 168) obtained a tetramer which he 
believes to be the hydrocyanide of amino- 
methane dinitrile. The aqueous acid also 
becomes brown in the presence of alkali cyanides 
and deposits a dark brown amorphous substance, 
azulmm or aznlmio acid, containing carbon, 
oxygen, nitrogen, and hydrogen in variable 
proportions. Whenever water is present, carbon 
monoxide and ammonia are found among the 
decomposition products The discoloration of 
solid alkali cyanide on exposure to air is due 
\to the hydrocyatuo acid liberated at its surface 
^undergoing the change to azulmic acid 
/ The commercial acid, which generally contains 
about 2% of water, is stabilised to inhibit 
decomposition by the addition of small quantities 
of strong acids, such as sulphuric acid or 
phosphoric acid, or better, oxalic acid, which is 
less corrosive to iron containers (G P. 352979, 
1919). Organic compounds which aro readily 
hydrolysed to acid products are also suitable, 
eg. cyanogen chloride (BP 258324, 1925), 
chloroformic esters (B P. 254747, 1925). 

The only useful application of hydrocyanic 
acid is in pest control, where its poisonous 
action is used against insects on growing plants 
and in various stored products, and against 
rodents and other pests in the fumigation of ships 
and mills, warehouses and other buildings, and 
in quarantine operations This application was 
first developed by the Agricultural Experiment 
Station of the University of California for the 
fumigation of citrus trees (D W. Coquillet and 

H. I). Bishop, California Station Bull. 122). 
The acid vapour is applied by erecting a tent 
over the tree and generating the acid inside it. 
The dosage applied must be high enough to kill 
the scale insects within about half an hour, but 
not high enough to cause damage to the foliage. 
Allowance must also be made for loss of fumigant 
by diffusion of the vapour through the tent 
during the period of exposure. Foliage is less 
liable to injury at night than in sunlight, and 
fumigation should not be earned out in damp 
conditions. The safe concentration of hydro- 
cj anic acid depends on the kind of tree and on 
the time of the year. The minimum lethal doBe 
varies widely for different species of pests, 
green aphis requiring only 2 g. of HCN per 

I, 000 cu. ft of sir space, and red spider up to 
30 g per 1,000 cu. ft. in greenhouse fumigation. 
The use of hydrocyanic arid in the fumigation 
of ships, warehouses and mills is now well 
established in many parts of thB world, and is 
also extending to the treatment of stored 
products. In slum clearance, schemes in 


England, hydrocyanic acid is being used f or 
eradication of vermin. 

In early fumigation practice the hydrocyanic 
acid was generated in eitu by the addition of 
solid sodium cyanide to a mixture of sulphunc 
acid and water, but since 1917 liquid hydro- 
cyanic acid of about 98% strength has been 
marketed in tinned iron drums or steel cylinders 
(see Pelton and Schwarz, Chem. and Met. Ene. 
1919, 20, 165 ; Carlisle, Ind. Eng Chem 1933 
25, 959; U.S P. 1352665, 1355384, 1444300* 
1569171, 16S0662). For convenience in applica- 
tion the acid may bo absorbed in granules of 
kieselguhr previously freed from alkaline 
impurities (B P. 271236, 1926), or in discs of 
wood pulp. As already mentioned nnder 
Calcium Cyanide, p. 492, powdered calcium 
cyanide may also be used in a moist atmosphere 
for the generation of hydrocyanic acid. 

Hydrocyanic acid readily forms addition 
products ; for instance, with hydrochloric acid 
in ethyl acetate solution it gives the compound 
2HCN-3HCI, which has been shown to be 
dichloromethylformamidine hydrochloride, 

HN CH NH CHClj.HCI. 

Tins compound decomposes at 100°C. into 
hydrochloric acid and a volatile substance 
2HCN-HCI, which is chloromethylene forma, 
midine, HNCH-N.CHCI. The latter com- 
pound is also formed when dichloromctbyl- 
formamidme hydrochloride is treated with 
excess of liquid hydrocyanic acid at 40 <I C. 
When warmed with quinoline, chloromethylene 
foraamidine gives a quantitative yield of 
iminofonnyl wocyaiude HN CH NC, a dimer 
of hydrocyanic acid (Hinkel and Dunn, J.C.S 
1930, 1834), which is a white solid melting at 
85°C. Hinkel, Ayluig and Bcynon (ifluf 
1935, 674) have investigated the hydrolysis of 
this compound with cold water to give 
ammonium formate, and its formation of 
insoluble complex compounds with silver 
nitrate, mercuric chloride and aluminium 
chloride. Hydrocyanic acid itself forms s 
compound with aluminium chloride, having the 
composition AICI,-2HCN (Hinkel and Dunn, 
xb\d. 1931, 3313), which is stated to be 
identical with the aluminium chloride com- 
pound of the dimer. The compound is unstable 
in moist air, and slowly evolves hydrocyanic 
acid tn rucuo or on heating to 100°C. 

Hydrocyanic acid is often used for the 
synthesis of a hydroxy acids from aldehydes 
and ketones, with which it combines under the 
influence of alkaline catalysts to give cyan- 
hydrins, which are the ru tales of a hydroxy* 
acids, eg.'. 

CH 3 CHO+HCN -> CH 3 -CH(OH)(CN) 
Acetaldehyde Acetaldehj de ejanhyddn 

CH S CH(OH)COOH 
Lactic acid 

It is also used for the synthesis of aromatic 
aldehydes by Gattermann's reaction. 

COSSCTTCTIOX OF HvDEOCVAKTC ACIP — * 
The constitution of hydrocyanic acid is a very 
complex question, and cannot be said to have 
been definitely settled. The behaviour of its 
metallic salts would lead to contradictory 
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conclusions : potassium cyanide reacts -with 
esters to give nitriles R-C-N as principal 
product, whereas silver cyanide yields carbyl- 
amines or isocyanides R-N.-C. The force of 
this evidence is in any case considerably reduced 
by the fact that in neither case is the one 
product exclusively formed. Other properties 
point to a difference in structure between the 
alkali cyanides and those of the heavy metals ; 
for instance, silver and mercuric cyanides cannot 
be oxidised by permanganate, whereas potassium 
cyanide gives cyanate. On the other hand, it 
should be remembered that the heavy metal 
cyanides are scarcely ionised at all and their 
reactions are therefore those of the undissociated 
molecules ; the alkali cyanides, on the other 
hand, are very largely ionised, and their reactions 
are those of the ions. For this reason it may be 
concluded that all metallic cyanides have the 
same constitution, and the generally accepted 
one is the tsonitrile configuration M-N:C. 
This agrees with their ready formation of stable 
addition compounds, in which they resemble the 
faonitriles and differ from the nitriles. 

Hydrocyanic acid itself may be tautomeric, 
H N:C ^ H-C-N, but the weight of evidence 
in this case supports the nitrile formula as being 
at any rate greatly predominating. Like the 
nitriles, hydrocyanic acid is hardly affected by 
dilute mineral acids, from which it may be 
distilled unchanged; the carbylamines or iso- 
nitriles, on the other hand, are violently 
decomposed. With alkalis, hydrocyanic acid is 
readily hydrolysed or decomposed, but even 
boiling alkalis are without action on isocyanides 
Its high dielectric constant and marked solvent 
and dissociating powers relate it to the nitriles 
rather than to the carbylamines (Wade, J.C.S. 
1902, 81, 1613). Wade is also of the opinion 
that its physiological properties lend support to 
its configuration as a nitrile, but Nef draws the 
opposite conclusion. Anhydrous hydrocyanic 
acid and the nitriles do not dissolve silver 
cyanide, whereas the isocyanides dissolve it 
readily. 

VI. CYANOGEN AND ITS DERIVA- 
TIVES. 

Cyanogen, (CN) 2 , is prepared by heating dry 
mercuric cyanide at a dull red heat, the reaction 
by which Gay-Lussac discovered it in 1815 : 

Hg(CN) 2 =Hg+(CN) 2 

It may also bo prepared by the interaction of 
sodium cyanide and copper sulphate, when 
the first product is a complex cupricyanide, 
NaCu(CN) 3 , which decomposes on heating to 
give cuprous cyanide, Cu 2 (CN) 2 , and cyanogen. 
A further yield of cyanogen may be obtained by 
treating the cuprous cyanide precipitate with 
ferric chloride solution of sp.gr. 1-26 : 

Cu 2 (CN)„+2FeCI 3 

= (CN) 2 +Cu 2 CI 2 +2FeCI 2 

By all these methods a part of the cyanogen is 
always polymerised to dark brown, non-volatile 
paracyanogen. Paracyanogen appears to be 
the stable form at ordinary temperatures, but at 


high temperatures is converted into cyanogen. 
The velocity of the change is very small at 
temperatures below 300°C., so that cyanogen 
gas can be kept without change in the cold. 
The polymerisation of cyanogen, and the cata- 
lytic effect of glass, quartz, potassium cyanide, 
and sodamide have been studied by Perret and 
Krawczynski (Bull. Soc. chim. 1932, [iv] 51, 622). 

The direct synthesis of cyanogen from its 
elements is not of practical importance but has 
theoretical interest in relation to several 
technical cyanide syntheses. Cyanogen is 
formed when the electric arc bums between 
pure carbon electrodes in an atmosphere of 
nitrogen, though it cannot be detected in the 
gaseous product withdrawn from the arc 
(Wallis, Annalen, 1906, 345, 353). Nemst’s 
heat theorem would indicate that considerable 
quantities of cyanogen exist in equilibrium with 
carbon and nitrogen at the temperature of the 
arc : 

Temp. (°C.) . 2,000 2,500 3,000 3,250 

%(CN) 2 in gas at 

equilibrium . 0-01 0-9 17 - 0 45-0 

and von Wartenberg (Z. anorg. Chem. 1907, 52> 
299) observed a very intense cyanogen spectrum 
in the arc gases, and found that carbon is 
deposited at some distance from the arc. 
Cyanogen is therefore essentially unstable at 
temperatures below 2,500°C., and can only be 
preserved at much lower temperatures on 
account of its slow rate of decomposition. It 
can be detonated by means of mercury fulmin- 
ate, and on heating its rate of decomposition 
becomes measurable at 1,200°C. (Berthelot, 
“ Force des Mati&res Explosives,” Paris, 1883, 
p. 113). It may be concluded from these figures 
that the direct union of carbon and nitrogen to 
cyanogen can play no part in the formation of 
cyanides by processes operated at ordinary fur- 
nace temperatures. On the other hand, it should 
be mentioned that cyanogen is said to be 
produced when nitrogen is passed over iron 
covered with coke at 1,500-1, 800°C., and 
Belg. P. 378694, 1931, protects such a process, 
in which nitrogen at 50 atmospheres is heated in 
the presence of reduced iron with compressed 
carbon monoxide. Presumably there is inter- 
mediate formation of iron carbide and iron 
nitride. 

Cyanogen is a very poisonous gas which burns 
with a characteristic peach-blossom-coloured 
flame. The liquid has a density of 0-89 at 
13-8°C., boils at — 20-7°C. at 1 atmosphere, and 
freezes at — 34-4°C. Its vapour pressure at 
— 22-9° is 701-6 mm., and at —14-4° is 1030-4 mm. 
(Cook and Robinson, J.C.S. 1935, 1001). The 
critical temperature and pressure are 128-3°C. 
and 59-6 atmospheres respectively (Cardoso 
and Baume, Compt. rend. 1910, 151, 141). 
Water dissolves 4-95 volumes of the gas at 
0°C. At 18°C. and higher the dissolved cyano- 
gen is hydrolysed to hydrocyanic acid and 
cyanic acid, the latter being further hydrolysed to 
give carbon dioxide and ammonia (Naumann, 
Z. Elektrochem. 1910, 16, 772). After somo 
time the solution deposits dark brown azulmic 
acid, and contains also oxalic acid and urea. 
Cyanogen dissolves in caustic alkalis to g : ve 
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cyanide and cyanate by a reaction analogous' 
to those of the halogens : 

(CN) 1 +2NaOH-NaCN+NaCNO+H.O 
Silver nitrate solution has no action on cyanogen 
which may be separated from a mixture with 
hydrocyanic acid by passing through sdver 
nitrate solution to remove the HCN, and may 
be estimated by treatment with caustic soda 
and titrating the cyanide formed (Wallis, 
Annalen, 1906, 345, 353), 

Cyanogen ia held to have the ruttile structure 
N • C — C- N, and not the wonitnle structure 
C:N — N.C or a mixed structure N-C — N.C, 
because of its formation by the dehydration of 
ammonium oxalate or oxamide with phosphorus 
pentoxide : 

OCNH. C=N 

| ->| +2H.0 

OCNH, C=N 

which shows that the two carbons are linked 
together. 

Cyanogen chloride, CNCl, is prepared by 
the action of chlorine on various metallic 
cyanides. Heavy metal cyanides, such as 
mercuno (Serullas, 1827) and zinc (Held, 1897) 
may be used, but tbe use of aqueous hydro- 
cyanic acid, discovered by Berthollet in 1787, 
is now a preferred method. Alkali cyanides are 
Dot suitable because they react violently with 
cyanogen chloride in any but cold and very 
dilute solutions, giving dark brown amorphous 
products. U.S.P. 1938324, 1933, however, 

describes the production of cyanogen chlonde 
from chlorine and sodium cyanide in a mixture 
of carbon tetrachloride and glacial acetic acid in 
the absence of water. For the preparation from 
aqueous hydrocyanic acid (Pnce and Green, 
J.S.C.I. 1920, 39. 08T), a 12-16% solution of 
pure hydrocyanic acid is treated with a stream 
of finely divided chlorine bubbles, obtained by 
injecting the gas through a porous earthenware 
plate at about 40°C. The cyanogen chloride 
distils off as it is formed together with 10-20% 
of hydrocyanic acid. It is purified by retreat- 
ment with chlorine, or by shaking with zinc oxide 
to remove the hydrocyamo acid almost com, 
pletely as zinc cyanide. Hydrochloric acid in 
♦A* ywd’Zfih w. reazomA by AuAJimg Vnjuri* 
over sodium bicarbonate. A technical process 
for the preparation from aqueous hydrocyanic 
acid and chlorine under pressure is described in 
B,P. 347989, 1929. 

Cyanogen chloride is a colourless liquid of 
density 1-193 at 14°C. (Cook and Robinson, 
J.C.S. 1935, 1001), which solidifies at — 8°C. 
Its vapour pressure at various temperatures was 
measured by Regnault : 

Temp. (°C.) . .-30 - 20 —10 0 

Vap. press, (mm.) . 68 3 148 2 270 fi 441-1 
Temp. (°C.) . .10 20 30 40 

Vap. press, (mm.) . 681-9 1001*9 1427*4 1988 0 
Temp. (®C.) . .60 60 70 

Vap. press, (mm.) . 2719 3 3664*2 4873*2 
Its boiling-point at 760 mm, is 12 66°C, The 
vapour, which is very poisonous, attacks the 
eyes violently. It is slightly soluble in water, 


the cold saturated solution containing 6% of 
CNCl. The heat of formation of the liquid 
from its elements is —26 9 cal. per mol. It fr 
etable for an indefinite period when pare, but in 
the presence of hydrochloric acid it polymerises 
to cyanuric chloride, C a N,CI,. Aqneoui 
hydrochloric acid (stronger than 2N) hydroljBes 
it thus : 

CNCI-f-2H,O=NH 4 CI+C0 1 
Its behaviour towards alkalis is the same as that 
of cyanogen bromide (see below), and indicates 
that cyanogen chloride is the acid chlonde of 
cyanic acid, CNOH. Hydriodio acid hardly 
attacks it in the cold, and it is without action 
on iron and copper in the cold. 

Cyanogen bromide, CNBr, may be pre- 
pared by tbe action of bromine on a metalho 
cyanide or on hydrocyanic acid. Slotta (Ber. 
1934, 67, [B], 1028) gives details of the action, 
of sodium cyanide solution on bromine in a well 
stirred flask immersed in a freezing-mixture, the 
bromocyanogen being distilled direct from the 
reaction mixture through a layer of calcium 
chlonde into a cooled receiver. A laboratory 
preparation is also described in “ Organic 
Syntheses,” 1931, 11, 30). The compound is of 
technical importance because its addition to a 
cyanide solution causes more rapid dissolution 
of gold (Sulman and Teed, B.P. 18592 of 1894 ; 
J.S.C.I. 1897, 16, 961). It is used w the 
treatment of a few refractory ores, especially 
those in which tho gold is associated with 
tellurides, as in Western Australia. For this 
purpose it is always manufactured at the 
place of use by the action of acidified bromide- 
bromate solution on a concentrated solution of 
sodium cyanide ; other oxidising agents msy 
be used instead of bromate. Since tbe action of 
bromine on sodium cyanide also produces sodium 
bromide, the addition of a further quantity of 
bromate will yield a further supply of bromine 
and hence of cyanogen bromide; with sn 
adequate quantity of bromate, therefore, the 
reaction is (Gfipner, Z. angew. Chem. 1901, 14, 
355): 

2NaBr+ NaBrO,+3NaCN+3H t S0 4 

=3Na a SO 4 +3CNBr+3H,0 
Thu reaction. »mn)ixuiDjg wdusn. fp)d- dissolve* in 
bromooyamde solution is as follows : 
2Aud-3NaCN+BrCN 

=2NaAu(CN) f +NaBr 
Its effect is thus seen to be due to its character 
as being both a cyanide compound and sn 
oxidising agent (see Gold Cyanides, p. 486). 

Cyanogen bromide is a colourless, crystalline 
substance melting at 62°C. and boiling at 61°C. 
Its solubility in water ia about 6^6% at 
ordinary temperature. 1 1 is very poisonou s, end 
has an intensely irritating effect on the mucou* 
membrane and the eyes. Like cyanogen 
chlonde, the pure substance can be kept without 
change, but traces of bromine or of bydrobroraie 
acid cause its rapid polymerisation to cyannne 
bromide, C s N a Br s , with simultaneous part™ 
decomposition. It is very slowly hydrolysed by 
water to hydrobromio and cyanic adds: 

CNBr-f H a O*=>HCNO+HBr, 
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the cyanic acid being next hydrolysed to 
ammonia and carbon dioxide. These reactions 
ocour instantaneously with caustic alkalis, much 
more slowly with alkali carbonates, and not 
at all with bicarbonates. In connection with 
the bromo-cyanide process of gold extraction, 
it is of interest to note that cyanogen bromide 
slowly reacts with potassium cyanide in aqueous 
solution, giving cyanogen : 

CNBr+KCN = (CN) 2 +KBr 

A 0- 1-0-2% CNBr solution is completely 
decomposed in 3-6 hours by KCN solution of 
less than 1% strength. 

In aqueous solution, cyanogen bromide acts 
as an oxidising agent, converting hydriodio acid 
into iodine, and sulphuretted hydrogen into 
sulphur : 

CNBr+2HI=HCN+HBr+l 2 

CNBr+H 2 S=HCN+HBr+S 

In these reactions the bromine behaves like 
hypobromous acid, which is typical of bromine 
attached to nitrogen (Chattaway and Wadmore, 
J.C.S. 1902, 81, 191), so that the compound must 
be formulated as an iso-cyanogen derivative, 
C:N-Br. The reaction with potassium iodide 
provides a convenient method for the quantita- 
tive estimation of cyanogen bromide. 

Cyanamide, NH 2 -CN, is obtained by the 
action of ammonia on an ethereal solution of 
oyanogen chloride (Cloez and Cannizzaro, 
Compt. rend. 1851, 32, 62), when ammonium 
chloride crystallises out and cyanamide is 
recovered from the ethereal solution by evapora- 
tion. It is also obtained by the action of 
mercuric oxide on thiourea : 

CS (N H 2 ) 2 + HgO= N H 2 CN+ HgS+ H 2 0 
Several guanidine derivatives yield cyanamide 
on boiling with water or alkalis ; for example, 
nitroso-guanidine decomposes thus (Thiele, 
Annalen, 1893, 273, 136) : 

/NH a /NH 2 
C-.NH =C-N +N 2 4-H s O 
x NH-NO 

Cyanamide is most easily prepared from its 
metallic salts. Disodium cyanamide, Na 2 NCN, 
is formed by the action of sodamide on carbon 
or on sodium oyanide (see Alkali Metal 
Cyanides, p. 480), or by passing carbon 
dioxide over heated sodamide (Geuther, 
Annalen, 1858, 108, 93) : 

NaNH 2 +C0 2 =NH 2 -C00Na 

= NaCN0+H 2 0 

NaCN0+H 2 NNa=Na 2 N-CN+H 2 0 
It is also formed when either sodium cyanato 
or sodium cyanide is fused with sodium 
hydroxide, or when ammonia reacts with 
Bodium carbonate at 600-700°C. (G.P. 582625, 
1928). The calcium and barium salts are 
produced by the nitrogenation of the carbides 
(see under Alkaline Earth Cyanides, p. 487). 
and by several other reactions at moderate 
temperatures where cyanide would be expected, 
e.g. from lime and hydrooyanic acid (Franck 
and Bank, Z. anorg. Chem. 1933, 215, 415) 
and by heating the ferrocyanides. They are 


also formed by heating the carbamates or the 
cyanates to redness (Drechsel, J. pr. Chem. 
1877, [ii], 16, 188 ; 1880, [ii], 21, 77) (see also 
G.P. 591039, 1929) : 

Ca(0C0NH 2 ) 2 =CaNCN+2H 2 0+C0 2 
and Ca(OCN) 2 =CaN-CN+C0 2 

Cyanamide is easily prepared from the 
disodium salt by neutralising its cold, aqueouB 
solution with nitric acid and evaporating to 
dryness in a vacuum ; the dry residue is 
extracted with ether. According to Liebknocht 
(Angew. Chem. 1932, 45, 584; G.P. 601465, 
1934), it is best to treat the disodium compound 
first with absolute alcohol to produce the mono- 
sodium salt and sodium ethoxide, and then to 
treat the mono-sodium salt with hydrogen 
chloride in ether solution. Werner (J.C.S 
1916, 109, 1325) describes its preparation from 
the readily accessible calcium salt: 100 g. are 
mixed with 125 g. of acetic acid and 120 g. of 
water, the mixture well kneaded and left for 
24 hours, after which the friable mass is 
powdered and extracted with ether in a Soxhlet 
apparatus. The yield is 94-96% of the 
theoretical. 

Cyanamide forms colourless, deliquescent 
crystals molting at 43-44°C. (Colson, J.C.S. 1917, 
111, 655). It is readily soluble in water, alcohol 
and ether, and sparingly soluble in carbon bi- 
sulphide, benzene and chloroform. On heating 
it polymerises very readily to dicyanodiamide, 
H 2 N(C:NH)NH-CN, a liquid which boils at 
140°C. under 19 mm. with decomposition to 
melamine. Pinck and Hotherington (Ind. Eng. 
Chem. 1935, 27, 834) produce the dimer in 98% 
yield from concentrated cyanamide solutions on 
heating with small amounts of ammonia. The 
neutral aqueous solution is stable, but poly- 
merisation occurs in the presence of either acids 
or alkalis. The physico-chemical aspect of the 
process has been studied by Morrell and Burgen 
(J.C.S. 1914, 105, 576) and by Grube and Kruger 
(Z. physikal. Chem. 1914, .80, 65), who find that 
in alkaline solution the reaction takes place 
between undissociated cyanamide molecules 
and cyanamide ions : 

h 2 cn 2 +hcn/=h 3 c 2 n/ 

Hence the rate of polymerisation is at a 
maximum in a solution containing one-half 
of its cyanamide in the ionised form, which is 
virtually the case when one-half equivalent of a 
strong base is added to the aqueous solution. 
Weak bases, since their cyanamide salts are 
considerably hydrolysed, have a much smaller 
polymerising action than strong ones. 

The action of acids on cyanamide causes 
polymerisation and hydrolysis (to urea) simul- 
taneously. Cyanamide treated with 10-20% 
sulphuric acid at the ordinary temperatures is 
almost wholly converted into urea, whereas 
near the boiling-point polymerisation pre- 
dominates (Carlson, Z. angew. Chem. 1914, 27, 
724). The reaction is further complicated by 
the hydrolysis of the dicyanodiamide to di- 
cyanodiamidine, 

H 2 N (C:NH)NH-CN+H 2 0 

= H 2 N(C:NH)NH-CO-NH 2 , 
a strong base whioh neutralises the acid. 
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Cyanamide readily forma addition com- 
pounds. For example, when dry hydrogen 
chloride fa passed into a dry ethereal solution, a 
white crystalline substance having the formula 
H a CN,-2HCI fa formed (Mulder and Smit, 
Ber. 1874, 7, 1634). 

Cyanamide fa an extremely weak acid, the first 
dissociation constant (H,CN, ^ H + +HCN,') 
being of the order of 10~ n (Grube and Kruger, 
Z. physikal. Chem. 1914, 86, 65). Tbe mono- 
aodium salt, NaHCN,, crystallises from a solu- 
tion of cyanamide m absolute alcohol when 
sodium ethoxide is added (Liebknecht, Angew. 
Chem. 1932, 45, 584); the disodium salt can 
only be prepared by one of the dry fusion 
methods mentioned above. The calcium salt, 
Ca(HCNj)}, can be obtained in solution by 
decomposing ordinary calcium oyanamide with 
water. The silver salt, Ag,CN t , 13 obtained 
as a canary-yellow precipitate by adding silver 
nitrate solution to a dilute ammomacal solution 
of cyanamide ; it is soluble m cold, dilute 
nitrio acid. The lead salt is an orange yellow 
precipitate. 

Although there is some doubt as to the con- 
stitutionofcyanamide(H 2 N'C ■ N or H a N N C), 
the balance of evidenco is in favour of the 
normal cyanide structure, for cyanamide shows 
many reactions of a normal cyanide or nitnlc, 
e g. reaction with water to give the acid amide 
urea, with sulphuretted hydrogen to give thio 
urea, and with ammonia to give the amidine 
guanidine, HN:C(NH,)^. Its formation from 
cyanogen chloride, to which the isomtnle struc 
turn fa assigned, can be explained by the inter- 
mediate formation of an additive compound 

(Nef): 

HNH,+C:N-CU Nf JSc:NCI 

“HjN C N + HC1 

VII. CYANATES. 

The cyanstes, salts of the acid HCNO, are 
not themselves of technical importance, but 
derive interest from their close relationship 
to the cyanides, from which they are readily 
formed by oxidation, and mto which they arc 
converted by reduction. This behaviour is held 
to support the “ tsocyanide " structure for the 
metallic cyanides, since the oxidation to cyanate 
fa then represented as a transition from divalent 
to tetravalent carbon : 

Na-N:C-*Na-N CiO 

In the case of organic derivatives of cyanic acid, 
two senes of compounds should exist, the 
normal cyanates R O-C • N, and the isocyanates 
R N.CiO. Only the latter have been isolated, 
however, as the normal cyanates are so unstable 
that they polymerise to trimenc cyanurates as 
soon as they are formed. 

Several reactions in which cyanates ore formed 
have already been desenbed, and need only be 
briefly mentioned here. Cyanates are formed 
by the action of alkalis on cyanogen (p. 503), 
or on cyanogen bromide (p. 504), and bv the 
oxidation of cyanides on heating in air (p 485). 
Ammonium cyanate fa produced under certain 


conditions by reaction between carbon, monoxide 
and ammonia (p. 494). An interesting synthesis 
of cyanio acid is described by Laude (Compt. 
rend. 1932, 194, 2070), who oxidises carbon 
compounds with potassium permanganate m 
concentrated ammonia solution, using copper 
powder as a catalyst. By using the oxidising 
medium in large excess, he obtained good yields 
of cyanio acid from methanol (34 g. per 100 g ), 
methyl iodide (22 g ), and pinene (16 g.), and 
even greater yields from more complex acids and 
their derivatives. 

The production af cyanates by the reaction of 
carbon dioxide and ammonia with alkalis such as 
caustic soda, sodium carbonate, or even sodium 
sulphide is frequently mentioned in the recent 
patent literature. The pressure synthesis of urea 
from carbon dioxide and ammonia, 

CO,+2 N H,«CO (N 1-1,),+ H,0, 

13 now an established technical process, and 
from the tautomeric relationship of urea to 
ammonium cyanato, 

CO(NH,) 2 ^ NH 4 CNO, 
it fa not surprising that, if the synthesis is 
earned out in the presence of alkalis at suitable 
temperatures, alkali cyanates result. Such a 
process is described in B.P. 359559, 1930, the 
working conditions being 50 atmospheres pressure 
and a temperature of 400°C. H. Wittek 
(B.P. 358745, 1930) protects the reaction 
between ammonia-carbon dioxide mixtures and 
alkali oxides in the presence of catalysts such 
as copper, manganese, alumina, and charcoal, 
and in F.P. 731167, 1932, a beneficial effect is 
claimed for the addition to the reaction mixture 
of substances which will diminish or prevent the 
presence of water (which fa formed m the 
reaction), such as carbon monoxide which 
reacts with it by the water gas reaction. The 
reaction temperature is generally between 600® 
and 800°C. The technical interest in these 
processes lies in the possibility of their being 
utilised as a step towards oyanido production, 
in B.P. 359559, for example, it is stated that 
cyanide results if the reaction product is sub- 
sequently heated with hydrogen, and in B P. 
358745 the addition of carbon to the solid raw 
material is proposed for the same purpose. 

Cyanic acla, HCNO, fa prepared by heating 
its polymer cyanunc acid, H,C,N,Oj, which is 
itself obtained by the action of water on 
cyanurio bromide, C a N a Br a , the triple polymer 
of cyanogen bromide (p. 604). It may also be 
prepared by warming urea with phosphorus 
pentoxide (Weltzien, Annalen, 1858, 107, 219), 
and condensing the evolved vapour at —18 C. 
It is a volatile liquid, having a smell resembling 
that of strong acetic acid. It is extremely 
unstable and changes rapidly, even at 0°C, 
Into the white amorphous polymeric substance 
cyamelide. Above 0°C. the change is explosively 
violent, and cyanuric acid fa also formed. The 
solution m dry ether is comparatively stable, 
but if a small amount of trietbyl phosphine is 
added, the triple polymer cyanuric acid is 
formed. The relationship botween cyanic acid, 
H C N O. cyanuric acid, (H C N O),, and cyamelide, 
(HCNO)j, where x probably equals 3, has wen 
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studied by Troost and Hautefeuille (Compt. 
rend. 1868, 67, 1340) and by van’t Hoff and van 
Deventer (“ Studies in Chem, Dynamics,” 1896). 
All of these substances yield the same vapour : 
at 150°C. and 50 mm. there is a triple point at 
which the two solid phases cyamelide and 
cyanuric acid co-exist together with the vapour 
phase. Above 150°C. cyanuric acid is the 
stable solid phase, and below 150°C. cyamelide. 
Cyanic acid is quite unstable (having a higher 
vapour pressure at the same temperature) with 
respect to cyamelide. 

The aqueous solution of cyanic acid is very 
unstable, rapid hydrolysis to ammonia and 
carbon dioxide occurring on warming : 

hcno+h 2 o=nh 3 +co 2 

Ammonium cyanate, NH 4 CNO, is pre- 
pared as a white snow by mixing the vapour of 
cyanic acid, well diluted with an inert gas, and 
gaseous ammonia. On warming the solid, or its 
aqueous solution, ammonium cyanate is con- 
verted into urea : NH 1 CNO=CO(NH 2 )j. The 
reversibility of the conversion and its equilibrium 
in aqueous solution have been investigated by 
Walker and Hambly (J.C.S. 1895, 67, 746); 
at 100°C., in NjlO solution, 5% of the cyanate 
remains unconverted at equilibrium, and the 
equilibrium is little affected by temperature. 

According to B.P. 354604, 1930. ammonium 
cyanate may bo used as a starting point for the 
preparation of the cyanates of the metals of the 
first two groups of the periodic table, by treating 
it in alcoholic solution or liquid ammonia solution 
at 30-35°C. with the appropriate metallic oxide 
or hydroxide. 

Potassium cyanate, KCNO, is readily 
prepared by grinding together dry potassium 
cyanide and the theoretical quantity of lead 
oxide, and heating the mixture to the melting- 
point of lead : 


Lead cyanate is a crystalline precipitate 
formed wheii solutions of a lead salt and a 
soluble cyanate are mixed. The dry salt is 
stable, but hydrolyses on boiling with water 
into urea and lead carbonate. 

Silver cyanate is slightly soluble in cold 
water (0-006 g. per 100 c.c. at 12°C.), but much 
more soluble in hot water. It is readily soluble 
in aqueous ammonia, and sparingly soluble in 
cold dilute nitric acid. 


VIII. THIOCYANATES. 

The thiocyanates or sulphocyanides, the 
sulphur analogues of the cyanates, are not in 
great demand in commerce, and the faot that 
some synthetic processes for their manufacture 
have at times excited technical interest is due to 
the possibility of converting them into the 
valuable cyanides ( see Alkali Metal Cyanides, 
p. 480). The, commercial requirements of thio- 
cyanates are at present completely satisfied by 
the gas works production, and this source could 
easily be expanded to meet any possible increase 
in the demand. 

Technical Methods of Preparation. — ■ 
1. From Ammonia and Carbon Disulphide. 
This synthesis was first brought into practical 
operation by Gelis (B.P. 1816 of 1860 ; see also 
Hofmann, Reports Juries, Intern. Exhib. of 
London 1862, 59). A concentrated solution of 
ammonia and ammonium sulphide was agitated 
with carbon disulphide, yielding a solution of 
ammonium thiocarbonate. 


(NH 4 ) 2 S+CS 2 =(NH 4 ) 2 CS 3 , 


which was then heated to 90~100°C. with 
potassium sulphide : 


2(NH 4 ) 2 CS 3 + 


K„S 

=2KCNS+2NH 4 SH+3H 2 S 


KCN-f PbO = KCNO+Pb 

The salt is recrystallised from water or dilute 
alcohol. J. Milbauer (Z. anorg. Chem. 1904, 42, 
433) observed the conversion of thiocyanate 
into cyanate by the agency of lead oxide at 
300°C. : 

KCNS+ PbO = KCNO+ PbS 

The oxidation of cyanide may also be carried 
out electrolytically, by electrolysing a solution 
containing 4-6 mols. of KCN and 1 mol. of 
KOH per litre at 4-6 volts, and a current 
density of 1-4 amps, per square decimetre of 
anode surface, agitating the liquor at the 
anode (Paternb and Pannain, Gazzetta, 1904, 
34, (ii), 152). The oxidation is almost quantita- 
tive. 

Potassium cyanate crystallises in thin trans- 
parent plates of sp.gr. 2-05, readily soluble in 
water and anhydrous ammonia, insoluble in 
absolute alcohol. It is fusible below red heat 
without decomposition. 

Sodium cyanate, NaC NO, may be prepared 
by similar methods to those described under 
potassium cyanate. Its solubility in water is 
10-68 g. per 100 g. of water at 16°C. It fuses 
without decomposition at about 500°C. 


Giinzberg and Tchemiae (B.P. 1148 of 1878, 
1359 of 1879, 1261 of 1881) avoided the trouble- 
some formation of large quantities of sul- 
phuretted hydrogen by heating 20% ammonia 
solution with carbon disulphide at 100°C. 
under pressure in stirred vessels. The reaction 
in this case is (Conroy, J.S.C.I. 1896, 15, 8) : 

4NH 3 +CS 2 =NH 4 CNS+(NH 4 ) 2 S 

The formation of ammonium sulphide increases 
the ammonia consumption and is responsible for 
the pressure developed during the reaction. 
Crowther and Rossiter (B.P. 1 7846 of 1893), and 
Brock, Hetherington, Hurter and Raschen 
(B.P. 21451 of 1893) overcame both drawbacks 
by adding lime to the charge, when calcium 
thiocyanate and hydrosulphide are formed : 

2NH 3 +2CS 2 +2Ca(OH) 2 

=Ca(CNS) 2 +Ca(SH) 2 +4H 2 0 

To avoid the formation of calcium thiocarbonate, 
the reaction must be carried out in the presence 
of an excess of ammonia, which is afterwards 
distilled off. The residual mixture is treated 
with carbon dioxide to remove sulphuretted 
hydrogen and to precipitate the equivalent 
calcium carbonate, and the clear solution of 
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calcium thiocyanate used for the preparation of j 
the thiocyanates of other metals. 

2. From Cyanamide and Sulphur. — A process 
is disclosed in B.P. 3S4662. 1931, and 412254, 
1932, for preparing thiourea by heating technical 
calcium cyanamide with sulphur or substances 
containing sulphur, or with sulphides, at 
temperatures up to 150°C., and then heating the 
reaction mixture to about 25Q°C^ when the 
thiourea is converted into thiocyanate and 
ammonia. If salts of the alkali metals are present, 
e g. potassium sulphate, a solution of potassium 
thiocyanate can be obtained by leaching the 
reaction product. The temperature at which 
cyanamide can he converted into thiocyanate 
is thus much lower than that at which it can be 
converted into cyanide (see. Alkaline Earth 
Cyanides, p. 488), but considering the thio- 
cyanate process as a step in a cyanide synthesis, 
it is doubtful whether this advantage of lower 
working temperatures can compensate for the 
further complications involved in converting the 
thiocyanate into cyanide (see Alkali 5 fetal 
Cyanides, p. 480). 

3. From Coal Distillation Gases. — -Coal distilla 
tion gases are at present the sole source of 
thiocyanates, which are found in spent oxide from 
gas purification, and also in gas liquor and 
ammonia still effluent. 

Spent Oxide may contain 0-10% of 
ammonium thiocyanate, depending on the 
composition of the gas being purified and on the 
conditions under which the oxide mass has 
been regenerated (rapid action with consequent 
rise of temperature favours thiocyanate forma- 
tion). The whole of the cyanogen contained in 
the spent oxide can be recovered as calcium 
thiocyanate by heating with milk of lime under 
pressure above IOO°C. (Marasse, G P. 28137), 
when the iron cyanide compounds and the free 
sulphur in the mass react to give calcium 
ferrocyamde and calcium sulphite, which then 
react together with more sulphur to give calcium 
thiocyanate and calcium 6ulphate ; tho iron 
appears as ferrous sulphide. According to 
Holblmg (Z. angew. Chem. 1897, 10, 162, 297) 
the reaction is only 70% complete, but the 
conversion is improved by using baryta or 
barium sulphide instead of lime, when a mixture 
of barium thiocyanate and barium thiosulphate 
is produced. 

Gas Liquor is virtually a very diluto solution 
of thiocyanate, as is shown by the following 
figures relating to Linder’s analyses of five 
English gas liquors (Chief Inspector of Alkali 
Works, 42nd Pep., 1905, 35) : 

Analysis in g [hire. 

Sample. 12 3 4 5 

HCN aaferro- 

cyanide . 0 068 0 0 0 576 0-460 0 0 

HCN as thio- 
cyanate . 1-688 4-457 1-238 1 029 1 042 
HCN as hydro- 
cyanic acid . 0 680 0 0 0 030 0 050 0 355 

The formation of ammonium thiocyanate in 
gas liquor is due to the action of dissolved air on 
the ammonium sulphide in the fresh liquor, 
giving ammonium polyBulphides which react 


with the ammonium cyanide present to give 
thiocyanate . 

(NH 1 ) l S 2 +NH 4 CN = NH 4 CNS+(NH 1 ),S 

Owing to its great dilution and its alkalinity 
(due to ammonia), this solution is unsuitable for 
the economic recovery of thiocyanate. The 
liquor is instead distilled in ammonia stills, and 
the gase3 (ammonia, carbon dioxide, sulphuretted 
hydrogen and some hydrocyanic acid) evolved 
are passed into sulphuric acid for the production 
of ammonium sulphate. The waste liquor from 
the stills contains about 0 15% of thiocyanate 
m the form of the calcium salt, which is best 
recovered as the cuprous salt by treating the 
acidified liquor with copper sulphate and a 
reducing agent such as sulphur dioxide (Parker 
and Robinson, B.P. 2383 of 1889), or by 
treating the liquor (after removing excess of 
calcium hydroxide with carbon dioxide) with 
freshly precipitated cuprous oxido (B.P. 11964 
of 1893). 

Formation ox Thiocyanate directly from 
Coal Gas — The hydrocyanio acid present in 
coal gas can be quantitatively fixed as thio 
cyanate under suitable conditions. Tho 
necessaiy sulphur for the reaction can be 
provided by scrubbing the gas with a sodium 
polysulphide solution (Marriott, B.P. 3311 of 
1877), or with a suspension of manganese 
dioxide in water, which produces sulphur by 
oxidising sulphuretted hydrogen in the gas 
(Campbell and Boyd, B.P. 10186 of 1888) 
H. Wood Smith, Gidden, Salamon and Albright 
(B.P. 13653 of 1901) proposed simply to scrub 
the gas w ith an aqueous suspension of sulphur, 
obtaining a solution containing up to 200 g. 
of ammonium thiocyanate per litre. This pro- 
cess is m operation at several gas works. In 
the process described by A. E. Broadberry 
(J. Gas Lighting, 1012, 31; B.P. 23624 of 
1909) tho sulphur is provided by spent oxide, 
which is charged into an ordinary punfier box 
and continually sprayed with water to keep it 
moist, while the gases pass upwards through it. 
The reactions are : 

HjS+2N H a + S= (N H|) 2 S 2 
(NH 4 ) 2 S 2 +HCN+NH s 

= (NH 4 ) 2 S+NH 4 CNS 

In order to prevent water-logging, the direction 
of the gas flow is changed at intervals, and the 
spent oxide charge is removed after 6-8 weeks 
The capacity of a 20 ft. by 20 ft. purifier box 
containing a 2 ft. layer of spent oxide is 3 5X_10* 
cu. ft. of gas per day, and 3-5 lb. of ammonium 
thiocyanate are obtained per ton of coal, in the 
form of a 26% solution. 

Properties op the Thiocyanates.— Am- 
monium thiocyanate, NH 4 CNS, crystallises 
in anhydrous, colourless leaflets of spgr. 1*3 
and melting-point 159°C. 100 g. of water dissolve 
122 g. of the salt at 0°C. and 162 g. at 20°C. 
It is readily soluble in alcohol. The fused salt 
above its melting-point is partly converted into 
the isomeric thiourea. At 220°C., decomposition 
into the volatile products ammonia, sulphuretted 
hydrogen and carbon bisulphide, occurs, and 
guanidine thiocyanate remains behind. 
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Potassium thiocyanate, KCNS, crystal- 
lises in anhydrous, striated prisms or needles 
of sp.gr. 1*9 and melting-point 172*3°C. It is 
deliquescent and very soluble in water : 

Temp. (°C.) ... 0 20 25 

Solubility (g./lOO g.) . 177-2 217 239 

It is also soluble in anhydrous ammonia, and in 
various organic liquids as follows : 

Solubilities (g./lOO g. of solvent). 
Acetone 20-8 at 22° 20-4 at 58° 

Ethyl 

acetate 0-44 at 0° 0-4 at 14° 0-2 at 79° 

Amyl 

alcohol 0-18 at 13° 2-14 at 100° 

Pyridino 6-76 at 0° 4-97 at 58° 3-21 at 115° 

The fused salt becomes deep blue at 430°C., 
probably due to the liberation of sulphur. 

Thiocyanogen, (CNS) 2 , is obtained by the 
action of a solution of a halogen in an anhydrous 
solvent on a metallic thiocyanate ; for instance, 
from a dry ethereal solution of bromine cooled 
to 0°C. and lead thiocyanate. On cooling an 
approximately Nl 2 solution of thiocyanogen 
in carbon bisulphide to — 70°C., almost colourless 
crystals melting at —3° to — 2°C. are obtained, 
which decompose at the ordinary temperature. 
The chemical behaviour of thiocyanogen is 
similar to that of the halogens : its electro- 
negative character is at least equal to that of 
iodine. The molecule is believed to contain two 
thiocyanogen radicles, and to have the con- 
stitution N;C-S-S-C|N (Soderback, Annalen, 
1919, 419, 217). A standard solution is used for 
determining the thiocyanogen values of fats ; 
with compounds containing one double bond 
they resemble the iodine numbers, but only one 
double bond in linoleic acid is attacked. The 
method has been used for finding the composi- 
tion of natural oils (Freudenberg, Arch. Pharm. 
1925, 263, 675 ; Z. Unters Lebensm. 1926, 51, 
15). 

Uses of Thiocyanates. — Thiocyanates do 
not find large-scale application in technical 
industry, the annual world output being 
estimated at 150 tons (Chem. Trade J. 1936, 
98, 434). The aluminium and tin salts have 
been used in the dyeing and printing industry 
to a small extent, and the yellow compound 
canarin, (g.v.) obtained by oxidising potas- 
sium thiocyanate with a strong oxidising agent 
such as chlorate and hydrochloric acid, has been 
used as a yellow dye for wool. Ammonium 
thiocyanate is used as a fixing agent in photo- 
graphy. 

Thiocyanates are plant poisons, and their use 
(especially in the form of the ammonium salt) 
as weed-killers has been proposed (see Chem. 
Trade J. 1936, 98, 498). Frankland and 
Silvester (J.S.C.I. 1907, 26, 231) investigated 
the germicidal properties of thiocyanates. They 
found that goldfish were not affected in 24 hours 
by concentrations of up to 260 parts per 100,000 
of thiocyanate in the form of the potassium 
salt, but that as little as 10 parts per 100,000 
were sufficient to control Bacillus coli communis. 
Thiocyanates are present in the animal organism, 
in the human saliva, gastric juice, conjunctiva 
secretion and urine. 


Organic thiocyanates have been proposed as 
insecticides (U.S.P. 1841458, 1932 ; Murphy 
and Peet, J. Econ. Entomol. 1932, 25, 123; 
Hartzell and Wilcoxon, B. 1936, 612). i 

Analytical. 

The methods of analysis described here are 
those commonly employed in technical labora- 
tories. For further details, an analytical 
textbook or a work on technical analysis should 
be consulted. 

The Detection of Cyanide Compounds is based 
chiefly on two characteristic, deeply coloured 
cyanide derivatives, namely Prussian blue and 
the red ferric thiocyanate. The Prussian blue 
reaction is given directly by ferrocyanides when 
their neutral or acid solutions are treated with 
ferric salt solutions, a blue precipitate or a blue 
coloration due to ferric ferrocyanide being 
produced. The reaction may be applied to 
simple cyanide solutions (after evaporating them 
down to small bulk with a little alkali if they are 
very dilute) by treating them with ferrous sul- 
phate solution to form ferrocyanide, and then 
producing Prussian blue by adding ferric salt 
solution, or better by adding an oxidising agent 
such as nitric acid to convert the excess of ferrous 
salt into ferric salt, with the same result. The 
latter procedure is stated to give quicker pre- 
cipitation of Prussian blue, and greater sen- 
sitivity (Vorlander, Ber. 1913, 46, 181). Ver- 
hoever and Johns (J. Amer. Chem. Soc. 1915, 

37, 601) give details of a method of this kind. 
The dilute cyanide solution is evaporated, 
after the addition of a little sodium hydroxide, 
in vacuo at a temperature below 70°C. to a 
volume of 1 ml., 0-2 ml. of 3% FeS0 4 and 
0-05 g. of KF are added, and after 10 minutes a 
small excess of 30% H N 0 3 . The blue colour is 
compared wth that produced by a known 
quantity of KCN under similar conditions. For 
a similar method Kolthoff (Z. anal. Chem. 1919, 
57, 1) claims a sensitivity of 2 mg. CN per litre. 

A deep red coloration due to ferric thio- 
cyanate is produced when a ferric salt is added 
to a neutral or acid thiocyanate solution. In 
the case of very dilute solutions, it is advan- 
tageous to shake the treated solution with a 
small quantity of ether to extract the ferric 
thiocyanate from the water. This test can be 
applied to cyanides by converting them into 
thiocyanates by means of ammonium poly- 
sulphide solution and can be made quantitative 
by matching the coloration produced with 
that of a standard thiocyanate solution. 
Johnson’s method (J. Amer. Chem. Soc. 1916, 

38, 1230) is as follows: an HCN solution con- 
taining 0-1-8 mg. of HCN is made alkaline with 
KOH, treated with 1 ml. of ammonium 
polysulphide solution, and evaporated to dryness ; 
the residue is extracted with acetone, which 
dissolves only the KCNS, and the acetone 
removed by evaporation ; the residue is dissolved 
in water and treated with 2 ml. of 0-5% FeCI 3 , 
the colour being matched by means of a standard 
thiocyanate solution. Castiglioni (Gazzetta, 
1933, 63, 171) treats the aqueous cyanide 
solution with sulphur dissolved in acetone and 
claims a sensitivity of 1 in 50,000. 
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Another sensitive colour test for cyanides is 
the sodium picrate test, which gives a reddish- 
violet coloration depending on the formation of 
sodinm wopurpurate when the cyanide is m 
excess, and of aromo-nitrophenols when picrate 
is in excess (A. C. Chapman, Analyst, 1910, 35, 
469). The liquid to be tested 13 mixed with an 
equal volume of a solution containing 005% 
picric acid and 0 5% NajCO,, and digested at 
40°C. for 1 hour. The colour is compared with 
that produced by a standard HCN solution, 
and the sensitivity is 1 part ofi HCN in 500,000 
of water (Waller, Proc. Roy. Soc. 1910, 82, B, 
674). 

Several colour tests have been proposed for 
the detection of minute concentrations of HCN 
in the atmosphere of Bhips and buildings afteT 
fumigation. In the benzidine copper acetate 
test (Pcrtusi and Gastaldi, Chem -Ztg 1913, 37, 
609; Hamer, J. Roy. Samt. Inst 1933, 53, 
663), the cyanogen formed by the action of HC N 
on cupric acetate oxidises benzidine to a blue 
substance. The test is carried out by dipping a 
filter paper into a mixture of equal volumes 
of a 0 3% solution of copper acetate and a 0 1% 
solution of benzidine acetate, draining surplus 
solution from the paper and introducing the 
damp paper into the atmosphere to be tested 
HCN concentrations of 0 002% and higher are 
readily detected, a blue coloration being 
developed in 10 seconds, but the rapid action 
makes it difficult to estimate the actual con 
centvation. In the mercuric chlonde test, the 
action of HCN on HgCI 2 to give non ionised 
Hg(CN)j and HCI is detected by having present 
an indicator nith a well marked colour change m 
the appropriate p B range, e <3 methyl orange 
(Sherrard, Public Health Reports, Reprint 
No. 1221, 1928, Treasury Dept, US. Public 
Health Service). The methyl orange mercuno 
chlonde test is much slower than the benzidine 
copper acetate test, and is therefore better 
adapted to the estimation of actual HCN 
concentrations. 

Cyanates are best characterised by the deep 
blue potassium cobalt cyanate, obtained by 
adding potassium and cobalt salt solutions to 
the cyanate solution made acid with acetic 
acid. Cyanide must be removed before the 
cobalt solution is added. 

The mtroprussides give a deep violet colora- 
tion with alkali sulphides. The colour is 
obscured if heavy metals which form dark- 
coloured sulphides have not been previously 
removed from the solution. 

Analysis of Alkali Cyanides . — Sodium and 
potassium cyanides are hygroscopic when cold, 
so that care is necessary in taking samples 
for analysis. The samples should be transferred 
immediately and without touching them with 
the hands to a hot iron mortar, coarsely crushed, 
and transferred to a well dried hot bottle, 
preferably fitted with a lightly greased glass 
stopper. Errors due to absorption of moisture 
in sampling occur very easily, and may be more 
serious than inaccuracies in testing 

The Estimation of Cyanogen is carried qut by a 
modified Liebig's method. 6 g. of the sample are 
weighed out and made up to 600 ml , and 25 
ml. of this solution, diluted to 200-300 ml , I 


are titrated with pure silver nitrate solution 
until a faint turbidity is visible. The reaction is 

2NaCN+AgN0 3 =NaN0,4-NaAg(CN),, 

and when this is completed, the further addition 
of silver nitrate leads to the precipitation of 
silver cyanide, thus : 

NaAg(CN) s +AgN0 3 =NaN0j+2AgCN 

The silver nitrate solution must be neutral and 
free from lead and zinc. It is standardised by 
means of a solution of pure sodium chloride 
(dried by heating to redness before weighing), 
using pure potassium chromate as indicator 
In impure solutions of cyanides, the end point is 
more easily observed if a bttle caustic soda and a 
few drops of 10% K ) solution are added before 
running in the silver nitrate solution. Welling* 
(Analyst, 1933, 58, 331) suggests the use 
of diphenyl carbazide as an absorption indicator, 
the end point being marked by a colour change 
from pink to violet Sulphides interfere with 
the test, but they are easily removed by shaking 
the solution with a little lead carbonate and 
filtration. The usual strength of silver nitrate 
solution is NJ 10, of which 1 ml is equivalent to 
0 0098 g NaCN For very dilute cyanide 
solutions, N/I00 silver mtrato may be used. 

Sulphide is generally estimated by Ewan’s 
method ( J S C I 1909, 28, 10; see also Rosstter, 
JS.CI 1911, 30, 583) 10 g of the finely 

powdered sample are dissolved in 15 ml, of 
ordinaxy water and a lead nitrate solution 
containing 2 4 g per litre is run m gradually. 
The mixture is stirred to coagulate the colloidal 
lead sulphide into brow n flocks, and the addition 
of lead nitrate continued until a drop of the 
liquid placed on a filter paper produces no dark 
coloration with a drop of lead nitrate solution 
The results obtained are low, but for small 
sulphide contents are made sufficiently accurate 
by taking 1 mol. of the standard lead nitrate 
solution as equivalent to 0 0007 g Na,S (if 
by multiplying the theoretical result by 1 25) 
The alternative method of sulphide estimation 
is by precipitating PbS by means of lead 
carbonate and oxidising the precipitate with 
boding nitric acid to PbS0 4 , which is washed 
and weighed. 

Water is estimated by weighing out about 1 g 
of the coarsely powdered sample into a email 
distilling flask (10-20 ml ), which is then 
evacuated by a good water pump or by a 
mercury pump. The flask is then gently warmed, 
finally to 200-3 00°C., when the whole of the 
moisture is expelled m a few minutes without 
appreciable decomposition of the cyanide. 

Carbonate is conveniently estimated by pre- 
cipitating a suitable portion of the solution with 
barium chlonde in the cold (to avoid decom- 
position of any cyanate which may be present). 
The precipitate is washed and titrated, together 
with the paper, with hydrochloric acid and 
methyl orange. 

Hydroxide may be estimated by a modification 
of Clennell's method (Chem. News, 1895, 71, 93) 

To 100 mL of the solution, standard AgNO, 
solution is added to give a permanent turbidity, 
excess of Ba(N0 3 ) 2 is then added to pre- 
cipitate the carbonate, which is filtered off and 
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washed with C0 2 -free distilled water, the 
washings being added to the filtrate. The 
filtrate is then titrated with standard acid and 
phenolphthalein. 

The Estimation of Chloride is carried out after 
removing cyanide from the solution by neutralis- 
ing it with dilute nitric acid, using methyl 
orange, and boiling for about 1 hour in a 
draught cupboard. This treatment also decom- 
poses any cyanate present. The chloride re- 
maining is then precipitated by a known excess 
of standard AgNO a solution, the AgCI filtered 
off and the excess of silver back-titrated with 
ammonium thiocyanate and iron alum, in the 
usual way. If ferrocyanide is present, it may be 
precipitated with excess of AgN 0 3 in ammonia- 
cal solution ; on acidifying the filtrate with nitric 
acid, AgCI is precipitated and may be weighed. 

Cyanamide in the presence of alkali cyanides is 
readily estimated by exactly neutralising the 
solution of 1 g. of the substance in 100-150 ml. 
of water with nitric acid, and boiling for 20 
minutes to expel HCN. After cooling, a few 
drops of ammonia and then an excess of AgN O s 
are added. The canaiy-yellow precipitate of 
silver cyanamide is filtered off and dissolved in 
cold dilute nitric acid, when a small residue of 
undissolved AgCN is usually left. The silver in 
the solution is then titrated against ammonium 
thiocyanate with ferric alum indicator. 

This method may be used for cyanamide in 
tho absence of cyanide, when the expulsion of 
HCN by means of nitric acid may be omitted. 
Por substances rich in cyanamide, it is better to 
estimato the nitrogen content of the silver 
cyanamide precipitate by Kjeldahl’s method, 
for although it contains all the cyanamide nitro- 
gen, the precipitate in this case is not pure 
AgjCNj (Caro, Z. angew. Chem. 1910, 23, 2405). 

Cyanate is estimated by acidifying the solution 
with nitric acid and boiling for at least 20 
minutes in a draught cupboard.' The oyanide is 
thereby expelled as H C N , and the cyanate is con- 
verted into ammoniumnitrate and carbon dioxide: 

HCN0+HN0 3 +H 2 0=NH 4 N0 3 -fC0 2 

.After cooling, the solution is boiled with excess 
of caustic soda and tho ammonia evolved is 
absorbed in a known excess of standard acid 
and estimated in the usual way. If cyanamide is 
present, some ammonia originates from it during 
the boiling with caustic soda, and in this case 
Ewan (J.S.C.I. 1904, 23, 244) suggests that the 
C0 2 ovolved when the sample is boiled with 
acid should be collected and measured in order 
to estimate the cyanate. 

Analysis of Ferrocyanides . — The most con- 
venient method of ferrocyanide estimation is by 
titration with a standard zinc sulphate solution. 
A precipitate containing zinc ferrocyanide 
is obtained, and the titration is continued until a 
drop of the solution no longer gives a blue colour 
with a drop of ferric solution. The procedure is 
as follows : a solution containing 10-2 g. of 
ZnS0j-7H = 0 and 10 ml; of concentrated 
sulphuric acid per litre is standardised against a 
solution of pure potassium ferrocyanide (10 g. 
K 4 Fe(CN) e -3H 2 0 per litre), 25 ml. of which 
is mixed with 25 ml. of a saturated solution of 
K 2 S 0 4 , 25 ml. of water and 10 ml. of 10% 


sulphuric acid. Equal volumes of the standard 
zinc and ferrocyanide solutions are required, 
and the precipitate has the composition 
Zn 3 K 2 [F'e(CN) e ] 2 (Meurice, Ann. Chim. 
Analyt. 1913, 18, 342). Subsequent titrations 
should be made as nearly as possible under 
the same conditions. The addition of an excess 
of potassium sulphate is made with tho object 
of eliminating variations in the composition of 
the precipitate and thus in the quantity of zinc 
solution required, depending on the nature of 
the met;d in the ferrocyanide used (Colman, 
Analyst, 1908, 33, 261; J.S.C.I. 1908, 27, 806; 
see also Treadwell and Chervet, Helv. Chim. 
Acta, 1923, 6, 559). 

Feld’s mercuric cyanide method (J. fiir 
Gasbeleuchtung, 1903, 46, 565 ; J.S.C.I. 1903, 
22, 1068) is more accurate. Ferrocyanide 

equivalent to 0-3-0-5 g. of yellow prussiate is 
boiled with 10 ml. of JV-NaOH and 15 ml. 
of 3Af-MgCI 2 solution (285 g. MgCI 2 per 
litre). The boiling is continued for 10 minutes 
to expel any cyanide completely as HCN, after 
which 100 ml. of boiling N/lO-HgClj, solution 
are run in, and the boiling continued for 10 
minutes to convert the ferrocyanide into 
mercuric cyanide. The mixture is then distilled 
for 30 minutes with 30 ml. of 3A r -H 2 S0 4 , 
the H C N evolved being absorbed in caustic 
soda and the cyanide in the resulting solution 
titrated with AgN0 3 , using Kl as indicator. 
Williams (J.S.C.I. 1912, 31, 468) avoids the 
conversion of ferrocyanide into mercuric cyanide 
by making use of the catalytic action of cuprous 
chloride, 0-05-0-10 g. of tho pure compound 
dissolved in HC1 being added to the ferrocyanide 
solution after expelling HCN by boiling with 
MgCl 2 (as above) or with Pb(NO a ) 2 , whioh 
also removes sulphide. On boiling the mixture 
for 30 minutes, the CN of the ferrocyanide is 
quantitatively removed as HCN. 

Analysis of Thiocyanates. — Volhard’s method, 
namely, the precipitation of insoluble silver 
thiocyanate by the addition of AgNO s to a 
thiocyanate solution which is neutral or acid 
with nitric acid, is used. The end point is 
determined by adding a small amount of a ferric 
salt to the solution before, titrating, the dis- 
appearance of the red colour due to ferric thio- 
cyanate indicating that the precipitation of the 
thiocyanate as silver salt is complete. A 
quantity of the solution containing about 0-25 g. 
of thiocyanate is diluted to 100-150 ml. 
with distilled water, acidified with 10 ml. of 
dilute HNO s , and 5 ml. of a 10% Fe(N0 3 ) 3 
solution are added. The mixture is titrated with 
A/lO-AgNOj solution. In analysing a gas 
works product for thiocyanate, ferrocyanide is 
first removed by slightly acidifying the solution 
and adding ferric alum. The filtrate is treated 
with acid sodium sulphite in excess, then with 
copper sulphate, and is boiled for a few minutes. 
The precipitate of cuprous thiocyanate, which 
may be mixed with copper sulphide, is filtered 
off, washed with boilmg water, and digested 
with excess of caustic soda. Cuprous hydroxide 
and sodium thiocyanate solution are formed, the 
latter being separated by filtration and titrated 
by Volhard’s method above. 

Analysis of Gas JVorhs Products . — Cyanide 
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and ferrocyaiude in gas purification sc asses arc Apart from the qualitative identification of 

determined by triturating 30-40 g. of the cyanadm glycosides in nearly two hundred 
material in a mortar with excess of cold caustic different flowers and fruit by O. and R. 
soda solution for several hours. A little Robinson (Biochem. J. 1931, 25, 1687; 1932 
FeS0 4 may be added to convert cyanide into 26, 1647 ; 1934, 28, 1712), more recent isolation 
ferrocyamde. The filtrate is treated with 4—5 and analysis of cyanidm pigments includes that 
times its volume of methylated spirit, which from the crimson antirrhinum by Scott-Moncrieff 
precipitates all the sodium ferrocyanide present (Biochem. J. 1930, 24, 753), elderberry skins and 
but retains carbonyl ferrocyamde (see p. 477), flowering currant by Nolan and Casey (Proc, 
thiocyanate, sulphide, and excess of caustic Roy. Irish Acad. 1931, 40B, 56; 1936, 43B, l)j 
soda in solution. The precipitate is then American cranberries by Grove and Robinson 
treated as described above (Colman, Analyst, (Biochem. J, 1931, 25, 1706), blackberries by 
1908, 33, 261 ; J.S.CJ. 1903, 27, 806; Skirrow, Karrer and Pieper (Helv. Chim. Acta, 1930, 13, 
J.S.G.1. 1910, 29, 319). 1067), violet. coloured radishes by Schudel 

The small quantities of cyanogen compounds (Dissertation, Zurich, 1918), shiso leaves by 
in concentrated ammonia liquor may be Chika Kuroda and Mizu Wada (Proc. Imp. 
estimated by converting them into feme thio- Acad. Tokyo, 1935, 11, 28), maize by Sando, 
cyanate and measuring the depth of colour by Milner, and Sherman (J. Biol. Chem. 1935, 109, 
means of a tintometer (Spiclmann and H. Wood, 203), and hibiscns by Yamamoto and Oshima 
J.S.C.l. 1919, 38, 43T, 3C9T). Thiocyanate (Sci. Papers Inst. Phys. Chem. Research, 
initially present is first estimated by acidifying Tokyo, 1932, 19, 134). 

the diluted sample with H 2 S0 4 in the cold, and The natural glycosides of cyanidin already 
removing ferrocyanide by means of a small known are the 3-glucosides ehrysanlhtmin, 
excess of iron alum ; a large excess of iron alum etc., the 3-galactoside tdaem the 3-digIuco- 
is then added to the filtrate, which is examined side mekocyanm, the 3-rhamnoglucosides ra- 
in the tintometer. Cyanide is next converted cyanin, antirrhxnin, etc , the 3.6 diglucoside 
into thiocyanate by digestion at 30-35*0 cyantn, the 3-pentoside hxbxgcxn, and the bi. 
with ammonium polysulphide solution, and a molecular glucostde and pentoaide eambuci- 
second estimation of the depth of colour is made cyantn. Acylated glycosides also occur. 
Thiocarbonate is converted into thiocyanate by Cyanidin chloride, C, 5 H n 0 4 CI, 3 5 7- 
djgestion at 70-75°C. for 45 minutes with NH f , tnhydroxy-2-m:p.dihydroxy phenyl -1.4-benzo- 
cyanide and ferrocyamde being unaffected. pyranol-anhydrochlonde crystallises readily 
The HCN content of coal gas is generally from 20% HCI when its pure glucosides are 
determined by treating the gaa with ammonium hydrolysed by boding with this reagent for 3 
polysulphido solution, when thiocyamo acid, minutes ; the crystals, long red-brown needles 
HCNS, is formed and can be estimated as thio. with metallic lustro, contain 1 HjO, which is 
cyanate (gee Voituret, Brennstoff-Chem. 1932, very difficult to remove, complete drying being 
13, 264; Pieters and Fenners, Het Gas, 1932, only obtained at 105°C. in high vacuum. The 
52,382). Alternatively the gas may be washed anhydrous salt does not melt below 300°C.; 
with a mixture of caustic Boda, ferrous sulphate, if dried at 50°C. it melts at once if dipped intoa 
and water (as in a cyanide washer) to obtain bath at 220°C , but does not melt if put in at 
the HCN in the form of ferrocyamde, which 200 8 C. and the temperature then gradually 
can be estimated by the mercuric cyanide raised. It is very soluble in methyl or ethyl 
method already described An account of alcohol; fairly soluble in dilute sulphurio acid ; 
different methods for the determination of HCN difficultly soluble in HCI. Neutral alcoholic or 
in coal gas 19 given by Brender h Brandis and aqueous solutions lose their colour on standing 
Bohlken, Pet Gas, 1933, 53, 194. owing tD pseudo-base formation, acids reproduce 

G. E. W. colour, slowly if cold, rapidly if warm. The 
CYAN I D J N is the most common and widely absorption spectrum shows one broad band with 
distributed of the anthocyan pigments of plants, ill defined edges. 

and occurs naturally in the form of various Cyanidin colour base separates in crystalline) 
glycosides. condition when a hot concentrated solution of 

It waa first isolated by Wdlstatter and the chlonde in alcohol is mixed with twice its 
Everest (Annalen, 1913, 401, 189) from the blue volume of water (ef. Willstattcr and Nolan, 
cornflower pigment eyanin. and may be obtained Annalen, 1915, 408, 13). It is fairly soluble 
by hydrolysis of this or any other of its naturally in alcohol or pyridine. 

occurring glycosides, or from its methyl ether, Cyanidin pseudo base, C,.H s ,0,, crystal 
peonidin, by demethylation, Glucoside-pig- hses with 1 H a O when a dilute solution of 
ments derived from cyanidin have been isolated the chlonde in alcohol is mixed with twice its 
from, or detected in, the flowers of blue and deep volume of water, warmed gently, then, after it 
purple cornflowers, Rosa gallica, peony, chry- has become colourless, evaporated in vacuo, ex- 
santhemum, dahlia (deep red), aster, poppy, tracted with ether, and the product crystallised 
Zinnia elegant, gladiolus (hybrid), Gatllariui from water. Readily soluble in water, alcohol. 
bicolor, Beltnxum autumnale, Tultpa Oetnenana, acetone or glacial acetic acid, it is insoluble in 
TrOjxecHum maxus, and in the fruits, or bemes, benzene ; with soda it gives a yellow coloration, 
of the sweet cherry, sloe, cranberry, red currant, with HCI cyanidin chloride is formed and 
raspberry and mountain ash. In 60 me cases crystallises out. When decomposed by means 
they are accompanied by derivatives of other of fused alkali, protocatechuic acid and phloro- 
anthocyanidins (eee various papers by WilUtfltter glucinol are produced. _ 

and his collaborators). Cyanidin chloride dyes wool (tin mordant) 
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blue-violet, cotton (tannined) violet, and unmor- 
danted wool fine rose (Willstatter and Mallison). 

Qualitative analytical tests for cyanidin 
include the reddish-violet colour of its amyl 
alcohol solutions on shaking with sodium 
acetate, turning to a pure blue with a drop of 
ferric chloride, the incomplete extraction by the 
“ cyanidin reagent ” and “ delphinidin re- 
agent,” the moderate resistance to oxidation in 
alkaline solution, and the complete precipita- 
tion from amyl alcohol by 5-6 volumes of 
benzene. Cyanidin can also be identified by 
the specific colour reactions of its various 
glycosides (G. Robinson and R. Robinson, ibid.). 

Many different syntheses of cyanidin have 
now been carried out, and these confirm the 
structure of the chloride which was first put 


HO, 



COH 


OH 

A 
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OH 


HO 


forward by Willstatter and Everest. The 
claims of Nierenstein and Malkin (Ber. 1928, 
61, B, 791 ; J. Amer. Chem. Soc. 1930, 52, 2864) 
that natural cyanidin chloride is not correctly 
represented by this accepted formula, have been 
dealt with by Robinson and Robortson (J.C.S. 
1928, 1503), Robinson (Chem. Age, 1928, 19, 337), 
Willstatter and Robinson (Ber. 1928, 61, [BJ, 
2504), Kuhn-Jauregg (ibid. 2506). 

The first synthesis was carried out by reduction 
of the related flavonol quercetin by Everest 
(Proc. Roy. Soc. 1914, 87, B, 444; 1914, 88, B, 
326) and by Willstatter and Mallison (Sitzungs- 
ber. Preuss. Akad. Wiss. Berlin, 1914, 769). More 
recently Asahina and Inubuse, using sodium 
amalgam in alkaline solution, have obtained 
cyanidin by the reduction of rutin (3-rhamno- 
glucoside of quercetin) and also, with more 
difficulty, of quercetin itself (Ber. 1931, 64, B, 
1256). Karrer, Yeu, and Reichstein (Helv. 
Chim. Acta, 1930, 13, 1308) have obtained small 
yields, using titanium trichloride as a reducing 
agent. Anthocyanidins have also been ob- 
tained from flavones by Kaoru Kondo and 
Hisao Segawa (J. Pharm. Soc. Japan, 1932, 52, 
353, 358). 

Willstatter, Zechmeister and Kindler (Ber. 
1924, 57, [B], 1938) synthesised cyanidin chloride 
using trimethoxycoumarin, and magnesium 
3:4-dimethoxyphenyl iodide, and Robinson 
and his collaborators have also synthesised it by 
various methods, the most satisfactory (J.C.S. 
1928, 1526) involving the use of O-benzoyl- 
phloroglucinaldehyde. 

Appel and Robinson (J.C.S. 1935, 426) have 
obtained pure cyanidin chloride by oxidation of 
tetramethyl-d-catechin by treatment with 


OMe 


MeO, 



CH ( \oMe 

I \ / 

CH-OH 


MeO CH 2 
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bromine followed by demethylation with 
hydriodic acid and phenol. Freudenberg, 
Fikentscher, Harder, and Schmidt (Annalen, 
1925, 444, 135), on the other hand, have 
obtained small yields of dl-epicatechin from 
cyanidin. 

The investigations by G. and R. Robinson 
(Biochem. J. 1933, 27, 206 ; 1934, 28, 1712) on 
the existence and occurrence of leuco-antho- 
cyanins show that the greater proportion give 
cyanidin chloride on treatment with hot hydro- 
chloric acid. 

In the case of such natural substances as the 
anthoxanthins (flavones and flavonols), tannins, 
catechins, and leuco-anthocyanins, as well as 
the anthocyanins, the 3':4'-dihydroxy grouping 
is by far the most common, a fact which affords 
a more reasonable explanation for the co-pro- 
duction of glycosides of cyanidin and the 
related flavonol quercetin in rose, wallflower 
and maize than the suggestion of Everest (Proc. 
Roy. Soc. B, 1918, 90, 251) and Sando (l.c.) that 
the cyanidin in these plants is derived directly 
from quercetin. The inverse correlation in the 
production of cyanidin and the unrelated flavone 
apigenin in Antirrhinum (Scott-Moncrieff, l.c.) 
and Dahlia (Lawrence and Scott-Moncrieff, 
J. Genetics, 1935, 30, 155) points rather to the 
metabolism of anthocyanins and anthoxanthins 
by parallel syntheses, each pigment being 
partially derived from a common component 
whose availability is strictly limited (Scott- 
Moncrieff, ibid. 1936, 32, 117). 

The genetical relationship between cyanidin 
pigmentations and those by the more oxidised 
delphinidin and the less oxidised pelargonidin 
is such that, when general anthocyanin produc- 
tion occurs, the more oxidised type is dominant 
to the less oxidised, and is also deeper and more 
blue-toned, e.g. in sweet pea the purple flower 
contains the delphinidin, the paler red the 
cyanidin, and tho even paler salmon the pelar- 
gonidin typo of anthocyanin (Scott-Moncrieff, 
ibid. 1936, 32, 117). 

R. S.-M. 

CYAN I N, the anthocyan pigment of blue or 
purple cornflowers, also occurs in Rosa gallica, 
deep red dahlias, brown wallflowers, etc. It is a 
diglucoside of cyanidin yielding cyanidin (1 mol.) 
and glucose (2 mols.) on hydrolysis. Willstatter 
and Everest (Annalen, 1913, 401, 189) first 
obtained it in a pure condition, as the crystalline 
chloride, from the blue cornflower; it is, how- 
ever, more readily prepared from Rosa gallica 
(Willstatter and Nolan, Annalen, 1915, 408, 1), 
or the deep red dahlia (Willstatter and Mallison, 
Annalen, 1915, 408, 147). The chloride, 

C 2 7 H 31 0 16 CI, red-brown rhombic leaflets con- 
taining 24 mols. of water, can only be completely 
dried at 105°C. in high vacuum. Air-dried it is 
very difficultly soluble in water, acetone or 
chloroform, difficultly soluble in cold alcohol or 
dilute HCI, insoluble in benzene. In 7% sul- 
phuric acid it is fairly soluble, but the sulphate 
separates out from the solution. Soda added to 
an acid solution gives a pure blue and sodium 
acetate a violet colour; ferric chloride gives a 
fine blue in alcohol, violet in water. It shows 
a single absorption band covering the green and 
blue ; it is optically active. W T illstatter and 
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Nolan give, for white light, [a] =—258° (±10°). 
The low “ distribution number ” (partition 
value between am} I alcohol and aqueous HCI) is 
normal for a diglycoside Rvcrate, ted needles, 
very soluble in water. Cyanm potassium salt, 
the blue pigment of the cornflower, was obtained 
crystalline, but not free from NaCI, by Will- 
Stutter and Everest, after purification by dialysis 
It is very soluble in water, insoluble in alcohol ; 
its blue aqueous solutions become colourless on 
standing owing to formation of a pseudo- base, 
whereas m 20% NaCI solution the colour is 
stable for months. 

Cyamn was the first anthocyan to be isolated ’ 
and successfully analysed It is very widely 
distributed G. and R, Robinson (Biochem. 
J. 1931, 25, 1687, 1932, 26, 1647; 1934, 28, 
1712) have shown by their qualitative tests on 
hundreds of flowers and fruits that cyamn 
with its dihydroxy grouping is by far the most 
common type, as is also the case with other 
flavan substances Cyamn has also been 
isolated from brown wallflowers by Scott- 
Moncneff (them Ind. Rev. 1929, 7, 630) and 
from shiso leaves by Chika Kuroda and Mizu 
Wad a (Proc. Imp. Acad Tokyo, 1935, 11, 28), 
who found that here it was sometimes combined 
with p coumanc acid. 

The position of the glucose molecules was 
uncertain for some time, Robinson favouring the 
5 position and Karrer the 3 These apparently 
opposing views have been united by Robinson's 
recognition that cyamn, pelargonm, peontn, 
mail in, petunin and delphin are all 3 5 dimono 
sides (J.CS 1931, 2665) This was confirmed 
by the synthesis of 3 5 p diglucosidyl ryamdin 
chloride (III) by Todd and Robinson (J C.S. 
1932, 2293) by condensation of 2-O-motio 
acetylglucosidylphloroglucinaldehyde (I) and 
to-O tetra acetyl gIucosidoxy-3 4 diacetoxy 
acetophenone (II), and subsequent deacetylation 
with KOH. 
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The 5-monoglu coside, eyanenin (IV), which is 
not known to occur naturally, can be obtained 
from cyamn by partial hydrolysis and has also 
been synthesised by L6on and Robinson (J.C.S. i 
1932, 2221). 


; Since the p B of the cell sap of blue corn- 
i flowers is slightly more acid than that of the red 
, Rosa Gathca, the blueness of the former may 
5 be dependent upon a colloidal phenomenon 
(G. and R. Robinson, Nature, 1933, 132 
l 626) 

> r. s.-m. 

CYANINE BLUE, Lntch’s Mae. A 
. “ mixed ” pigment of cobalt blue and Prussian 
i blue. 

; CYANINE DYES. The first cyanine dye, 
r prepared in 1856, appeared at the time to ba 
i valueless owing to its instability to light. In 
. 1873 Vogel discovered that various dyes, 

[ amongst them cyanine, possess the power 
i of rendering photographic plates, which normally 
, are sensitive only to light of short wave length, 

[ sensitive also to other wave-lengths, the sensitis 
mg maximum approximating to the absorption 
maximum of the dye (Ber. 1875, 8, 1635) 

: Whilst very interesting scientifically, even 
■ this action of cyanine seemed at the time to 
i have little practical value, since it was accom- 
panied by veiling and staining of the plate In 
1903, however, it was found that the related 
isocyanincs sensitise, without accompanying 
i defects, and a flood of German patents was tbo 
result, whilst the German chemists arrived at 
tho chemical structures of cyamno and tso- 
cyanme. At the time of the Great War, it was 
necessaiy that tho Allied Armies should have 
photographic sensitisers, because they are 
essential for aeroplane photography. This led 
Mills to his study of tho cyanines, and ho and 
his pupils established the structure of the whole 
group ; thus Pinacijanol, then the best ecnsitiscr 
for red Lgbt, had been discovered in 1905, but 
its constitution was not elucidated until J920, 
and TAiazole Purple, discovered m 1887, was of 
unknown structure until Mills’s publication in 
1922. The preparation of cyanines containing 
nuclei other than the original one, quinoline, 
greatly enlarged the field, as did observations 
that the new types of cyanines also had valuablo 
photographic properties ; some of them ore 
greatly superior to the older types 
At present certain cyanines, absorbing light of 
comparatively short wave-length, are used for 
conferring extra sensitivity upon gelatmo- 
chlonde photographic emulsions, such as ore 
used foe coating gaslight printing papers ; 
others, absorbing longer wave lengths, aro used 
to sensitise gelatmo-bromido photographic 
emulsions, such as aro used for plates and films, 
to any desired part, or to the whole, of the v istble 
spectrum; lengthening the chain which join* 
the nuclei in the cyanine molecule has mado 
feasible the preparation of infra-red sensitive 
photographic material, which is useful for 
distance photography and for certain kinds of 
scientific work. The cyanine dyes have not 
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only proved valuable to astronomers and other 
scientists, but also to the world at large, for 
their power of conferring sensitivity to light 
of various colours has made possible a true 
rendering of colour in monochrome and led to a 
great increase of speed, especially to artificial 
fight. The high achievements of modern 
photography are in fact largely due to photo- 
graphic sensitisers, of which the cyanines are 
amongst the most important. Sensitisers 
have also made possible photography in 
colour. 

Cyanines (4:4' -Cyanines), isoCyanines (2:4'- 
Cyanines), and xjj-Cyanines (2:2' -Cyanines ). — 
The blue dye, cyanine (Quinoline Blue), was 
prepared by Greville Williams by the action of 
caustic alkali on the alkiodide of impure 
quinoline (Trans. Roy. Soc. Edin. 1856, 21, 
377 ; Chem. News, 1859, 1, 15 ; 1860, 2, 219). 
Hofmann recognised that this quinoline con- 
tained lepidino (Proc. Roy. Soc. 1S63, 12, 410), 
and HoogewerfF and van Dorp showed that the 
ethiodides of the two bases condense, under the 
influence of potassium hydroxide in aqueous 
solution, to form the cyanine molecule according 
to the equation 

C a H,N-C 2 H 5 l + C l 0 H 9 N-C 2 H 5 [ 

= C 23 H 23 N 2 I + H 2 +HI 

(Rec. trav. chim. 1883, 2, 28, 41, 317 ; 1884, 3, 
337). They found that a purple dye, iso cyajiine, 
is produced by the action of alkali on the 
alkiodides of quinoline and quinaldine, and they 
represented its formation similarly (ibid. 1883, 
2, 317 ; 1884, 3, 337). Spalteholz independently 
discovered the isocyanines, but regarded them 
as containing two extra hydrogen atoms (Ber. 
1883, 16, 1847). He, and also HoogewerfF and 
van Dorp, pointed out that, in preparing 
cyanines and isocyanines, it is advantageous to 
use twice the calculated amount of quinoline 
alkiodide. Miethe and Traube’s discovery of the 
value of the isocyanines as photographic sen- 
sitisers (G.P. 142926, 1902) led to patents by 
various German firms, in which substituents 
were introduced to improve the sensitising 
action, and the acid radical was altered so as to 
increase the solubility (G.P. 158078, 167159, 
167770, 170048, 170049, 1903). This was largely 
the work of E. Konig. isoCyanines have 
appeared upon the market under the names 
Ethyl Bed, Homocol, Isocol, Orthochrome T, 
Pericol, Pinachrome, Pinachrome Violet, Pina- 
verdol and Sensitol Oreen, whilst cyanines were 
marketed under the names Ethyl Cyanine T and 
Quinoline Blue. 

The first suggestion as to the constitution of 
cyanines and isocyanines was made by Decker, 
who had discovered the alkylquinolinium pseudo- 
bases and regarded these as intermediates 
(Bor. 1891, 24, 690). Miethe and Book for- 
mulated the isocyanine molecule as having 
two quinolino nuclei linked in the 2:4'-positions 
to a :CH group (Ber. 1904, 37, 2008), but with 
two extra hydrogen atoms as suggested by 
Spalteholz. It was W. Konig who pointed out 
how unlikely is their presence and he gave 
formula: for cyanine (I) and isocyanine (II) 


which aie accepted to-day, the former with a 
4:4'-linking, the latter with a 2:4'-linking 



l:l'-Dialkylcyanine iodide. 
Bis-(l-ulkyl-i-quinoline)mcthincyanine iodide} 

I. 



l:i’-Dialkylisocyanine iodide. 
(l-Alkyl-2-quinoline)(l-alkyl-4-quinoline)melhin- 
cyanine iodide. 

n. 

(J. pr. Chem. 1906, [ii], 73, 100). Konig made 
the alternative suggestion that in cyanine 
and isocyanine one quinoline ring may have 
undergone fission to an open chain (ibid. 1912, 
[ii], 86, 166), but this was disproved by Mills and 
Evans’s synthesis of o-aminocinnamylidene- 
quinaldine methiodide, in structure very close to 
the open-chain formula for isocyanine, but differ- 
ing in properties (J.C.S. 1920, 117, 1035), 
and further evidence against it was advanced 
by Konig and Treichel (J. pr. Chem. 1921, [ii], 
102, 63). Vongerichten and Hofchen produced 
evidence that the 2-methyl group of quinaldine is 
concerned in isocyanine formation (Ber. 1908, 
41, 3054), whilst Kaufmann and Yonderwahl 
proved that the 4-position of the quinoline 
nucleus is involved (Ber. 1912, 45, 1404). The 
constitution of isocyanine (III) was definitely 
established by Mills and Wishart, by its oxida- 
tion to l-alkyl-2-quinolone and cinchonic acid 
alkochloride (J.C.S. 1920, 117, 579); whence that 



1 :1 '-Dialkyltsocyanine iodide. 
(l-Alkul-'d-quinoline}(l-alkvl-i-quinoline)methin- 
cyanine iodide. 

III. 

of cyanine follows. The formula of isocyanine 
is confirmed by Adams and Haller’s preparation 
of various isocyanines by the action of alkali 
on various lepidine alkiodides (J. Amer. 
Chem. Soc. 1920, 42, 2389), and by Hamer’s 
synthesis from lepidine ethiodide and 2-iodo- 
quinoline ethiodide (J.C.S. 1928, 206). She 
subsequently prepared complex isocyanines 
from 5-methylacridine methiodide and 2-iodo- 

1 See p. 530 for explanation of alternative nomen- 
clature for this and subsequent compounds. 
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quinoline alkiodide, but these were not sensi- 
ti*er3 (J C.S. 1930, 995). For accounts of the 
preparation of isocyanines, by the action of 
caustic alkali on alcoholic solutions of quaternary 
salts of substituted quinolines and quinaldmes, 
and of their properties, including optical and 
photographic properties, see Sheppard (J C S. 
1909, 95, 15), Wise, Adams, Stewart and Lund 
(Ind. Eng. Chem. 1919, 11, 460), Mills and Pope 
(Phot. J, 1920, 60, 183), Barlner (Bull Soc. 
chira. 1920, [iv], 27, 427), Hamer (JCS 1921, 
119, 1432; Phot. J. 1922, 62, 8), and Sakurai 
(Bull Inst. Phys. Chem. Res. Japan, 1932, 11, 
681, 1044); Hamer prepared complex tso- 
cyanines from quinoline alkiodide and 2 methyl 
acenaphthpyndine methiodide (JCS 1930, 
995). 

In naming isocyanines, plain numerals refer 
to the quinaldine nucleus, whilst thoso of the 
qumolino nucleus are followed by a dash 
(Mills and Pope, Phot J. 1920, 60, 183) Mills 
and Wishart’s formula for isocyanme (III) 
differs from Konig's (II) in that the acid radical 
is attached to the alternative nitrogen atom, w ith 
a corresponding difference m the conjugated 
chain uniting the nitrogen atoms Mills and 
Wishart suggested that the two formulae 
represent virtually tautomeric compounds 
(J.C.S. 1920, 117, 579), and virtual tautomensm 
has since been shown to be ft characteristic 
of cyanines of various types (Mills and Braun- 
holts, ibid. 1922, 121. 1489, Hamer, ibid 
1928, 200, Kuhn, Minteretem and Balser, 
Bcr 1930, 63, [BJ, 3176, Ogata, Proc Imp. 
Acad. Tokyo, 1932, 8, 119, Bull Inst. Phys 
Chem. Res. Japan, 1934, 13, 549; Brooker and 
Keyes, J, Amer Chem. Soc 1935, 57, 2488) 
Although tho acid radical in cyanines is not now 
regarded as attached to one nitrogen atom, to 
the exclusion of the other, static formulas are 
given throughout this article, for tho sake of 
clearness. For the convenience of naming 
definite examples, the anion in the formula: is 
usually represented as iodide, although other 
anions arc equally applicable. 

The cyanides, to use the term in its general 
sense, aro monacid salts w hich can com eniently 
bo crystallised from methyl or ethyl alcohol, but 
are only slightly soluble in hot water. The 
crystals usually contain solvent of crystallisa 
tion ; they hax o a metallic lustre and are often 
pleochroic. Although the solutions are de- 
colorised by excess of acid, tho colourless diacid 
salts are unstable. 

Although the 4 4'- and 2 4'-cyamnes have 
been known from such on early date, the pre- 
paration of 2.2'.cyamne (IV) by Fischer and 

00-00 
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j-l'-DimethjI 0 cyanine Iodide 
i?ii (bmrtbl/l 2 jvinoltne)metAinci/anine iodide 


proposed the name $ -cyanine (J.CS. 1924, 125 
1913). By effecting the condensation under 
modified conditions, Hamer prepared a number 
of 2 2 '-cyanines and noted that these also are 
photogTaphio sensitiscrs (J.C.S. 1028, 200). 
For the preparation of more complex ^ cyanines, 
2-iodo p naphthaqumolme alkiodide w as con- 
densed with an alkiodide of quinaldino or 
P napbthaqumaldine (Hamer and Kelly, ibid. 
1931, 777), and 2 iodoquinoline alkiodide was 
condensed with 2-methylacenaphthpyndine 
methiodide (Hamer, ibid. 1930, 993). The 
I.G. Farbemnd. A.-G. prepared the diethyl 
analogue of IV from I -ethyl 2-thioqumolone 
etbiodide and quinaldine ethiodide in pyridine 
(B P. 423792, 1932), whilst Kendall prepared 
IV from 2-methylthiolqumohne, methyl p. 
toluenesulphonate, and malonic acid in pyridine, 
followed by potassium lodido (B.P. 431141, 
1933). 

2 2'-, 2 4' , and 4 A'-Carbocyanines — The most 
valuablo sensitiser of its day, conferring photo- 
graphic sensitivity even to red light, was the 
blue dye Pmacyanol, which was discovered by 
Homolka and patented by the Farbwcrko vorm. 
Meistcr, Lucius and Briimng (G P. 172118, 1905) 
(later known also as Quinaldine Blue and 
Sensitol Bed , Naphthacyanole, Pinachromt Blue 
and Sensitol Violet belong to the same class) 
It was prepared by the action of caustio alkali 
on an alcoholic solution of quaternary salts of 
quinoline and quinaldine, in the presence of 
formaldehyde. The part played by formalde- 
hyde may also bo taken by a tnhalogenomcthane 
(G P. 200207, 1907) or by chloral hydrate (Ogata 
and Suzuki, Bull. Inst. Phys Chem Res 
Japan, 1934, 13, 488) The preparation of 
pinacyanolanditshoraologues(“ dicyamnts"), 
by the formaldehyde method, is described by 
0. Fischer (J. pr. Chem 1918, [n), 98, 2(M), 
Wise, Adams, Stewart and Lund (Ind. Eng. 
Chem. 1919, 11, 460), Mills and Pope (Phot. J. 
1920, 60, 253), Braunholtz (J.CS 1922, 121, 
169), MoudgiU (ibid. 1922, 121, 1509), Meos and 
Gutekunst (Ind. Eng Chem. 1922, 14, 1060), 
and Hamer (JCS. 1923, 123, 2333). Tischcr 
observed that the quinoline salt takes no direct 
part in the condensation {/ c.) ; although it has 
always been accredited with increasing the yield, 
a recent publication denies this (Lauer and 
Hono, J. pr. Chem. 1935, [n], 143, 305). Tho 
formula (V) for pmacyanol was suggested by 
Mills and Pope {/ c ) and established by Mills and 

Q3&&&.CQ 

NEt NEtX 

IlV-Dletbj 1 2 2'-caibocy swine lodWe 

Bit (l-tlhyl-2-i]mnohne)tnmethmeyamn« iodide, 

V. 

Hamer, who concluded from analysis that the 
compound i3 formed according to the equation 


IV. 

Scheibe, by condensing 2 iodoquinoline meth- 
sodido with quinaldine methiodide (J. pr. Chem. 
1920, [u], 100, SC) is much more recent. Instead 
of their term “ i/i-isocyanine,” Mills and Odams 


C 10 H fl N C,H,X+CH,0 

= C,,H„N,X+H.O+HX+2H, 


and who found that on oxidation it gives 
qumaldinic acid and l-ethyl 2 quinolono (J C.S 
1920, 117, 1650). Their formula was confirmed 



CYANINE DYES. 


017 


by Konig’s preparation from quinaldine cth- 
iotlide and ethyl orthoformate in the presence of 
acetic anhydride (Ber. 1922, 55, [B], 3293) ; 
Hamer, by using' pyridine instead of acetic 
anhydride, obtained 70-79% yields by this 
method (J.C.S. 1927, 2796), and further con- 
firmed formula V by converting methylene- 
diquinaldine dialkiodide (VI) into (V), by the 
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llethylenediquinaldine dialkiodide. 


VI. 

action of alkali in the presence of a quinolinium 
salt (J.C.S. 1923, 123, 246), and by reducing 
(V) to (VI) (J.C.S. 1925, 127, 211); a process 
for converting (VI) into (V) by treatment 
with an oxidising agent in a non-alkaline medium 
was subsequently patented (Soc. Chem. Ind. in 
Basle, B.P. 321155, 1928). Bosenhauer with 
Hoffmann and Unger (Ber. 1926, 59, [B], 946) 
obtained the methylene bases from quinaldinium 
salts in the solid state. By condensing such a 
base with iodoform, the 2;2'-carbocyanine (V) 
was synthesised by Fischer and Rosenhauer (Z. 
angew. Chem. 1923, 36, 330) and by Rosenhauer, 
Schmidt and Unger (Ber. 1926, 59, [B], 2356). 
Kuhn and Winterstein prepared 2:2'-carbo- 
cyanines, otherwise difficult to obtain, by the 
action of acetic anhydride and sodium formate 
on the appropriate methylene base, or on its 
salt with an organic acid (B.P. 328357, 1929). 
Sakurai has described the sensitising action of 
certain 2:2'- (and 2:4'-) carbocyanines (Bull. 
Inst. Phys. Chem. Res. Japan, 1932, 11, 1044), 
and Kendall the preparation of a 2:2'-carbo- 
cyanine, from 2-methylthiolquinoline, alkyl 
p-toluenesulphonate, glutaconic acid, and pyrid- 
ine (B.P. 431141, 1933). Ogata, Kawasaki and 
Masuda prepared a 2:2'-carbocyanine containing 
two nuclei isomeric with phenanthroline from a 
salt of the appropriate base, ethyl orthoformate, 
and acetic anhydride (Bull. Inst. Phys. Chem. 
Res. Japan, 1934, 13, 486) ; for preparing a 
simple 2:2'-carbocyanine, Ogata and Suzuki 
treated quinaldine methiodide with chloral 
hydrate and alkali (ibid. 488). 

When the constitution of pinacyanol was 
established as (V), Mills and Hamer predicted 
that, corresponding with this 2:2'-carbocyanine, 
there would also be a 2:4'- and a 4:4'-carbo- 
cyanine (VII and VIII) (J.C.S. 1920, 117, 1550) 
This prediction was soon fulfilled, for Mills 
and Braunholtz synthesised (VIII) (J.C.S. 



l:l'-Dlalkyl-2:4'-carbocyanlne salt. 
(l-Alt-yl-2-quinohne)(l-alkyl-i-<iuino!ine)trimclhin- 
cyanine salt. 

VII. 
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1 :1 '-Dialkyl-4:4'-carbocyanine salt. 
£is-(l-alkyl-i-quinoline)trimethincvanine salt. 

VIII. 

1923, 123, 2804), whilst Mills and Odams 
synthesised (VII) (ibid. 1924, 125, 1913). 
Thus Mills and Braunholtz showed that when 
quinaldine ethonitrate is condensed with di-o- 
formylalkylaminodiphenyl disulphide (IX), in 
pyridine solution, one product is (V), the di- 
sulphide having furnished the central carbon 


-S\ 




' x NRCHO OHC-RN' / \/ 

Dl-o.formylalkylaminodiphenyl disulphide. 

IX. 


atom of the three-carbon chain ; when lepidine 
ethonitrate is used instead of quinaldine etho- 
nitrate, the corresponding product must be 
(VIII). They identified this dye with Kryplo- 
cyanine (also called Rubrocyanine), which 
Adams and Haller had prepared by using a 
lepidinium instead of a quinaldinium salt in the 
carbocyanine condensation (J. Amer. Chem. 
Soc. 1920, 42, 2661), and which has proved a 
valuable sensitiser for infra-red light. By 
interaction of lepidinium salts, pyridine and 
ethyl orthoformate, Hamer prepared 4:4'- 
carbocyanines (J.C.S. 1927, 2796), together 
with neocyanine (q.v.). Mills and Odams, 
by the action of (IX) on a mixture of 
the ethonitrates of quinaldine and lepidine, 
synthesised the 2:4'-carbocyanine (VII). From a 
spectroscopic examination they concluded 
that the dicyanine, which had been prepared 
from quaternary salts of 2:4-dimethylquinoline 
and its derivatives (G.P. 155541, 1903 ; Fischer, 
J. pr. Chem. 1918, [iij, 98, 204; Wise and 
Adams, Ind. Eng. Chem. 1918, 10, 801 ; 
Mikeska, Haller and Adams, J. Amer. Chem. 
Soc. 1920, 42, 2392; Balkin, Ind. Eng. Chem. 
1923, 15, 379), is a 2:4'-carbocyanine. 

Thiacyanines, Thiacarbocyanines, Thia-2'- 
cyanines (Thia- 1/1 -cyanines), and Thia-i' -cyanines 
(Thiamocyanines). — Hofmann observed that a 
purple dye, which he regarded as the cyanine of 
the benzthiazole series, is formed by heating an 
aqueous solution of the alkiodides of benzthi- 
azole and 2-methylbenzthiazole with ammonia 
(Ber. 1887, 20, 2251). Mills showed that the 
reaction proceeds more readily in pyridine and 
isolated a yellow compound in addition to 
the purple one. Analyses led him to the 
surprising conclusion that the yellow dye is the 
cyanine (X), and the purple dye the carbo- 
cyanine (XI), of the benzthiazole series, and 
this was confirmed by synthesising the thia- 
cyanine (X). (XI) sensitised a gelatino-bromide 
and (X) a gelatino-chloride photographic emul- 
sion (J.C.S. 1922, 121, 455). The name thia- 
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cyanine is in accordance with international 
nomenclature and therefore preferred to the 
original term " thocyamne ” Similarly, the 
onginnl name “ carbothiocyantne ” for (XI) was 
first replaced by “ thiocarbocyamne " (Hamer, 
J C.S 1027, 2790), and has now become rtta 
earboeyantne The tlnacyamno (X) corresponds 
with ^-cyanine, isocyaninc, and cyanmc, and the 
thixcarbocyaninc (XI) with the 2 2'-, 2 4'-, and 
4 4'-earbocyamnes. Just ns the disulphido (IX) 
wu« used to synthesise 2 2'., 2 4', and 4.4'- 
carbocynmncs, so, similarly, by condensing it 
with 2 methylbenzthmzole ethiodidc. Mills and 
Brnunholtz obtained (XI) ; they lound that, 
in addition to the function of (IX) in providing 
the central carbon atom of the three carbon 
chain of a carbocyanmc, it also furnishes a benz 
thiazide nucleus, winch condenses with the 
quaternary salt available to give a dye in which 
tho nuclei ore linked by one CH- group; thus 
from (IX) and 2-mcthylbcnzthiazoIe ethiodidc, 
the other product is (X) (ibid. 1023, 123, 2804) 
Fisher and Hamer prepared Ihiacyanmea from 
a 2 methyllenzthiazohum or a I-metliyl-a 
naphthathiazohum chlorido, by tho action of 
amyl nitnto in tho presence of acetic anhydride, 
(J.t’S. 1930, 2502). Tho I G. Farbcnind. A G. 
applied this method to tho preparation of thia- 
cyanines with complex nuclei (BP. 400101. 
1031), and also described aminothiacyantnes 
(B P. 400951, 1931) Konig, Klcist and Gfitzo 
prepared ihiacyanmea, including one (XII) 
of considerable complexity, by treatment of 3- 
incthylbcnztlnazolone, or its derivatives, with 
magnesium methyl iodide (Ber 1031, 64, [BJ, 

s \ / S 'Y^ X I 

C.CH C I 

3 nXX 

■ L I 

H.c CH, H,C CH. 

CH. CH. 


XII. 

1004). Kendall prepared thiacyamncs by heat- 
ing together 2 rocthylthiolbcnzthiazole, alkyl 
p toluenesulphonate, malonic acid and pyridine 
(BP. 43114J, 1933). The I.G. Farhemnd A G 
prepared both symmetrical and imsymmctrical 
Ihiacyanmea by condensing 3 alkylthiobenzthi 



azolono nlkiodido w ith 2 methylbenzthiazoJo 
alluodide in pyridine (B.P. 423792, 1932). 
Closely related is Kendall’s method, in which a 
quaternary salt of 2-nictliylthioIbcnztluazolo 
reacts with one of 2 roelhylbenzthmzolo • 5io 
claims that it is advantageous to make the 
preparation and condensation of tho salts all 
ono process (B P. 421559, 1933). 

The Thiacarbocyn nines (XI " T h t azole 

Purple ”) were prepared by Konig and Mcnr 
by condensing a 2-methy Ibcnzthiazolmm milt 
with ethyl orthoformale, or anhydrous sodium 
formate, in the presence of various solvents (J. 
pr Chem. 1925, [u], 109, 324) Hamer found the 
ethyl orthoforvnate and pyridine method to be 
most successful in the caso of the tliiacarboeyan. 
ines (J C.S 1927, 2796), and subsequently con 
densed ethyl orthoformate, in tho presence of 
pyridine, with salts of mcthyl-a- and f] naphtha 
thmzolcs (.J C.S. 1929, 259S), as also did Brookcr 
and Kodak Ltd. (B I*. 35J201, 359103, 1929). 
The 1 G Parbeniud. A. G. used ethyl ortho- 
formate and pyndino in prcpnrmg tlimcnrbo 
cyanines with complex nucki (B.P. 390217, 
1931) and in preparing certain substituted 
tlnacarbocyaninea (BP 418745, 420971, 

1932; 421015, 1933), including those from 
mcthyJtctrahyilro a and p naplitlintluazolm 
(BP 427887. 1932) and irom 2 methyl jSjJ • 
naphtha thin zoic (B.P 452408, 1031) Kendall 
prepared thiacarbocyonmcs by heating together 
2 mcthylthiolbenzthiazole, nlko-p-toluono sub 
phonatc, crotomc anhydride, or glutnronic 
acid, and pvndino (B P. 431141 , 4J1J86, 193-3). 

Mills anil Brnunlioltz found that when the 
disulphido (IX) reacts with qumaldmo itho- 
nitrate, it behaves ns ovplaincd under tlna- 
cyanines, so Hint the 2 2'.cnrboiyonino (V) 
is accompanied by tho thia- 2’ cyanine (XH1) 
(JCS. 1923, 123, 2804) Hnmcr confirmed 


rrkccHt 

N 


3 I -IMalttvlthln-S'-cyanlne Iodide 
(l-AUi/l 2 quinolintH j nth i/I bewthiaiutejmitl m 
cyannie iodide 

xnr. 

this formula by pi cp.it mg thia 2'-cyauincs by 
tho action of caustic nlkah on tho afkioduks of 
2-iodoquinolmo and 2 nicthylbenzthiozolo (i bul. 
1928, 200), whilst more complex thia-2* 
cyanines wero prepared by using metliyl a ■ and 
p naphtha thiazolo alkiomdes and 2 iodo-/h 
naphthoqumolino alluodido (ibid. 1929, 2598; 
Hamer and Kelly, ihd. 19JI, 777) Tho 
I Q. rarbenmd, A -G. subsequently condensed 
2 lodoquinohno alkiodido with salts of still more 
complex thmzolo derivatives (BP. 400(01, 
1931), of mcthyltetrahydro-a- and B naphtha- 
thmzolcs (B I*. 427887, 1032), and of 2-methyl 
/3/9'-napbthathiazo)o (B P. 452408, 19J4) Ihey 
also prepared thia-2'. cyamnes by tho action of 
ptncfine on a mixture of l-ethyl-2 tlnoquinolone 
alkiodido nnd 2 methylbenzthiazolo alkiodide, 
or of quinaldme alkiodido and 3 etliyl-2-ndroao- 
midobenztinazolmo (B.P. 423702, 1932). Ken- 
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dall found it bettor to use alkyl-p-toluene- 
sulphonates of the thione compounds (B.P. 
438420, 1934) ; he also prepared thia-2'- 
cyanines by condensing salts of 1 -methyl - 
thiolbenzthiazole and quinaldine (B.P. 424559, 
1933). Beilenson and Hamer observed that 
introduction of chlorine or bromine atoms into 
the thia-, thiacarbo-, or thia-2'-oyanino molecule 
has little effect upon the absorption maximum 
(J.C.S. 1936, 1225). 

Mills and Braunholtz found that when the 
disulphide (IX) reacts with lepidine ethonitrate, 
the 4:4'-carbocyanine (VIII) is accompanied by 
lhia-i' -cyanine (XIV) (J.C.S. 1923, 123, 2804), 
which they had previously obtained by the 



3:l'-Dialkylthla-4'-cyanine iodide. 
(l-Alk!/l-i-quinoline)(3-aliyl-'2-benzthiazo!e)methin- 
cyanine iodide. 

XIV. 

action of caustic alkali on the alkiodides of 
2-methylbenzthiazole and. quinoline (ibid. 1922, 
121, 2004). Brooker and Kodak Ltd. con- 
densed quinoline alkiodide with alkiodides of 
methyl-a- and fl-naphthathiazoles (B.P. 378455 ; 
380140, 1930), whilst the I.-G. Earbenind. 
A.-G. used salts of still more complex thiazole 
derivatives (B.P. 400401, 1931), of methyltetra- 
hydro-a- and /J-naphthathiazoles (B.P. 427887, 
1932), and of 2-methyI-j3/J'-naphthathiazole 
(B.P. 452408, 1934). The I.G. Earbenind. A.-G. 
prepared thia-4'-cyanines by the action of 
pyridine and piperidine on alkiodides of lepidine 
and 3-methylthiobenzthiazolone (B.P. 423792, 
1932), and Kendall prepared them by con- 
densing quaternary salts of lepidine and 2- 
methylthiolbenzthiazole, or, conversely, of 4- 
methylthiolquinoline and 2-methylbenzthiazole 
(B.P. 424559, 1933). 

Euchs pointed out that certain sensitisers 
containing benzthiazole nuclei are superior to 
the older cyanines in that they inhibit chemical 
fog (Chem.-Ztg. 1933, 57, 853) ; this is also 
confirmed by Sobolev, Bondareva and Evteeva, 
who compared the sensitising action of various 
substituted cyanines containing benz- and 
naphtha-thiazolo nuclei (J. Appl. Chem. 
Russia, 1936, 9, 335). 

Other Cyanines and Symmetrical 
Carbocyanines. 


is followed by an account of further types made 
possible by methods depending on the reactivity 
of groups other than methyl. 

Indocyanines, Indocarbocyanincs, and Indo- 
-cyanines. — W. Konig pointed out that an 
indolenine salt such as (XV), can condense 


CMe 2 

(I 

NMel 


2:3:3-Trimethyl- 
indoleninc methiodlde. 


XV. 



l:3:3-Trimethyl-2- 

methyleneindoline. 

XVI. 


with ethyl orthoformate, in the presence of 
acetic anhydride, to give the indocarbocyanine 
(XVII) (“ Aslraphloxine ”) (Ber. 1924, 57, 685), 
which method was subsequently used by Ghigi 
(Gazzetta, 1933, 63, 698). Its sensitising pro- 
perties were noted by Hamer, who prepared 



l:3:3:l':3':3'-Hexamethy]mdocarbocyanine iodide. 
Jjis-(1:3:3-trimcthyl-2-indolenine)trimelhincyanine 
iodide. 

XVII. 


indocarbocyanincs by use of ethyl orthoformate 
and pyridine (J.C.S. 1927, 2796). They may 
also be prepared by condensation of the methy- 
lene base (XVI), which corresponds with (XV), 
with formaldehyde (Soc. Chem. Ind. in Basle, 
B.P. 312174, 1928). Kuhn and Winterstein 
prepared them by interaction of acetic an- 
hydride, sodium formate, and a methylene base, 
or its salt with an organic acid (B.P. 328357, 
1929). Ogata prepared (XVII) by treatment of 
(XV) with chloral hydrate and alkali (Proc. 
Imp. Acad. Tokyo, 1933, 9, 602). Wahl and 
the I.G. Farbenind. A.-G. made “ Indolenine 
Yellow ” by treating salts such as (XV), or the 
corresponding base (XVI), with an ester or salt 
of nitrous acid, in the presence of acetic 
anhydride (G.P. 459616, 1926). Kuhn, Winter- 
stein and Balser pointed out that neither the 
analytical results nor the colour of the compound 
accorded with the formula proposed, and they 
established that it is in fact the indocyanine 
(XVIII). By treating an acetic acid solution of 



Mills and Smith’s discussion of the reactivity 
of the methyl group in heterocyclic bases (J.C.S. 
1922, 121, 2724) is of especial interest in con- 
nection with those bases which have since been 
found to give cyanine dyes. In the present 
section, the plan has been adopted of dealing, in 
roughly chronological order, with each base 
which was employed, on account of its reactive 
methyl group, for cyanine dye formation ; this 


cio 4 

l:3:3:l':3':3'-Hexamethylindocyamne 

•perchlorate. 

Bis.{l:3:3-lrimetht/l-2-indolenine)melhinei/anine 

perchlorate. 

XVIII. 

(XVI) with sodium nitrite and then with per- 
chloric acid, they isolated the oxime perchlorate 
(XIX), and showed that this reacts with 
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nr 


CMe, 

' V CCH.NOH 


NMeCIO* 

3 3-DImethyl 2 atdoxlme tndolenlne methoperchlorate 

XIX. 

(XVI), in acetic anhydride solution, to give the 
indocyanine (XVIII); an vnsymmetncal indo- 
cyanine was also prepared (Ber.. 1930, 63. [B], 
3176), The intermediate (XIX) was also 
obtained, by the action of mtrosyl chloride on. 
(XV) or (XVI) (I.G. Farbciund. A -G., B P. 
350753, 1929). Nitrosylsulphnnc acid may bo 
used similarly (I C I. Ltd., Lweh, and Piggott, 
B P. 391215, 1931) Indo 2‘ cyanines (XX) 



13 3 l'-Tetramethyllndo 2' cyanine Iodide. 

{13 3 Inmethyl 2 indolen ineXi-melhyl 2-yui noline}- 
met/iincvaninc iodide 

XX. 

were prepared by reaction of (XV) with 2 lodo 
quinoline alkiodido m the presence of caustic 
alkali (Hamer, J.C8. 1928, 206), but tnethyl- 
amine is recommended as a better condensing 
agent (Kodak, Ltd , B P 408571, 1932). With 
complex compounds of tungstic or molybdic 
acid, the indocyanines and indocarbocyanines 
give colour lakes which are fast to light, etc 
(I.G. Farbemnd. A-G.BP, 448508, 1934) 

Oxacyanines, Oxacarbocy anines. Oxa- 2'. 

cyanines, and Oza 4' cyanines — K6nig and 
Meier « ere tho first to use 2 methylbenzoxazole 
methiodido for the preparation of a cyanine, 
condensing it with ethyl orthoformate and 
acetic anhydride to give an oiacarboeyantne 
(J. pr. Chem 1925, [u], 109, 324). Hamer 
subsequently earned out the preparation by 
using ethyl orthoformate in conjunction with 
pyridine and noted that the oxacarbocy anines 
have photographic sensitising properties (J.C S 
1927, 2796), Oxacarbocyanmes were similarly 
prepared from methyl a and (? naphthoxazoles i 
by lirooker and the Eastman Kodak Co. (U.S.P. 
1939201, 1933 ; 1962123, 1934) and from 
2 methyl fij}' naphthoxazole by the I.G. Far- 
bemnd. A.-G. (B.P. 432969, 1933). Kendall 
prepared oxacarbocyanmes by reaction of 
the 2.methylthiolbenzoxazole alko p-toluene- 
sulphonates with glutaconic acid (B P. 431141, 
1933), or with crotonio anhydnde, and pyridine 
(B.P. 431186, 1933). The colourless oxacyanines 
were prepared by Fisher and Hamer, by the 
action of amyl nitrite and acetic anhydride on 
salts of 2 methylbenzoxazole, and their pale 
yellow analogues were similarly prepared from 
methyl a- and ^-naphthoxazoles (J.CS. 1934, 
962). Kendall prepared oxacyanines by the 
action of lualonic acid on a 2-metbyIthiotbenz- 
oxazole alko p-toluenesulphonato in pyridine 
(B.P. 431141, 1933), and was able to prepare 
both symmetrical and u asymmetrical oxacyanines 
by reaction of a 2 methylbenzoxazole quaternary 
salt with one of 2-methylthiolbenzoxazole 


(B P. 424559, 1933) or of 3-alkyl-2 thiobenzoxa- 
xolone (B.P. 438420, 1934). The I G. Farben- 
ind. A.-G. obtained oxa -2 '-cyanines by condena. 
ing quaternary salts of 2 methylbenzoxazole 
and 1 -alkyl 2-thioquinoIone (B.P. 423792, 1932; 
"".P. 423827, 1933) and patented oxa 2'- and 

a 4 ' -cyanines containing naphthoxazole nuclei 
(B.P. 388898, 1931 ; BP. 432969, 1933). 
Kendall prepared oxa-2'-cyaninea from salts of 
2 methylthiolbenzoxazole and quinaldme (B P. 
424559, 1933). Brooker and Keyes found that, 
whereas the yield of oxa-2'-cyamne obtainable 
by the action of caustic alkali on an alcoholic 
solution of the ethiodides of 2-methyIbcnzoxa- 
zole and 2 lodoqmnolme is very low, it can be 
greatly increased by using a strong organic 
base as condensing agent (J. Amer. Chem. Soc. 
1935, 57, 2488). The parent oxa-, oxacarbo-, 
oxa-2'-, and oxa 4'-cyamnes are represented by 
formulas (X), (XI), (XIII), and (XIV) respec- 
tively, if each sulphur atom be replaced by 
oxygen. 

Selenacyamnes, SeUnacarbocyanines, Selcna- 
2’ -cyanines, and Selena-4' -cyanines . — Clark first 
used 2 methyl benzselenazole quaternary salts 
for the preparation of cyanines, and by their 
condensation with ethyl orthoformate and 
pyridine he prepared selenaearbocy anines, which 
ho found to be sensitisers (JCS 1928, 2313; 
cf I.G. Farbemnd. A -G , B.P. 383486, 1931 ; 
418745, 1932). From such salts or their 
derivatives, the I.G. Farbemnd. A -G prepared, 
by the action of amyl nitrite and acetic 
anhydnde, selenacyamnes (B P. 380792, 
400951, 1931), by condensation with quinohn- 
mm salts, selena-i'-cyamnes (B.P. 389969, 
400951, 1931; cf. US.P. 2051134, 1936). 
and by condensation with a salt of 2 lodo- 
quinoline or l-aIkyl-2 thioquinolone, selena 2'- 
eyamnes (BP. 386791, 400951, 1931 ; 403840, 
423792, 1932). The parent selena-, selena- 
carbo-, selena-2'-, and selena-4'-cyanines may 
be represented by formulas (X), (XI), (XIII), 
and (XIV) respectively, if each sulphur atom 
be replaced by selenium. 

2 1‘ -Cyanines, 4 I'-Cyanines, Thia V -cyanines. 
and Selcna-l'-cyamne*. — Fisher and Hamer used 
l-iodo»*oqumoiioe alkiodido, in place of 2- 
mdnojunoline alkwdide., for. cyanine condensa- 
tions. Thus with quinaldiniura salts in the 
presence of alcohol and alkali it gave 2.1 - 
cyanines (XXI), which were also obtained, in 
much lower yield, by condensation of the 
alkiodides of Moquinolmo and quinaldme. They 
pointed out that isoQumoline Red, which had 
been prepared by interaction of isoquinohoe, 
quinaldme, benzotnchloride, and zinc chloride 


NR V 37 


1 2’-DUlkyl 2.l'-cyaalce iodide. 

{l-AUcyl 2-7Uino/inel(J-attyi \Av>quiMUne)meWn- 
cyanine iodide 
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(Agfa, G.P. 40420, 1886) and formulated by 
Vongerichten and Homann as (XXII) (Ber. 
1912, 45, 3446 ; cf. Scheibe, Ber. 1921, 54, [B], 
786) is a 2:l , -cyanine of a special kind. 1-Iodo- 



CHPh 

isoQuinoline Red. 

l:Z'-Benzylidene-2:l'-cyanine chloride. 
l:2'fienzylidene(2-quinoline)(l'-isoquinoline)- 
methincyanine chloride. 

XXII. 


isoquinoline alkiodide was further condensed 
with lopidine alkiodide to give a 4:1 '-cyanine 
(XXIII) ; with salts of 2-methylbenzthiazole, 



l:2'-Dialkyl-4:l'-cyanine iodide. 
(l-Alkul-i-quinoline){2-alkyl-l-\s,oquinoline)‘ 
methincyanine iodide. 

XXIII. 


etc., to give Ihia-Y -cyanines-, and with 2-methyl- 
benzselenazolo alldodide to give a selena-V- 
cyanine. Whereas the absorption maximum of 
each l'-cyanine closely approximates to that of 
the analogous 2'-cyanine, the photographic 
sensitising action of the former is much weaker 
than that of the latter (J.C.S. 1934, 1905). 
Brooker and Keyes, by taking advantage of the 
reactive methyl group of salts of 9-methyl- 
phenanthridine, which may bo considered as a 
derivative of both quinoline and isoquinoline, 
prepared four cyanines. In each instance the 
absorption maximum lay nearer the blue end of 
the spectrum than that of the isomeride con- 
taining a /S-naphthaquinoline nucleus, whilst no 
sensitising action was shown (J. Amer. Chem. 
Soc. 1936, 58, 659). 

Thiazolocyanines, Thiazolocarbocyanines, 

Thiazolo-2’ -cyayines, Thiazolo-V -cyanines, 

Thiazolo -4' -cyanines, and Thiathiazolo-cyanines. 
— Mills and Smith pointed out the reactivity of 
the methyl group in a 2-methylthiazoIium salt 
and, by condensing 4-phenyl-2-methylthiazole 
methiodide with quinoline methiodide, obtained 
the 4-phenyl derivative of the parent thiazolo-i'- 
cyanine (XXIV) (J.C.S. 1922, 121, 2724; cf. 



3:l'-DIalkylthlazolo-4'-cyanino iodide. 
lZ-Jllkyl-2-tliiazole){l-alkyl-i-quinoUne)met}iin- 
cyanine iodide. 

XXIV. 


I.G. Farbenind. A.-G., B.P. 386903, 1931). 
From the same salt and the disulphide (IX) 
in pyridine, Mills and Braunholtz prepared the 
4:4'-diphenyl derivative of the parent thiazolo- 
carbocyanine (XXV) together with the corre- 


HC— S S— CH 

^ \ / % 

HC C:CHCH:CHC CH 

'S / 

NMe NMel 


3:3'-Dimethylthiazolocarbocyanine iodide. 
Bis-(3-methyl-2-thiazole) trimcthincyanine iodide. 


XXV. 


spending ihiath iazolocyanine (J.C.S. 1923, 123, 
2804). Fisher and Hamer prepared thiazolo- 
carbocyanines from 2:4-dimethylthiazolium 
salts by the pyridine and ethyl orthoformate 
method (J.C.S. 1930, 2502). Brooker and 
Kodak Ltd. showed that, as prepared by the 
latter method, these are accompanied by the 
corresponding neocyanines ( q.v .) (B.P. 408273, 
1931). Kendall prepared a thiazolocarbocyanine 
from 2-methylthiolthiazolium p-toluenesulphon- 
ate and malonic acid in pyridine (B.P. 431141, 
1933). Thiazolo-2’ -cyanin s (XXVI), prepared 



3:l'-Dialkyltliiazolo-2'-cyanine iodide. 
(3-Alkyl-2-thiazole)(l-alkt/l-2-quinoline)methin- 
cyanine iodide. 

XXVI. 


from 2-methylthiazolium and 2-iodoquinolinium 
salts, were described by Brooker, Keyes, and 
White (J. Amer. Chom. Soc. 1935, 57, 2492 ; cf. 
Kodak Ltd., B.P. 408569; 408570, 1932; 
I.G. Farbenind. A.-G., B.P. 386903, 1931), 
and thiazolo -1' -cyanines, similarly prepared from 

1- iodotsoquinolinium salts, were described by 
Fisher and Hamer (J.C.S. 1934, 1905). 

Oxazolo- and Selenazolo-2' -cyanines. — By con- 
densing 2-methyl-oxazolium or -selenazolium 
salts with 2-iodoquinolinium salts, Brooker, 
Keyes and White prepared oxazolo-2' -cyanines 
and a selenazolo-2' -cyanine (J. Amer. Chem. Soc. 
1935, 57, 2492). They may be represented by 
formula (XXVI), if the sulphur atom be replaced 
by oxygen and selenium respectively. 

Thiazolinocarbocyanines, Thiazolino-2' - 

cyanines, and Thiazolino-V -cyanines. — Quater- 
nary salts of 2-methylthiazoline were first 
applied to cyanine formation by Brooker, who 
by condensation with ethyl orthoformate and 
pyridine obtained thiazolinocarbocyanines, with 

2- iodoquinolinium salts obtained thiazolino-2’ - 
cyanines, and with a quinolinium salt obtained a 
thiazolino-l' -cyanine, all of which are photo- 
graphic sensitisers (J. Amer. Chem. Soc. 1936, 
58, 662). The formulas of these three types 
resemble (XXV), (XXVI), and (XXIV) respec- 
tively, but the thiazoline nucleus in each 
instance takes the place of the thiazole nucleus. 
As compared with the corresponding dyes 
containing the thiazole nucleus, those with - the 
thiazoline nucleus have their absorption maxima 
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nearer to the region of short wave-length 
(Brooker, l e.). 

Sehnazolmocarbocyanines. — White and Kodak 
Ltd. similarly used quaternary 6alts of 2- 
methylselenazohne to get xdenazoUnocarbo- 
cyamnes (B.P. 392410 ; 406074, 1931). The 
formula resembles (XXV), but the selcn 
azolino nucleus takes the place of the thiazole 
nucleus 

2 2' and 2 i'-Pyridoearboeyanines, other Pyrida- 
cyaiuTtes, end Afiscellaneous Cyanines. — Pyrida 
carbocyanmes cannot be obtained from pico 
li ilium salts by the general methods used for 
other carbocyanmes, but Rosenhaucr and 
Ballet succeeded in preparing 2 T -pyndocarbo- 
cyanines (XXVII) by treating 2 picolme quatcr- 
nary salts, m alcoholic solution, with potassium 
hydroxide and chloroform ; by usmg a y- 
picolinium salt, they prepared the 4'4' pyndo- 
carbocyamtte (XXVIII) (Ber. 1929, 62, 2724) 
Ogata and Suzuki prepared (XXVH) by 

CH CH CH 0 
NR NR1 

1 1' Dnlkil 2 2' pvrlJoiarbocj anlne Iodide 
Hi* (l-fllM 2 pyridine)trm\tt}iiTirj/anint iodide 
XXVII. 

N \cHCHCh/ ^ NR( 




\_r 


treating an a picobmum salt with chloral 
hydrate and alkali (Bull Inst. Phys Chem. 
Res. Japan, 1934, 13, 488) Hamer and Kelly 
were able to get 2 pyndo 2 '-cyanines (XXIX) 


0 - 


1 l'-Blalkyl 2 T-ulflo 2’ ci anlne Iodide 
(1 Alkyl 2 PlridineXl-aH t/l 2 q.uirwhnt\arM>M- 
cyanine iodide. 

XXIX 


EtN \=CH- 

\=/ CIO,NEt 

1 1*. Methyl * pyrido-2'-cy anlne perchlorate 
(l-El/iyl 4 pi/riiineXl-eVis/l-2-^uinoline)methin 
cyanine perchlorate. 

XXX. 


XXXI. 

used trielhylamino in condensing 2 lodopyri- 
dinium salts with 2-mcthyI thiazohum or sclcn- 
azolium salts, to give 2 ’-pyridolh i azolocyam nes 
(XXXII) AiiA2'-pyridosdenazolocyanine (XXXII, 
substituting Se for S) (J. Amer. Chem. Soc. 

HC— S 




C= 

NEt 


1935, 57, 2492), whilst 2 'pyridolhiasohno 
cyanines are similarly obtainable (Brooker and 
Kodak Ltd , B P. 437807, 1933). By con 
densmg quaternary salts of a pieoline and 
2.rnethyHhiolbcnzthiazolc, Kendall prepared 
2-pyndothiacyamne (XXXIII) and this general 
method of applying a reactive methylthiol 


cr> 


3 l'-DhlVvf 2' pvrldothiacianinc Iodide 
(I -Alkyl 2 rvridine)(d-eiUyl 2 benzUuazoMmeUnn 

CtfOWUW iMidt . 

XXXIII. 


by the action of caustic alkali on alkiodides of 
2 lodopyridme and quinaldme, but not by the 
alternative method of using those of a-picobnc 
and 2 iodoquinohoe (J.C.S 1931,777). Brooker 
and Kejes, by employing tnethylarome as 
condensing agent, however, were successful in 
preparing (XXIX) by the second method, and 
in improving its yield by the first method, 
and found this reagent superior to caustic alkali 
for 2'-cyamno preparations in general, and were 
thus enabled to make cyanines not previously 
accessible, such as 2 pyndo 4' -cyanine, 4 pyrido - 
2' cyanine (XXX). 2 2 '-pyridocya nines (XXXI), 
and 2 I'-pyridocyanines (J. Amer. Chem. Soc. 
1933, 57, 24SS). Beilenson and Kodak Ltd. 
found potassium carbonate to be superior to 
caustic alkali for cynmne condensations (B P. 
435542, 1933). Brooker, Keyes and White 


in conjunction with a methyl group was also 
applied to the preparation of xndothia-, tndoia , 
oraoiazolo-, oiotftia , and oxalhiazolo eyantnw 
(B.F- 424559, 1933). By condensing alkyl p- 
tolucnesuiphonates of 3 -methyIthiobenzoxaio- 
lone and a-picohne in pyridine, he prepared 
the oxa 2' -pyridotyanine (XXXIII, substituting 
O for S), and this method of using ally! 
p tolnenesulphonates of a thionc- and of a 
methyl- substituted base was also applied to 
some of the types mentioned above (BV. 
438420, 1934). 

(In naming tin symmetrical cyanines, other 
than those containing a quinoline or iroquinohne 
nucleus, confusion is molded by using plain 
numerals to refer to the nucleus which is men- 
tioned first, whilst the numerals with a dasb 
refer to that which is mentioned second. 
It is convenient to arrange the prefixes in 
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alphabetical order, e.g. indo- precedes oxa-, and 
oxa- precedes thia-.) 

Of other nuclei which have been introduced 
into cyanines, Hamer, Heilbron, Reade and 
Wails first used the quinazoline nucleus, 
preparing a quinazocarbocyanine from a 2-methyl 
salt, ethyl orthoformate and pyridine (J.C.S. 
1932, 251). Kendall, by taking advantage of 
reactive alkylthiol and methyl groups, prepared 
various types of cyanines containing one or 
two heterocyclic nuclei having two nitrogen 
atoms, such as quinazoline, pyrimidine and 
thiodiazole (B.P. 425609, 1933). By condensing 
the alkylthiol derivative of such an alko-p-toluene- 
sulphonate with malonic acid in pyridine, he 
obtained symmetrical cyanines, in which two 
nuclei of this kind are linked by :CH- (B.P. 
431141, 1933). With crotonic anhydride in 
pyridine a carbocyanine containing two thio- 
diazole nuclei was similarly prepared (B.P. 
431186, 1933). Ogata described a carbo- 

cyanine containing two benziminazole nuclei 
as being prepared from l:2-dimethylbenzimin- 
azole methiodide, diphenylformamidine, potas- 
sium acetate, and acetic anhydride (Proc. Imp. 
Acad. Tokyo, 1933, 9, 602). 

Bases, of which Cyanines are the Quaternary 
Salts. — Mills synthesised the ethiodide of di- 
benzthiazolylmethane, uhieh, by elimination 
of acid, gave the base (XXXIV), of which 



3'-EthylbcnzthIazolenyl-2-benztUiazolylmethane. 

XXXIV. 

(X) is the ethiodide (J.C.S. 1922, 121, 455). 
Clark, from 2-imino-3-methylbenzthiazoIine 
and quinaldine, prepared the base, of which 
thia-2'-cyanine (XIII) is the alkiodide (J.C.S. 
1936, 507). Kendall patented a series of such 
bases, including those of which 2:2'-, oxa-2'-, 
selena-2'-, thia-2'- and thia-4'-cyanines also indo- 
2'-carbocyanino, are the quaternary salts, the 
method being to condense a base, having a 
reactive methyl group, with a quaternary salt, 
having a reactive alkylthiol, or substituted 
aminovinge group ; the resultant bases sensitise 
differently from, and sometimes more powerfully 
than, the corresponding salts (B.P. 456362, 1935). 

Vnsymmeirical Carbocyanincs. — The methods 
which have been described so far for preparing 
carbocyanines lead of necessity to products in 
which the two heterocyclic nuclei are identical. 
It is true that mixtures of two quaternary salts 
may be used, as in the preparation of 2:4'- 
carbocyanines, but in this case the desired 
product must bo separated from the isomerides 
which accompany it. Apart from this, Mills and 
Raper were the first to prepare unsymmetrical 
2:2'-carbocyanines, by heating the methylene 
base from quinaldine ethiodide with a substituted 
quinaldinium salt and formaldehyde in alcoholic 
solution (J.C.S. 1925, 127, 2466). The Society 
of Chemical Industry in Basle claimed that by 
condensing 1 mol. of a compound X-CH:NH 
(e.g. formimino ethyl ether hydrochloride) with 
2 mols. of a heterocyclic ammonium salt con- 


taining a reactive methyl group, or with the 
corresponding pseudo-base, symmetrical carbo- 
cyanines result, whilst equimolecular quantities 
give an intermediate, which may subsequently 
be condensed with a second mol. of methylene 
base to give an unsymmetrical carbocyanine. 
Examples are the intermediate prepared from 
(XVI), also those from certain quinaldinium 
salts ; the first of these may be condensed 
with a second mol. of (XVI) to give (XVII), 
or with a different methylene base to give 
an unsymmetrical carbocyanine (B.P. 334706, 
1928). I.C.I. Ltd., Piggott, and Rodd similarly 
used diarylformamidines, ArNH-CH:NAr, to 
get either symmetrical carbocyanines (when 
2 mols. of quaternary salt containing a reactive 
methyl group are treated with one of 

ArNH-CH:NAr), 

of intermediates (when equimolecular propor- 
tions react). Thus (XV) heated with diphenyl- 
formamidino gives (XXXV), whilst in the 
presence of acetic anhydride its acetyl derivative 
(XXXVI) is produced (B.P. 344409, 1929). 


CMe 2 

VcH:CH-NHPh 

. / 

NMel 

2-te-Anilinovinyl-3:3-dimethy]indolenine methiodide. 
XXXV. 



CMe, 

' \ 

CCH:CHNAcPh 

, '/ 

NMel ■ 

2-co-Acetanllidovmyl-3:3-dimethylIndolenine 

methiodide. 

XXXVI. ■ 



They found that such intermediates, by heating 
with acetic anhydride, potassium acetate, and a 
second mol. of heterocyclic ammonium salt 
containing a reactive methyl group, give carbo- 
cyanines, for example, the intermediate from 
diphenylformamidine and quinaldine ethiodide 
gives with (XVI) the unsymmetrical indo- 2'- 
carbocyanine (XXXVII) ; that derived from 
2-methylbenzthiazole ethiodide gives with (XV) 
the indothiacarbocyanine (XXXVIII); (XXXVI) 
with 2-methylbenzoxazole ethiodide gives the 
indozacarbocyanine (XXXIX) ; and the inter- 
mediate derived from 2-methylbenzthiazole 
ethiodide gives with 2-methylbenzoxazole eth- 
iodide the oxathiacarbocyanine (XL) ; these 
four dyes are photographic sensitisers (B.P. 



l:3:3-Trimctbyl-I'-ethylindo-2'-carbocyaninc 

iodide. 

0:3:3-Trintethyl-2-indolenine)(l-et!iyl-2-quinoline)- 
trimethincyanine iodide. 

XXXVII. 
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Me s C 

^C.CH CHCHC / 

/ \\ . 

IMeN 


X) 


13 3 Trimethyl S'-ethyhndothlacarbocjanlne 
iodide 

(1 3 3-Tnmethyl-2-indoletnne)(3-etht/I 2 benzlhiazole)- 
tnmethincyamne iodide. 

XXXVIII. 


1 Me.C 

\ 7 

C.CHCHCH-r 

NEt IMeN' 


IMeN ^ 


1 3 3-Trlmetlisrl 3'-ethy]lndox* carbocj anlne 

(13 3 Trimethyl 2->ndolenine)(3 ethyl 2 benzoxazole ) 
trimrthincyanine iodide 

XXXIX. 


r /N V' S \ 

C CH CH CH 

Ov E « 


e-n 


3 3 -DlethiloxatMarntbocyaliine Iodide 
13 Ethyl-2 b<nzoxazole)t3 ethyl 2-benzthiazole)- 
tnmrthxncvamne iodide 

XL 

354898, 1930) Ogata applied their method to 
the preparation of various carbocyamnes 
and demonstrated the virtual tautomeriam 
of this series ; whereas the dye prepared from a 
quaternary salt A and the intermediate from a 
salt B is identical with that prepared from the 
»alt B and the intermediate from A, the yields 
may be different Ho obtained better results 
with the acetamhdo than with the anibno- 
intermediate. By use of dimcthylqumoline, 
etc, be prepared carbocyamnes with an extra 
methyl group, which was subsequently caused 
to react with p dimethylammobenzaldehyde 
(Proc. Imp. Acad. Tokyo, 1932, 8, 119; Bull 
Inst. Phys. Chem. lies Japan, 1934, 13, 601, 619, 
649, 556). In preparing an tndoyumazocarbo- 
c yanvnt, Kendail used pyridine, in pAate of acetic 
anhydride and potassium acetate (B.P. 425609, 
1933). The 1 G FaTbemnd. A -G states that 
indoxacarboeyanmes are especially good sen- 
eitisers (B.P. 442160, 1933) To prepare carbo 
cyanines containing an indolenine nucleus, 
they condensed an aldehyde, such as (XLI) 

yv CMe, 

[ [ ''c.CH-CHO 

I 3 3-TrImethiUndQUne 2 mcthylene-tu aldehyde 
XLI. 

(B.P 438278, 1933), with a quaternary salt con- 
taining a reactive methyl group (or with the, 
corresponding methylene base), in the presence 
of a solvent and condensing agent (B.P. 438603, 
1933). 


Cyanines tcilh Substituents on the Cham — 
The first recorded instance of a cyanine sub 
stituted on the chain is the dnutro- denvatne 
which Mills and Hamer obtained by treating 
2.2'-carbocyanme with nitric acid (J CS. 1920, 
117, 1550 ; Hamer, ibid. 1928, 3160), and the 
second is neocyantne, which will bo dealt njth 
in a later section. A direct synthesis of 
the 10 phenyl 2 2'- carbocj anine (XLII) was 


CO 


CH CPh CH l; 


10-Phenjl 1 l’-dlmcthyl 2 2' carbocj anlne chloride. 

JJ»i (1 methyl 2 Qu\nohne)p ThenyUnmeVnncyainne 
chloride, 

XLII. 

effected by Fischer and Rosenhauer (Z angcw, 
Chem. 1923,38, 330), and by Rosenhauer, Schmidt 
and Unger (Ber. 1926, 59, 2356), by heating the 
methylene base from quinaldine methomethyl- 
sulphate with henzotnchlondo in alcoholic 
solution (e/. Ogata and Suzuki, Bull Inst.Phjs. 
Chem. Res. Japan, 1934, 13, 479) Hamer, by 
heating quaternary salts containing a reactive 
methyl group with ethjl orthoacetate m the 
presence of pyridine, succeeded in preparing 
9 T/ielhyWttacarbocyanines (XL1I1), the results 


"c CH CMe CH C 

„ / W , 

NR RIN 

0 Metliyl 3 3' dlalkylthlacarbocj aninc Iodide 
JUt (3-aU.yl 2-benzthiazolgfi mcthyUnmelhincyiintM 

XLIII. 

being negative with other types of heterocyclic 
bases (J.C S. 1928, 3160). Subsequently 9- 
methyltbiacarbocyanincs were obtained from 
1 -methyl u- but not from 2-methyl f! naphtha- 
thiazolium iodides (i bid 1929, 2598). Brooker 
and White, however, obtained a 9 methyl- 
thiacarbocyanme from 2 methy 1 $ naphtha- 
ttuaxole, by usw.g the «ttvo~p tcAwcwJwdph'ina.te 
instead of the ethiodide of tho base. They 
prepared 9 rntthylselenacarbotyamne and 9- 
tn ethyloxaea rh ocyan in t by use of a 2 methyl- 
bcnzoxazolium iodide, ethyl orthoacetatc, and 
tneihylamme in pyridine solution. They 
observed that D-mcthylthiacarbocyanwo >* 
formed on heating a 2-methyIbenzthinzobum 
salt with pyridine only, and that this same 
method is applicable to salts of methyl «- 
and /J-naphthathiazoIes, 2 methylbenzselenazole, 
and S-methylbcnzoxazoIe (J. Amer, Chem. Boc. 
1935, 57, 547). By condensing 1-methyl- 
benzthiazobum salts in tho presence of pyridine 
with various ortho-esters, they prepared thia- 
carbocyamnes in which tbe central carbon atom 
of the chain earned an alky!, aryl, or aralkyl 
group- Q-Eihyl- and 9 phtnyl-sdcnacarbocyanme 
and 9 ethyl oxacarbocyanine were also described 
(J. Amer. Chem. Soc. 1935, 57, 2480). Bhita 
and Kodak Ltd. prepared 1-etkylscknazohno’ 
carbocyamnes (B.P. 392410, 1931), and Brookef 
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prepared 1-ethyllhiazolinocarbocy (mines (J. Amer. 
Chem. Soc. 1936, 58 , 662). Arranging the 
thiacarbocyanines in order of increasing wave- 
length of absorption maximum, Brooker and 
White found the 9-substituents to fall in the 
order Me, Et, H, Ph, and the 4:5:'4:5'- and 
6:7:6':7'-dibenzthiacarbocyanines and selena- 
carbocyanines were similar, but the oxacarbo- 
cyanines abnormal (J. Amer. Chem. Soc. 1935, 
57, 2480) ; the same order was later found for 
6:6'-dichloro- or -dibromo- substituted thia- 
carbocyanines (Beilenson and Hamer, J.C.S. 
1936, 1225). The I.G. Farbenind. A.-G. has 
patented weso-substituted oxa-, s’elena-, or 
thia-carbocyanines, which are variants of those 
described above, through having either more 
complex nuclei or nuclei carrying substituents 
(B.P. 396217; 402458; 410481, 1931; 415949, 
1933; 418745; 420971; 421015; 427887, 

1932; 432969,1933; 452408,1934). Although 
they have patented dyes prepared by the action 
of carbon tetrahalogenide on a methylene 
base derived from a methyl-indoleninium salt 
(e.g. (XV I\, derived. from (XV) or from the 
corresponding 2-methylbenzthiazolium or quin- 
aldinium salts, no formula is given (B.P. 373160, 
1931). Kendall and Ilford Ltd. patented the 
preparation of meso-substituted carbocyanines 
by using an imino-ether, R'0-CR:NH, instead 
of an ortho-ester (B.P. 404997, 1932) ; also by 
condensing a quaternary salt, containing a 
reactive methyl group, with an acid anhydride, 
in the presence of an acid-binding agent (B.P. 
369236, 1930). 

Ogata found the 9-methyl group of thiacarbo- 
cyanines to be reactive : by treatment of a 
9-methylthiacarbocyanine with furfuraldehydo, 
benzaldehyde, or p-dimethylaminobenzaldehyde 
in the presence of alcohol and piperidine, he pre- 
pared the corresponding 9-furylvinyl-, 9-styryl-, 
or 9-p-dimethylaminostyrylthiacarbocyanme 
(XLIV) (Bull. Chem. Soc. Japan, 1936, 11, 262). 



3:3 -Diethyl-9-jJ-dimethylaminostyrylUiiacarbo- 
cyanine iodide. 

Sis-(3-elhyl-2-benztln<uole)p-p-dimet/ii/laminosWiT/l- 
trimethincyanine iodide. 

XLIV. 

By making use of the ortho-ester of thiophen- 
a-carboxylic acid, the I.G. Farbenind. A.-G. 
prepared carbocyanines with an a-thienyl group 
in the incso-position (B.P. 403845, 1932). They 
also introduced, into this position, groups such as 
cyclohexyl-, furyl-, or pentadecyl-, by treating a 
benzoxazolium salt, containing the desired 
group in the 2-position, with sodium ethoxide in 
alcohol, followed by a quaternary salt containing 
a reactive methyl group (B.P. 439359, 1933). 
By means of ortho-esters, RS-CH 2 -C(OEt) 3 , 
the RS-CHy group was introduced into the 
9-position of thiacarbocyanines, but neither this 
nor the introduction of alkylthiol groups into 


the rings improved either the photographic 
sensitising or the stabilising action of the parent 
dyes (Kiprianov, Suitnikov and Suitsch, J. 
Gen. ChenJ. Russ. 1936, 6, 576). 

The foregoing methods lead to meso-substituted 
symmetrical carbocyanines, but the I.G. 
Farbenind. A.-G., by utilising the alkyl egter of 
an arylated thioimide, ArMCR-SR', prepared 
unsymmetrical carbocyanines with the sub- 
stituent R in the meso-position (B.P. 412309, 
1932). 

Konig, Ifleist and Gotze, by condensing 
2-ethylbenzthiazole methiodide with ethyl 
orthoform;ite, isolated a thiacarbo cyanine 
(XLV), in which the two lateral carbon atoms of 
the chain bear substituents (Ber. 1931, 64, 1664). 



3:8.10 : 3'-Tetrametliylthiacarbocyanine salt. 

Bis-(3-methyl-2-benztAiazole)ay-dimethyUrimethin- 
cyanine salt. 

XLV. 

The I.G. Farbenind. A.-G. applied such quater- 
nary salts, in which the reactive methyl group is 
replaced by — CH 2 R, to the preparation of other 
symmetrical and unsymmetrical carbocyanines 
with one or more R groups in tho a-position in 
the chain (B.P. 405309; 411876, 1931), and also 
to obtaining 2'-cyanines, e.g. XLVI, in which tho 
nuclei are Jinked by :CMe- (B.P. 405309, 1931 ; 



8:G'-Pimcthyl-3:l'-(iiethylthia-2'-cyanine iodide. 

( G-Methyl-l-eihyl-2-quiiwline)(Z-ethyl-2-benzthiazole )- 
melhylmdhincyanine iodide. 

XLVI. 

423792, 1932). Gotze, however, reported 
that when ethiodides of 2-ethylbenzthiazolo- and 
2-iodoquinoline are treated with alkali, the 
2'-cyanine is accompanied by an unknown dye 
(Angew. Chem. 1936, 49, 563). 

By heating the alko-p-toluenesulphonate of a 
base containing an alkylthiol group (or, alterna- 
tively, the isomeric thione) with cpclopentadiene 
and pyridine, Kendal] prepared carbocyanines in 
which the three-carbon chain, joining the hetero- 
cyclic nuclei, itself forms part of a cyclopenta- 
diene nucleus. The method was applied to the 
preparation of carbocyanines from dimethyl- 
thiolthio-/?/i'-diazole, and of 2:2'-carbocyanines 
(e.g. XLVII), as well as of oxa- and thia- 



l-l'-DinietbyI-9:ll-viny]ene-2:2'-carbocyanine 

iodide. 

Bis-(l-mcaivl-2-quinoline)a.y-vinylenelrimcthin- 
cyanine iodide. 

XLVII. 
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carbocyanines. By using indene instead of 
cyelopentadicne, an o phenylene group may be 
introduced instead of vinylene, and this has been 
done with oxa , thia-, 2.2'-, 2 2'.pyrido, qumazo-, I 
and 4.4'-pyrimido carbocyanines (e g. XL VIII), 
besides others containing two thio )5/5'- or thio- 
ojS'-diazole nuclei. According to the nature of 



NEt 


NEtBr 


2 2'-Dim€th>lthlol-l l’-diettnl $ 7 o phenjlenc- 
6 C'-pyrlmldocarbocyanlne bromide 
Btt (2 mtUmUhial l-ethyl 6 Pi/nnuiineiay-o pftenj/tctK- 
tntneVnncyaninc bromide 

XLvrn. 

the nuclei, the compounds sensitise, or even 
desensitise, chloride or bromide emulsions, 
tho cychsation of the chain has a hypsochromic 
effect (B.P 431142; 431187, 1033). 

Dicarbocyanmes — Beattie, Heilbron and 
Irving condensed a heterocyclic ammonium 
salt containing a reactive methyl group (or the 
corresponding methylene base) with derivatives 
of bromo , chloro. or mtro malondialdehyde, 
ot a suitable acialdehyde derivative, t g 
tho and of a bromo p ambnoaeraldehyde, 
PhN CH CBr CH NHPh, either m pyridine in 
the presence of piperidine, or m acetic anhydride 
in the presence of potassium acetate ; they thus 
prepared cyanines in which the two heterocyclic 
nuclei are linked by a five carbon chain, the 
central carbon atom of which carries as sub 
stituent Br, Cl, or NO, As cyanines with a 
three-carbon chain had been designated “ carbo 
cyanines,” these new dyes were called “ dicarbo 
cyanines ” By using alhiodidea of quinaldine, 
Jepidine,2 methylbcnzthiazoIe,2 3 3 tnmethyhn 
dolemnc, and 2 methylbcnzoxazole, there were ob- 
tained. respectively, meso substitvted 2 2'-, 4 4'- 
Ihia-, tndo-, and oxa-dtcarbocyanmes (t g XLIX)’ 

R CH CH C(NO s )CH.CH R* 

CMe, 

R»| | ; R‘m 


A / 

v NMe 


XLIX. 

They found that whilst the halogenodicar- 
boejanines are sensitiscrs for tho deep red 
or near infra Ted, the corresponding nitrodi 
carbocyanines possess desensitising properties 
(J.C.S. 1932, 260; cf. I.C.I, Ltd., Heilbron, 
and Irving, B P. 35J8S9, 1930). By the action 
of p anilmoacraldcbyde and, 

PhNH CH CH CH.NPh, 

in acetic anhydnde, on an cquimolecular 
quantity of a salt such a a (XV), I.C I. Ltd , | 


Piggott, and Rodd isolated an intermediate 
compound, which, by condensation with a 
heterocyclic ammonium salt containing a 
reactive methyl group, gave a dicarbocyawne 
with an unsubstituted five carbon chain. 
Where the two quaternary salts aTe the same, 
the resultant dye 13 symmetrical, whero they 
differ it is unsyramctrical : eg the inter- 
mediate from (XV) with l-mcthylbcnztlnazolo 
ethiodide gave (L), or, alternatively, this was 

R CH CH.CH CH CH R‘ 


NEt! 

: 3 3-Trlmetbyl 3'-cthyllndoth)adlcarbocyanlne iodide 
(13 3 Tnmethyl 2 \ndolemne)(3 ethyl 2 benzthiazoUY 
pentamethineyamne iodide, 

L. 

prepared from tho intermediate obtained from 
2 methylbenzthiazole ethiodide, together with 
(XVI) (BP. S55693, 1930). For preparing 
dicarbocyanmo intermediates, the I G. Farbcn- 
md. A G. found it advantageous to uso on 
organic base, in alcohol, as condensing agent; 
they recorded the absorption maxima of many 
such intermediates, and tho sensitising and 
absorption maxima of various types of tin- 
symmetrical dicarbocyanmcs prepared from them 
(BP 434234; 434235, 1933) They have 

patented various substituted dicarbocyanincs, 
including dyes carrying one or more methyl 
groups on the chain (B.P 388204; 394537, 
1931; 427887, 1932, 452408, 1934) and others 
are described by Beilenson and Hamer (J C S 
1936, 1225). Kendall and Ilford Ltd. usd 
propargylaldebydo acetal, or its derivatives, 
for condensing with quaternary salts containing 
reactive methyl groups, to furnish tho three 
central carbon atoms of the dicarbocyanmo 
chain (B.P. 390808, 1931), and prepared a 
thiadicarbocyanine by heating 2-mcthylthiol 
benzthiazole metho p toluenesulphonato with 
sorbic anhydride in the presence of pyridine 
(B P. 431186, 1933). In Ogata’s preparation of 
dicarbocyanme3 by heating a caibocyanine 
intermediate, eg. (XXXV), and a quaternary 
salt (XV), with orthoformic ester and acetic 
anhydnde, the course of the reaction is not clear 
(Proe. Imp Acad, Tokyo, 1934, 10, 572). 

Tncarbocyanincs. — Tricarbocyanmes, m which 
the nuclei are linked by a seven carbon chain, 
were described by three sets of workers. Wahl 
and the I G. Farbemnd. A -G. condensed (XV) 
or (XVI) with (a) a compound such as 24 
dmitrophenylpyndimum chloride (LI), or (&) the 
dye (LII) obtained (by Zmcko and Worker, 
Annalen, 1905, 338, 107) by treating (LI) with a 


NO! 


O" _ 

2 1 Dlaitrophenjlp>ri<Jlnlinn chi elide. 


;N0 2 
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Me .Ph 

>N-CH:CH-CH:CH'CH:NfMe 
Ph X X C! 


5 -.Mcthj'lanilino-l-plicnyliminomcthochloride- A 2:4 - 
pentadiene. 

III. 


base sueb as methylaniline. With equimolecular 
proportions, in acetic anhydride, (LIII) resulted. 
But 2 mols. of quaternary salt to 1 mol. of (LI) or 
(LTI) gave the indotricarbocyanine (LIV) (G.P. 


MePhNCH:CHCH:CHCH:CH-R l 

O-Methylanilino- A 1:3:5 -hexatriene-3':3 / -dimethy- 
Undolcnyl methiodidc. 

LIII. 

RrCH-CHiCH-CHiCH-CHiCH-R 1 


R is 



CMe, 

\ 

C< 

/ 

NMe 


CMe, 


RMs 


\ 


2 


c- 


\/ X NMel 


l:3:3:1^3':3MIexamcthyUndotricarbocyanine iodide. 
fiis-(l:3:Z-trinietJiul‘2-indolenine)fieptamcUiincyamne 
iodide. 


LIV. 


499967, 1928). I.C.I. Ltd., Piggott, and 
Rodd also condensed (XVI) with a compound of 
type (LII) to give (LIV), which they observed 
to be a sensitiser for infra-red light (B.P. 
355693, 1930). Fisher and Hamer prepared 
dyes by use of (LI) or a compound of a type 
similar to (LII), preferably the latter, carrying 
out the reaction in alcoholic solution in the 
presence of caustic alkali ;■ the generality of the 
method, in that various quaternary ammonium 
salts containing a reactive methyl group are 
applicable, was pointed out, and the sensitising 
properties for infra-red light were noted. There 
were prepared Ihiatricarbocyanines (LV), in- 
cluding those containing o- and /J-naphtha- 
thiazole nuclei, sdenatricarbocyanines (as LV, 
but Se for S), Ihiazolinolricarbocyanines, and 
2:2' -tricarbocyanines (LVI). The indotricarbo- 


RkCHCH:CHCH:CH-CH:CHR 2 



2:2'-DialkyltUiatricarbocyaiune iodide. 
liis-(2.-alkiil-l-bmzthiazole)hei>tamethlncijanine iodide. 

LV. 


RkCHCH:CH-CH:CHCH:CH-R 2 



l:l'-DialkyI-2:2'-tricarbocyanine iodide. 
Bis-{l~alkyl-2.quinoline)heptamethincyanine iodide. 

LVI. 


cyanine (LIV) was obtained by use of acetic 
anhydride and sodium acetate (J.C.S. 1933, 189). 
Brooker and Kodak Ltd., by using triethyl- 


amine, etc., instead of caustic alkali, for con- 
densing an intermediate of type (LII) with 
the appropriate quaternary salt, succeeded in 
preparing thiazololricarbocyanines and 4:4'- 
tricarbocyanines ( Xenocyanine ) (LVII) (B.P. 

RiCHCH:CHCH:CH-CH:CHR 2 



l:l'-Dialkyl-4:4'-tricarbocyanine iodide. 
Bis-(L-alkyl-i-quinoUne)heptametliinci/anine iodide. 

Lvn. 


436941 ; 437017, 1933). Brooker, Hamer and 
Mees published spectrograms illustrating the 
sensitising action of tricarbocyanines (Phot. J. 
1933, 73, 258) ; as did also Dieterle, Durr and 
Zeh, who pointed out that various types of di- 
and tri-carbocyanines had been independently 
prepared in Germany, chiefly owing to the work 
of Konig, and put into commercial use (Z. wiss. 
Phot. 1933, 32, 145). Certain more complex, 
or substituted, tricarbocyanines have been 
described (I.G. Farbenind. A.-G., B.P. 388204, 
1931; 452408, 1934; Beilenson and Hamer, 
J.C.S. 1936, 1225). As a tricarbocyanine inter- 
mediate, Kendall found 2-benzoxazolylpyridin- 
ium chloride, prepared from 2-chlorobenzoxazole 
and pyridine, to be preferable to (LI) (B.P. 
424264, 1933). Brooker and Kodak Ltd. 
patented the preparation of tricarbocyanines 
by interaction of a quaternary heterocyclic 
ammonium salt, containing a reactive methyl 
group, with an alkiodide of 2-iodo-pyridine or 
-quinoline, in pyridine solution (B.P. 435252, 
1933). 

By making use of an intermediate, similar to 
(LII), but prepared from a suitably substituted 
pyridinium salt, the I.G. Farbenind. A.-G. 
synthesised tricarbocyanines carrying a methyl 
group on the chain (B.P. 394537, 1931). 

Corbellini and Fusco halogenated anils of type 
(LII) and used these to make tricarbocyanines 
with a halogen atom on the chain, and found 
these dyes to be as good sensitisers as the 
parent dyes (Rend. 1st. Lomb. Sci. Lett. 1935, 
[iij, 68, 961). Dieterle and Zeh record, on the 
other hand, that tricarbocyanines carrying a 
y-acetoxy group on the chain (I.G. Farbenind. 
A.-G., B.P. 441624, 1933) (see also under tetra- 
and penta-carbocyanines) are less good sensi- 
tisers than the unsubstituted compounds (Z. 
wiss. Phot. 1935, 34, 245). To prepare tri- 
carbocyanine intermediates, similar to (LIII), 
the I.G. Farbenind. A.-G. found an alkaline 


medium advantageous ; they recorded the 
absorption maxima of several such inter- 
mediates, and the sensitising action of various 
unsymmelrical tricarbocyanines prepared from 
them (B.P. 438449 ; 438450; 438484, 1933). 

Comparisons of Series.— In the indo- series, 
Kuhn and Winterstein found that the tricarbo- 
cyanine is the most easily reduced, the dicarbo- 
cyanine less readily, and the carbocyanine still 
less readily, the cyanine being the most resistant 
(Ber. 1932, 65, [Bj, 1737). In the 2:2'-, 4:4'- 
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indo-, oxa-, pyrido-, thia-, thiazolino- and thia- 
zolo- genes, Ogata tabulated the melting point 
of the corresponding carbo-, dicarbo- and tri- 
carbo- cyanine, and the sensitising maximum of 
each ; he found the latter to be shifted regularly 
towards the red on lengthening the polymethin 
chain. lie also compared the yields when corre- 
sponding carbo-, dicarbo- and tricarbo cyanines 
are prepared by use of the appropriate anil in an 
acid or alkaline medium respectively (Proc. 
Imp. Acad. Tokyo, 1932, 8, 421 ; 1933, 9, 602, 
Bull. Inst. Rhys. Chem. Res. Japan, 1934,13, 528; 
Ogata and Kimura, ibid. 1934, 13, 537). The 
optical and photographic properties of typical 
cyanines were studied by Bloch and Hamer 
{Phot. J. 1028, 68. 21 ; 1930, 70, 374) Fisher 
and Hamer compared the frequencies of 
maximum absorption of methyl alcoholic solu- 
tions of the cyanine, carbo-, dicarbo- and tri- 
carbo-cyanme of various symmetrical types, 
correlating frequency changes with changes in 
chemical constitution ; e g the values of the 
frequency-decreases, caused by each successive 
lengthening of the chain joining the nuclei, 
became smaller with increasing length of; 
chain (Proc. Roy. Soc. 1930, A, 154, 703) 

Tetra • and Penta carbocyamnet — Somewhat 
as the pyndinium nucleus of (LI) had been 
ruptured to give the open-chain compound 
(LII), so KOmg had ruptured the furfural 
nucleus, by treatment with an aromatic base, 
to give (eg) (LVIII) (J. pr Chem. 1905, 
(li), 72, 555) and that of furylacrolem to 
give (t g.) (UX) (a- 1) (tbtd. 1013, (u), 88, 103) 

[PhNH CH CH CH C(OH)CH NPhjHBr 


R-CH.CHCH C(OH) fCH CH]„ CH R‘ 
HjC — CH, H,C— CH, 

H,C 7 fi- HjC 7 hi Br< 




R‘is 


LIX. 


Subsequently, Ivonig (with Hoy, Schulze, 
Silberkuoit and Trautmann) prepared corre- 
sponding dyes with nine- and eleven membered 
carbon chains (LIX, n»=2 and 3, respectively), 
by rupture of the nuclei of G -fury l - A 2 ' ‘-penta- 
diene- 1 -al and 7-fury] A* 4 8 -hcptatnone I-al 
respectively. These dyes are unstable, the 
instability increasing os the chain is lengthened. 
By acylation (or benzoylation), with an acid 
anhydride or chloride in the presenco of pyridine, 
the stability is, however, increased: the pre- 
paration of compounds such as (LX) (where n>- 
0, 1, 2 or 3) made possible the preparation of 

R CH CH CH C(OAc) [CH.CH]„CH.R l 
H,C— CH, H,C— CH, 

H,C X N- HjC* NBr< 

Ris ^ ^ ; R*is 

LX. 

cyanines ir 
chains (Bi , 

Farbemnd. A G. has patented such cyanines, 
with a chain of at least seven carbon atoms, and 
describes them as excellent acnsitisers to infra- 
red light ; the examples include 10 acetoxythia- 




lea in which tho nuclei aro joined by longer 
i (Ber 1934, 67, [BJ, 1274) The IG. 


p \ 




C.CH CH C(OAc)CH CH CH.CH C 


5 y-V 

/ W 


C10 4 Nfde^- 




10-Acetoxy-fl 8‘-dlphenyl 3 3'-dlmethylthlitrIcatbocy»tilne perchlorate 
Bit-{e-pheni/l 3 methyl -2 bemUnazoUiy-acetozyheptamethincyanine perchlorate. 

LXI. 


CH CH.CH CH C(OAc)CH CH CH CH 



13-Aeetoxy-l l'-dimethyi 4 t'-tetracarbocyanine perchlorate 
Bit (l-methul-l-^uinoUne)(-acetozimonamethincvaniru perchlorate 


LXII. 


COl 


CH CH CH.C(OAc)CH CH CH.CH CH CH 



11-Arelosy-W-dl methyl 2 2'-pen'*c*iBocyMilne perchlorate. 
Bi/-( l-methi/l 2 -jviMtiM)e'aeetax],vndecamethineyinine perchlorate. 
LX III. 
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tricarbocyanines ( e.g . LXI), 12-acetoxy- (or 
12-benzoxy-) thiatetracarbooyanines and the 
corresponding acetoxy- indo-, selena-, and 4:4'- 
tetracarbocyanines (e.g. LXII), also 11-acetoxy- 
thia- and I3-acetoxy-2:2'-pentacarbocyanines 
(e.g. LXIII) (B.P. 441624, 1933). 

Brooker and Keyes have published spectro- 
grams showing the sensitising action of such 
tetra- and pentacarbocyanines, by means of 
which the furthest photographic excursions into 
the infra-red have been made (J. Franklin Inst. 
1935, 219, 255). For descriptions of the 
sensitising action of dyes of this type, having 
chains of various lengths, see also Dieterle and 
Zeh (Z. wiss. Phot. 1935, 34, 245). 

More recently Dieterle and Kiester have 
succeeded in synthesising tetra- and penta- 
carbocyanines not substituted in the chain ; 
these are more powerful sensitisers than their 
acetoxy-substituted derivatives (Z. wiss. Phot. 
1937, 36, 68, 141). 

apo Cyanines. — By heating quinoline alkiodide 
with caustic alkali in alcoholic solution, Kauf- 
mann and Striibin obtained as chief product a 
red compound, erythroseyocyanine, together with 
some yellow compound, xanthoapocyanine ; 
these were unlike the other cyanines then 
known, in being more stable to acid (Ber. 1911, 
44, 690; cf. G.P. 154448, 1903). Konig for- 
mulated them as (LXIV) and (LXV) respectively. 



iodide. 

LXIV. 



l:l'-Dicthyl-3:2'-ajjocyanine iodide. 
(l-E(liyl-2-qiHnoline)(l-ethyl-'S-quinoUne)d,jKicyan\ne 
iodide. 

LXY. 

but without giving any evidence (Ber. 1922, 55, 
[B], 3293). The formul® were, however, 

proved to be correct by Mills and Ordish, who, 
by the action of potassium permanganate on the 
erythroapocyanine from quinoline ethiodide, 
obtained tho same oxidation product as Kauf- 
mann and Striibin, and, regarding the product 
as tho diethiodide of a diquinolyl, they repre- 
sented the reaction thus : 

(Ci 8 H 13 N 2 Et 2 )l4-l 2 =(C u H 12 N ! ,Et 2 )r 2 +Hl 

By analogy with other cyanines they concluded 
that tho only two diquinolyls possible were those 
having the 3:4- (LXIV) and 3:2-linkings (LXV) 
Von. III.— 34 


respectively, thus supporting Konig’s formul®. 
Their views were confirmed by the synthesis 
of 3:4'-diquinolyl and the demonstration that 
its diethiodide is identical with the product 
obtained by oxidising erythroapocyanine with 
iodine (J.C.S. 1928, 81). 

Neocyanines. — Clarke and the Eastman Kodak 
Co. observed that when lepidine ethiodide is 
treated in alcoholic solution with iodoform and 
alkali, there is formed, in addition to the 4:4'- 
carbocyanine (VIII), a less soluble dye giving a 
green solution (U.S.P. 1804674, 1931). This 
compound, neocyanine (or “ allocyanine ”), sen- 
sitised further into the infra-red than any dye 
then known (Dundon, Schoen and Briggs, 
J. Opt. Soc. Amer. 1926, 12, 397 ; Babcock, 
Nature, 1928, 121, 830). Hamer found that 
neocyanines also accompany (VIII) when 
lepidine quaternary salts are heated with ethyl 
orthoformate in the presence of pyridine ; by 
varying the conditions, the formation of one dye 
at the expense of the other could be favoured, 
and a 40% yield of neocyanine was thus 
obtained. It was shown analytically that the 
molecule contains two iodine atoms, three 
lepidine residues, and either one or two extra 
carbon atoms ; on the basis of one extra carbon 
atom, a formula was postulated (J.C.S. 1927, 
2796 ; 1928, 1472). Ogata described similar 
dyes in which tho three lepidine nuclei 
are replaced by quinaldine or a-picoline nuclei, 
and studied the effect of various reagents upon 
neocyanine formation (Proc. Imp. Acad. Tokyo, 
1932, 8, 503 ; Bull. Inst. Phys. Chem. Res. Japan, 
1934, 13, 491 ; Ogata and Tamura, ibid. 475). 
Of these reagents, succinic acid proved interest- 
ing, and he obtained a neocyanine, in 1% yield, 
by heating 2-methylbenzthiazolo ethiodido with 
succinic acid and ethyl orthoformate, and also 
prepared a neocyanine from l:2-dimethyl- 
benziminazolo methiodido (ibid. 1934, 13, 497). 
Meanwhile Brooker and Kodak Ltd. had 
observed that when a 2-methylthiazolium salt is 
heated with ethyl orthoformate, in the presence 
of pyridine, it behaves as does a lepidinium salt, 
in that the carbocyanine’ is accompanied by a 
dye of the neocyanine type, which is, in some 
instances, the main product ; although the 
neocyanine is usually less soluble than tho carbo- 
cyanine, the contrary is sometimes true. They 
postulated a formula for their neocyanine in 
which two acid radicals, three residues of 
methylthiazole, and two extra carbon atoms 
are involved (B.P. 408272, 1931 ; 408273, 
1932). In Konig’s formula for neocyanine, 
which may be simplified into (LXVI), the 
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number of extra carbon atoms is two; be 
regarded it as a substituted dicarbocyanina (Z. 
wiss. Phot. 1935, 34, 15). From the absorption 
maxima of 4 4'-carbocyanine, 4 4' dicarbo- 
cyatnne, and neocyamne, Hamer is of opimon 
that the last may be regarded more correctly as 
a substituted caibocyamne (Chcm. and led. 
1935, 13, 640). 

_4zaeyanmes — Starting from 2-ammoquinoline 
and 2-cbloroqtiinohne, llamer synthesised the 
2 1'-a;acijanine (LXVII) (then called “2 2'- 
azocyanine ”), in which the Unking between the 
two quinoline nuclei is not by ,CH but by :N . 

CO.QO 

l'l'-BSiaethsl 2 2'-»xacyanSne Iodide 

Hit (1 m/tAi/l 2 q\i\nohne)azamcthinevinine 

LXVII. 

It differed from the cyanines in that it was not 
decolorised by acids ( J C S 1924, 125, 1348). 
Fuchs and Grauaug synthesised carbocyamne 
analogues, in which the chain CH CH CH- is 
replaced by .N N CH , by condensing a hetero- 
cyclic aldehyde (e y qwnohne-2 aldehyde metho- 
perchlorate) with the hydrazone of a hetero- 
eyebo ketone (eg 3 ethyl 2 benzthiazolone 
hydrazone). They prepared two dyes containing 
one benzthiazole and one quinoline nucleus 
(LXVIII), ODe with two benzthiazole nuclei, and 
one with a pyridine and a benzthiazole nucleus 


I | CNN CH C 


3 1 -DIalkyl 8 O-dlazathU 2 -carbocjaalne 
perchlorate 

(1-Aliyt 2-guinohneX3-aII:vt-2-bfnztSiui!ole)f}y- 


They noted that the colours of these dyes 
in solution vary from yellow to deep red, 
and they oil act as photographic desensitisers 
(Ber. 1928, 61, (B], 57). 

Kendall, by condensing & quaternary hetero- 
cycho ammonium salt, containing an NH, 
group in the a- or y-poaition, with a similar salt, 
containing a reactive alkylthiol group or iodine 
atom, prepared various 2 4'-, 4 4'-. oza-, thia-, 
Ihia- 2'-, and thia-4'-azacyanines. When instead 
of a quaternary salt containing an NH. group, 
the corresponding base (e g. 2 ammooenzthi- 
azole) was subjected to such a condensation 
(e g. with a 2-methylthiolbenzthiazolo quater- 
nary salt), a base, e g. (LXIX), was obtained, of 

QKX) 

3'-JI«tby! 2 benithUzoIylldeneamlnobeiixthlaxole, 
LXIX. 


which the this azacyanine is the quaternary salt. 
By condensing a heterocyclic nitrogenous base, 
containing an o-NH, group aa substituent, 
with ethyl orthoformate, Kendall obtained sub- 
stituted for maim dines, eg 2 aminobonzthiazolo 
gave (LXX), which could be converted into the 
dmziiffuaearhoct/artiree (LXXI). Treatment of a 
S S 

f'Y \ / v 

! CNHCH.NC 

S*'" 

2 2'-Dlbenzthiazolylformamldlnc. 

LXX. 

Cl > nchn < X) 

NMe MelN 


LXXI. 

2 ammobcnzthiazolium salt with ethyl ortho- 
acetate and pyridine gave the 9 methyl deriva- 
tive of (LXXI) Kendall noted that (LXVII), 
(LXVIII), and their analogues, and also bases 
such as (LXIX) and (LXX), act as sensitiscn 
to gelatino chloride photographic emulsions 
(BP 447038, 447109, 1934; 456419, 1935) 
He has postulated the theory that a substituted 
amino group has the power of increasing the 
sensitising action of a cyanine dye when intro 
duced m such a position that the carbon chain 
between it and one of the original nitrogen atoms 
is odd aa opposed to oven; similarly tho 
sensitising properties of (LXXI), as contrasted 
with tho desensitising properties of (LXVIII), 
are attributed to replacement by an odd- 
numbered of an even-numbered carbon chain 
(Proc. Ninth Intcmat Congr. Phot. 1935, 227). 

Definition of a Cyanine — A cyanine is 
characterised by possessing two heterocyclic 
nuclei containing nitrogen ; one of these 
nitrogen atoms is tertiary and the other quater- 
nary and they are united by a chain of con- 
jugated double bonds, so that tho number of 
carbon atoms in the chain is necessarily uneven j 
one or more :CH- groups in the chain may be 
replaced by one or more nitrogen atoms. 

Compounds related to the Cyanines — The above 
definition excludes certain types of compounds, 
which are sometimes described together with 
cyanines. Such are the following: (a) com- 
pounds in which both nitrogen atoms are 
quaternary and the chain consists of an even 
number of carbon atoms, (6) atyryl compounds, 
to which typo the sensitiser Ptnaflavol belongs 
and to certain members of which type KOnig 
(Z. wiss. Phot. 1935, 34, 15) assigned the name 
“ se flic yam net," (e) the related anils, which are 
usually desensitiaera. and (d) dyes prepared by 
condensing certain cyanine intermediates with 
compounds containing a reactive cyclic or pon- 
cyclm methylene group, 

nomenclature of the Cyanines — According to 
the historical treatment adopted in the present 
article, each point of nomenclature has been 
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dealt with as it arose, so that the system which 
has grown up in the British and American 
literature has been made clear. As it requires 
acquaintance with such a large number of 
group names, it is, however, far from satisfactory ; 
the cyanines are now revealed as comprising a 
far greater number of different types than was 
originally contemplated, and the nomenclature 
has also been complicated by the fact that some 
of the simplest members were not amongst the 
first to be prepared. Konig pointed out the 
inconveniences attaching to the use of these 
group names, and proposed a systematic nomen- 
clature (Ber. 1922, 55, [B], 3293), which has, 
however, proved cumbersome in actual use. 
The system denoted in the 1936 edition of 
“ Beilsteins Handbuch der organischen Chemie ” 
(which deals with the literature up to 1910) 
has the great advantage that, once a few simple 
principles have been laid down, each and every 
cyanine can be named systematically. Such 
principles are as follows : (1) the above 

definition of a cyanine (which is narrower than 
that of Beilstein.\ is. taken. -, each ring, is 
denoted by its usual description and numbering 
(following Richter’s “ Lexikon ” and the 
“Journal of the Chemical Society ”), and the posi- 
tions of linking are indicated ; (3) the number of 
methenyl groups linking the nuclei is denoted by 
apo (for none), methin, trimethin, pentamethin, 
etc.; (4) the presence of :N- replacing :C Id- 
in the chain is denoted by the term aza, which is 
already in use in international nomenclature 
for :N- replacing :CH in a ring. Below tho 
graphic formula of each cyanine in the present 
article has been given the namo at present 
accepted, whilst below that, printed in italics, has 
been added the systematic name as arrived at 
from the principles formulated above. 

F. M. H. 

CYANOGEN v. Cyanides (this vol., p. 503). 

CYAN0MACLURIN,C 1s H 1? 0 6 . A colour- 
less crystalline compound found in Jak-wood ; 
it is fairly readily soluble in water and gives a 
colourless precipitate with basic lead acetate 
and a violet colour with ferric chloride. When 
fused with alkali it gives fi-resorcylic acid and 
phloroglucinol. Tho penta-acetyl derivative, 
C 15 H 7 0 6 Ac 5 , has m.p. 136-138°. the penta- 
benzoyl derivative, m.p. 171-172°. Cyanoma- 
clurin is probably a reduction product of 
morin (Perkin, J.C.S. 1905, 87, 715). 



OH CH 2 s 

CYANOPHORIC GLYCOSIDES. A 

considerable number of glycosides have been 
isolated from plants which yield hydrogen 
cyanide when hydrolysed, whilst the formation of 
hydrogen cyanide by a plant is attributed to the 
presence of a glycoside. The most interesting 
of these is amygdalin (q.v.), which contains the 
sugar gentiobiose, as does also lotusin from 
Lotus arabicus. Vicianin, from the seeds of the 
wild vetch, contains the disaccharide vicianose. 


Cyanophoric glucosides are prunasin, prulaura- 
sin, sambunigrin, dhurrin, gynocardin, linamarin, 
hiptagin. 

A list c>f plants containing hydrogen cyanide 
compiled by Greshoff (Rep. Brit. Assoc. 1906, 
138) and another by Rosenthaler (Chem. Zentr. 
1919, iii, 274; 1930, ii, 932) enumerate 

360 varieties in 148 species and 41 families. 
In general the presence of hydrogen cyanide 
in plants appears to be incompatible with that 
of alkaloids and terpenes. The amount of 
oyanophoric glycoside varies according to the 
condition?- Linseed, which contains linamarin, 
produces considerably less hydrogen cyanide 
when grown in this country than in the Orient, 
where it is grown under conditions of drought 
and high temperature. The cyanophoric glyco- 
sides are hydrolysed by acids and by tho 
specific enzymes which accompany them in the 
plants, most of them are attacked by emulsin. 

E. F. A. 


CYAN UR 1C ACID v. Cyanides (this vol., 
p. 506). 

CYC LA MIN.. CwHvmPw m.p. 251°, 
[ a ] D —23°, the saponin glycoside present in 
cyclamen tubers (Cyclamen europaeum). Accord- 
ing to bafert (Ber. der Pharm. Ges. 1926, 
264, 409 ; 1930, 268, 289), it is hydrolysed 
to the aglucone, cyclamirelin, G- 3 -jH 5c 0 6 , 
glucose (3 mols.) and 1-arabinose (2 mols.). 
p E. F. A. 

opoCYCLEN E. 


H,C— CH— CH 2 

I I 

! CMe 2 


HC- 


-CH 


CH 


opoCyclepe, C g H 14 , m.p. 42-5-43°, b.p. 138- 
139°/764 him., 0-871, n™ 1-43144, is formed 
when carophenilyl chloride (I) is heated with 
diethylanihne or when camphenilol (II) is 
digested with potassium hydrogen sulphate at 
180-190° ' (Komppa and Roschier, Annalen, 
1922, 429, 187 ; Gratton and Simonsen, J.C.S. 


H 2 C— CH— CMe„ 


CH, 


H 2 C— CH—CHR 
I. R = CI ; II. R = OH. 


H 2 C— CH— CMe, 

I 

CH 2 

H 2 C— CH— C:N-NH 2 
III. 

1935, 1621 ; Komppa and Nyman, Ber. 1936, 
69, [B], 338). Since it is stable to potassium 
permanganate it can be readily purified. Accord- 
ing to Nametkin and Alexandrov (Annalen, 
1928, 467, 191), it can be conveniently prepared 
by heating camphenilone hydrazone (III) with 
mercuric oxide and alkali. 


J. L. S. 
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CYCLENES (CYCLIC OLEFINS). 
These substances do not for the most part occur 
naturally, although the monocyclic terpenes 
must bo regarded aa members of the group. 
They can, however, readily be derived from 
\anous simple derivatives of the saturated 
cyclic hydrocarbons (cyclanes). Mono-, di-, 
tn , and tetra olefin ic members of the group 
are known; also different series of eyclenes are 
to be distinguished according to tho number of 
carbon atoms forming the ring. 

M o n o-o 1 e*i ns. — The number of known mono- 
olcfinic cy clones is very large, and the various 
senes represented by these compounds range 
from that in which the ring contains four carbon 
atoms (cyc/obutenes) to that in which it contains 
seventeen carbon atoms (eyefoheptadecenes). 


CH,— 


^-CH 


HjC \ H t C 

I CH | 
H.C / H,C 


CH, 


X CH 

II 

. CH 

Nisr 


rt/rtoButene. cyrtoPentene 
^-CH 

ich ** 4 h 

cyrtoHeptideccne 


The members of the different scries are usually 
derived from cyclic alcohols, which in turn are 
derived by reduction of the corresponding cyclic 
ketones The alcohols are dehydrated directly 
by warming them or refluxing them with small 
or larger amounts of suitable dehydration- 
ratal} sts (bydrobromic acid, iodine, zinc 
chloride, sulphuric acid, etc.) or by passage of 
their vapours over suitable contact catalysts 
(alumina, kaolin, etc ) heated to appropriate 
temperatures , alternatively, they are converted 
into the corresponding chlorides or bromides by 
treatment with halides of hydrogen, phosphorus 
or sulphur, and thence into the cycko olefins 
by the action of boiling alcoholic caustic alkali, 
boding quinoline or other basic reagent, or less 
commonly by the passage of their vapours 
over suitable heated dehydrohalogenation 
catalysts In the eyeiohexenc series, however, 
the requisite alcohols can frequently be derived 
in quantity by catalytic hydrogenation of tho 
corresponding phenols (Sabatier Scnderens pro- 
cess), and hence eycZohexene and its simpler 
alkyl derivatives may be prepared relatively 
cheaply on a commercial scale. In the case of 
certain dialkyl ci/cMhexenes (menthenes) the 
mono olefinic hydrocarbons may bo obtained 
by the partial hydrogenation of di olefimo 
terpenes (raentbadicnes) 

The mono olefinic cy clenes are volatile liquids 
of petroleum like odour and in their physical 
and chemical properties closely resemble the 
open chain olefins. Certain physical properties 


Mono olltinic C\ clenes 
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of the more important cyclones are given in the 
table (p. 532). The most important of the simple 
cyclenes are cyclopentene and cyelohexene, 
which are respectively the parent compounds of a 
large array of alkyl- and polyalkyl-cyclopentenes 
and -cycfohexenes. The alkyl- and polyalkyl- 
derivatives of both series are almost invariably 
obtained from the corresponding alcohols or 
their halogen esters by the methods mentioned 
above. Allied to the cyclenes and resembling 
them in methods of formation and in chemical 
behaviour are the alkylidene-cyclanes of general 
formula, (CH 2 )„>C=CRR'. 

cycloPropene is reported to be formed together 
with other products by heating barium pyro- 
mucate, and cydobutene by the distillation of 
trimethyl-cydobutyl-ammonium iodide, but the 
identity of both products appears to be some- 
what uncertain. 

cycloHexene is a typical cycleneand is prepared 
on a large scale by dehydration of cydo- 
hexanol. When the latter (400 g.) is heated with 
concentrated sulphuric acid (12 c.c.)at 130-140°, 
and finally at 150°, cydohesene distils (Organic 
Syntheses, V, 33). The crude hydrocarbon is 
washed successively with alkali and with water, 
and is then dried and distilled (yield, 78-87%). 
cydoHexene reacts with chlorine, bromine, 
hypochlorous acid, and hydrogen (in presence of 
Pt or Pd) to give the corresponding chloride, 
bromide, chlorohydrin, and cyclane respectivelj', 
and it is oxidised by alkaline permanganate to 
adipic acid. On long treatment with oxygen it 
gives a 0-75% yield of the peroxide C 6 H 10 O 2 , 
together with a syrup which is probably the 
dimeric peroxide (Stephens, J. Amer. Chem. 
Soc. 1928, 50, 568), a much larger yield (20%) 
of practically pure peroxide is formed when it is 
irradiated in presence of oxygen (Hock and 
Schrader, Naturwiss. 1936, 24, 159). This per- 
oxide gives, (a) with 2.V-sulphuric acid, cydo- 
hexanediol, m.p. 104° (50% yield), and cydo- 
pentene aldehyde (10-20% yield), and (b) until 
concentrated caustic soda, A '-cydohexen-S-oI, 
which also is produced by reduction of the 
peroxide with sodium sulphite (Hock and 
Schrader, l.c.). With a 7% or a 20% ethereal 
solution of peracetic acid cyclohexene yields 
cyc/ohexene oxide, C 6 H 10 O, which is hydrated 
to the trans glycol, m.p. 103°, by sulphuric acid 
(Arbusov and Michailov, J. pr. Chem. 1930, 
[ii], 127, 92) ; with lead tetracetate it yields 
l:2-diacetoxycydohexane, 3-acetoxy- A 1 -cydo- 
hexene, as well as 3:3- and 3:6-diacetoxy- A *- 
cydohexene (Criegee, Annalen, 1930, 481, 263) ; 
with liquid sulphur dioxide in presence of a 
catalyst (H 2 0 2 ) it yields a polymeric sulphone 
(Frederick, Cogan and Marvel (J. Amer. Chem. 
Soc. 1934, 56, 1815). When its vapour, mixed 
with carbon dioxide, is passed over finely divided 
nickel at 1S0° it undergoes disproportionation to 
yield a mixture of benzene and cyclohexane : 

3^6^10 C6H 6 +2C 6 H 12 

(Boeseken and Sillevis, Proc. K. Akad. Wetensch. 
Amsterdam, 1913, 16, 499), and when it is 
treated with aromatic hydrocarbons in presence 
of anhydrous aluminium chloride, addition of the 
former occurs at the unsaturated centre of the 


cyclene (Bodroux, Compt. rend. 1928, 186, 
1005) : 


C 6 H 10+ CH 3 -C 6 H 5 
C 6 H 10+ 1:3:5-C 6 H 3 (CH 3 ) 3 




' C 6 Hji‘C 6 H 3 (CHj) 2 
C e H 11 -C 6 H 2 (CH 3 ) 3 


Polymerisation of cyclohexene to the dimeric 
stage (cyclohexyl-cyclohexene) can be effected 
with phosphoric oxide (Truffault, Compt. rend. 
1935, 200, 406), and to di-, tri-, tetra- and 
poly- meric stages with boron trifluoride (Hof- 
mann, Chem.-Ztg. 1933, 57, 5). 

Di- and poly-olefins. — The most important 
of these are cyclopentadiene, which occurs in the 
forerun of benzene from coal tar, and the 
monocyclic terpenes, various of which are 
contained in the essential oils of a number of 
plants . All other members of the group, whether 
containing five-carbon, six-carbon, or higher 
rings, are obtained by synthetic means. With 
the exception of cyclopentadiene and the 
naturally-occurring terpenes (menthadienes), 
they are almost invariably prepared by the 
removal of hydrogen halide from dihalogeno- 
cyclanes, dihalogeno-cyclenes, or cyclic dihalo- 
geno-dienes, either directly by the action of 
alkalis, e.g. : 


CH 


H 2 C 

h 2 c 


2 


CHBr 

I 

CHBr 


\ / 

CH 2 

cycloHexene dibromidc. 


CH 


NaOEt 


H 0 C 


CH 

I 

CH-OEt 


CH, 


Heat 


H„C 


CH 

' V 

CH 


H„C CH 

\ ^ 

CH 

A 1 -cyc/oHexadicne. 


or more usually by the exhaustive inethylation 
method of Hofmann. According to the latter 
method the halogeno-compound is treated with 
an organic base and the resulting amino-com- 
pound exhaustively methylated, in order to 
produce a quaternary ammonium salt ; this salt, 
or more usually the corresponding quaternary 
ammonium hydroxide obtained from it by the 
action of silver oxide or caustic alkali, is distilled. 
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whereon the basic radical is eliminated, and the 
unsaturated hydrocarbon formed, eg i 
CHBr — CH t — CH, 

I - >»■ 

CHBr— CH,— CH, 

Suberene dibromide. 

CH=CH — CH. 

> H * 

CH — CHj-CH, 


M«,NH 


NMe, 

CH=CH— CH. 

I ^TCH, 

CH— CHj-CH, 
liMCjOH 

CH=CH— CH, 


‘ I / CH ’ 

CH=CH— CH, 

A 1 1 -evrto'neptadicDe 


readily be separated from other materials by 
fractionation (Perkins and Crux, J. Aroer. Chem 
Soc. 1927, 49, 517). The dimende, containing 
tw o isomeric di-cyc/opentadienes, is obtained as a 
low-melting crystalline mass, b p. 56°/J3 mm, 
(Wieland and Sergei, Annalen. 1925, 448, 
19 j Farmer and Scott, J.C S.' 1929, 177 ), 
which progressively reverts on slow refluxing 
under a short column into monomeric eyclo- 
pentadiene The latter again polymerises on 
standing and even after a few hours contains a 
measurable quantity of dimende, with smaller 
quantities of higher polymerides. For the 
structure and stereochemistry of dimeric and 
triraenc eyc/opentadiene, see Ann. Reports, 
1932, 29, 113; 1936, 33, 238. tydo- 

Pentadiene is especially interesting in that it 
contains a methylene croup, which, owing to its 
position between doubly-bound carbon atoms, is 
highly reactive The hydrogen atoms of this 
methylene group are replaceable by alkali 
metals, and also react readily with the oxygen of 
ketones giving rise to coloured hydrocarbon 
condensation products of the type known as 
fuhenes, which, like eyefopcntadiene, are prone 
to undergo polymerisation. 


It is to be remembered that elimination reactions 
occurring in a grouping >CH — CHX — CH< 
may in general take two directions, yielding 
>C=CH — CH< and >CH— CH = C<, so 
that mixtures of isomeno dienes and polyenes 
are frequently obtained by the above named 
preparative methods. Such mixtures are 
usually inseparable by ordinary fractionation 
methods, but in these mixtures the conjugated 
forms appear usually to predominate over 
unconjugated forms The physical properties 
of the more important cyclic dienes, cyclic 
tnenes, and fulvenes are given in the table 
below. 

cycloPcntadiene may be conveniently prepared 
from benzene forerun which has been aged by 
standing for four weeks or longer after distilla- 
tion. The eyclopcntadiene originally contained 
m the forerun has then largely become con- 
verted into dinieno cyclopentadiene, which can 



Dimethylfulvcne. Ilcthj Iphenj ITuliene. 

cycloPcntadiene is a conjugated compound 
and possesses similar additive properties to the 
conjugated open-chain dienes. It yields 
two dibromides, (i) m.p 45-40°, and (ii) an oil 
(Farmer and Scott, le.), and unites spon- 
taneously and quantitatively with maleio an. 
hydride (Diels and Alder, Annalen, 1928, 
460, 98; Alder and Stein, t bid. 1932, 498,-197; 
Ann. Reports, 1030, 27, 88) to give a crystalline 
derivative (I), which is suitable for charactensa- 
tion of the bydrocaibon, and with qmnone 
(l mol. or 2 mols. to 1 mol. of qumone) to give 


CovJUfiATxn- fbcrjjn. QrxjiKs. \yn. PonjymraL. 
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derivatives (II) and (III) which are convertible 
by successive elimination of the endomethylene 
bridges and dehydrogenation into naphtha- 
quinono and anthraquinone respectively. 


CH 

He' I N 'bH-CCX 
!! ch 2 | 

HC 

\ 


CH- 


CH 


I. 


CH CO 

HC | CH CH 

II CH, I II 


HC 


CH 


CH 


CH CO 

II. 


CH CO CH 

\ / 

HC CH CH 

II CH, | | CH, 

HC I CH CH 

\ / \ / \l/ 

CH CO CH 

III. 


CH 

J 

CH 


cyclollexadiene is known in conjugated 
(A l:3 ) and unconjugated (A I:4 ) forms, which are 
frequently formed together by dehydrohalogena- 
tion of various dibromocyciohexanes or dehydra- 
tion of dihydroxy-cyciohoxanes. Pure A 1:3 - 
cyclohexadiene may, however, be obtained by 
the action of sodium ethoxide on cyclohexene 
dibromide (Hofmann and Damm, “Mitt, schles. 
ICohlenforsch. Kaiser-Wilhelm-Ges.” 1925, 2, 97). 
This substance resembles closely the open-chain 
conjugated diolefins : it differs from cyclo- 
pcntadiene in that it contains no reactive 
methylene group and polymerises only on 
prolonged heating. For the structure of 
dimeric cyclohexadiene, see Alder and Stein, 
l.c.), A 1:3 - c yc!oHexadiene combines spon- 
taneously with maleic anhydride and with 
quinone to give crystalline addition products 
analogous to those formed from cyclopentadiene. 
A 1:3:6 -cycIo Heplalriene ( Tropilidene ) 

CH— CH=CH 

:ch, 

CH— CH=CH 


is a colourless liquid which readily rcsinifies in 
air. It has been obtained from cycloheptene 
dibromide by the Hofmann method (see above), 
cycloheptadieno being obtained at an inter- 
mediate stage. 

cydoOdalelracne has also been prepared 
by the Hofmann method from A T -methylgrana- 
tanine (1), the first-formed cyclooctadiene (V) 


being converted successively into cyclooctatriene 
and cyclo octatetraene. 

CH, — CH — CH, 

I I I 

CH, NMe CH, 

I I I 

CH, — CH — CH, 

I. 

CH, CH CH, 

II I ‘ 

v CH, NMe,-OH CH, 

CH, CH CH, 

II. 

NMe, 

I 

CH, CH CH, 

I I 

> CH, CH, 

I I ‘ 

CH, CH=CH 

III. 

NMe,-OH 

I 

CH, CH CH, 

I I 

s- CH, CH, 

I I 

CH, CH=CH 

IV. 

CH, CH=CH 

s- CH, CH, 

I I 

CH, CH=CH 

V. 

cycloOctatetraene is of interest in that despite 
the fact that its molecule displays unbroken 
cyclic conjugation, it has no aromatic character- 
istics; moreover, it resembles in its additive 
properties and ease of degradation the open- 
chain conjugated dienes. Like benzene, its 
molecular refraction is normal, exhibiting no 
exaltation. 

E. H. F. 

CYCLOFORM. Trade name for the iso- 
butyl ester of p-aminobenzoic acid, m.p. 65°. 
Local anaesthetic. 

CYCLONITE (cycZotrimethylenetrini- 
tramine), (CH,- N • N O,),, also known as 
“ Hexogen ” and “ T.4,” is an explosive which in 
recent years has been the subject of considerable 
attention from the military authorities of several 
countries in the course of the search for more 
powerful fillings for bombs and other munitions. 
The compound was first described under the 
name “ Hexogen ” in 1899 by G. F. Henning 
(G.P. 104280), who prepared it by nitrating 
hexamethylenetetramine, the latter being 
derived from formaldehyde by condensation 
with ammonia. The material received little 
notice, however, until the commercial synthesis 
of methyl alcohol, leading to cheap supplies of 
formaldehyde, rendered its production on an 
industrial scale an economic proposition. 
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Manvfaclnre . — According to E. %on Here 
(U.S P. 1 402C93), cyclonite may bo prepared on a 
small scalo by adding 70 g of -well dried hexa 
raethylenetetramine m small quantities to 
500 g. of nitric acid (sp gr. 1-52) •with continuous 
stirring, the temperature being kept between 20° 
and 30°C. After the addition of tho bexa- 
methylenctetraroine is completed, tho mixture is 
heated slow ly to 55°C., at v. hicb temperature it is 
maintained for 5 minutes. Tho mixture is then 
cooled to the original temperature and diluted 
with four times its bulk of water The pro 
cipitated cyclonit© is separated, washed first 
with cold water, then with hot dilute soda 
solution, finally with water again, and then 
dried. The crude material may be rccrystallised 
from acetone. 

This direct nitration of hexamethylene 
tetramine has been extensively studied by Hale 
(J. Aroer. Chcm. Soc 10251 47, 2754), who 
obtained a maximum yield of 75%, using nitric 
acid of 100% strength and « orking at a tempera- 
ture of — 20®C. 

The industrial production of cyclonite has been 
developed by the Nobel Dynamite Company of 
Avigbana (Italy) under the name of “ T.4 " 
Details of a process suitable for commercial use 
are given in B.P. 388016, JD32. 

According to this method, hexamethylcne- 
tetramino (H/3I/T) is prepared by bubbling 
ammonia through a saturated solution of form- 
aldehydo, with suitable cooling Tho product is 
acidified with nitric acid, thus precipitating the 
dinitrate of II/M/T, which is filtered off and 
dned. One part of this salt is then dissolved in 
7 parts by weight of very concentrated nitric 
acid (tho actual strength is not stated), the 
temperature being kept below 15°C for tho first 
stago of miration. Later, the temperature is 
allowed to nse to 30°C , at which it is main- 
tained for about 1 hour. The mixture 
is then cooled to 0°C , thus precipitating about 
60% of tho cyclonite, after the separation of 
which the liquor is distilled at a pressure of a 
few centimetres of mercury and at a tempera- 
turo not exceeding 40*C. Tho nitric acid thus 
recovered is utilised ugain in the cycle of 
operations. Tho cooling and distillation opera- 
tions aro repeated, thus recovering further 
amounts of cyclonito and nitric acid. 1'inally, 
tho liquor is diluted with water, thereby pre- 
cipitating tho remainder of tho cyclonito Tho 
dilute acid filtrate is used again for tho pro 
duction of II/M/T dinitrate The filtrato and 
washings from tho latter contain formaldehyde 
as a secondary reaction product. This is 
recovered by neutralising tho acidity with chalk 
(or otherwise) and then concentrating and 
vacuum distilling the liquor. By this procedure 
tho consumption of formaldehyde* is reduced to 
60% and that of nitric acid to 25% of the 
amounts formerly used, littlo more than tho 
theoretical proportions being required. 

Physical and Chtnkal Properties — Crude 
cyclonite consists of a fine white crystalline 
powder, which, according to Avogadro (Mfm 
do 1’ArtiUerio Fran?aise, 1931, 10, 875) melts 
at 200° to 202°C., with decomposition. The 
crystals aro of the rhombic type, their crystallo 
graphic constants being described by Tcrpstra 


(Z. Krist. 1926, 64, 150). Large, colourless 
crystals may bo obtained by slow crystallisation 
from acetone. The melting point of the 
reciystallised material is given as 203 5 by 
Dcsvcrgnes (Chim. et Ind. 1932, 28, 
1038). Cyclonite is odourless, tasteless, nan- 
hygroscopic, non- toxic, and unaffected by tho 
action of light or adverse chmatio conditions 
Being colourless, it has no staining effect on 
the skin of the workers, nor does it produce any 
of the usual irritant effects common to most 
other nitre- ex plosives. It is stated that even 
after breathing appreciable quantities of tbs 
material in tho form of dust no ill effects were 
observed. 

Qyclomte is practically insolublo in cold 
water (0 007% at 20X. ; 015% at 100*0.), 
and very sparingly soluble in tho common 
organic solvents, with tho exception of acetone, 
100 parts of which dissolve 5 parts of cyclonito 
at 20° and 10 parts at tho boiling tempe raters 
(57 5*C ). Tho material is also soluble in 
strong nitric acid, nceti© acid, and hot formic 
acid From these solutions it is precipitated 
unchanged on dilution with water. Tho hulk 
density of the powder is stated by Avogadro 
to vary between 0 8 and 0 9, the absolute 
density of the crystals being 1-83, which is 
higher than that of any other mtro compound 
(except tetra-nitrambne) hitherto used as an 
explosive. Under high pressure the powder can 
bo compressed to an apparent density of 
1 69 The compound is very stable to heat, 
no change in weight or appearanco being 
observed after storing for two months at 100'C , 
or after 48 hours at 120°C. When stabilised by 
boiling with water and then submitted to tho 
Abel neat test nt 80°C., cyclonito produced no 
coloration on tho starch iodide test paper up to 
60 hours. On being heated slowly to 202*0., tho 
material melts and begins to decompose, with 
evolution of gas. If the temperature is raised 
etiU further, the decomposition proceeds rapidly 
to completion. If heated suddenly to 280°C . 
the material explodes violently. When ignited 
with a Dame, however, it burns briskly without 
exploding, tho flame having a reddish tinge. 

Cyclonite is normally regarded as a noutral 
compound, although according to Hennmg its 
solution in acctono has a weakly acid reaction. 
The material is unaffected by dilute alkalis, 
differing markedly from T.N.T. and similar 
nitro-oxplosives in this respect. It is equally 
resistant to diluto acids and to concentrated 
hydrochloric acid. It is decomposed, however, 
by concentrated sulphuric acid with evolution 
of gas, and is similarly attacked when heated 
with concentrated alkalis According to De» 
vcrgnen it is not possible to cstimato cyclonito 
by tho nitrometer method owing to the fact that 
only about five sixths of the total nitrogen I* 
liberated as NO. Itathsburg, however, found 
that tho material was reduced quantitatively to 
CjHgN s by titanium trichloride (Bcr. 1921, 
54, (BJ, 3183). 

Explosive Properties . — According to K«t, 
cyclonito detonates in accordance with tbo 
following equation, 

C,H,N,0,-2CO bC0,4-2H,04-H,+3Ny 



CYLINDRITE. 


537 


giving a heat of explosion of 1390 kg.-cal. per kg. 
More recent work, however, places this figure 
at 1,290 kg.-cal.. a larger proportion of the carbon 
remaining as the monoxide than is indicated 
by the ' above equation (Nitrocellulose, 
1935, 6, 24). Avogadro gives the following 
constants for cyclonite, the corresponding figures 
for T.N.T. being shown in brackets by way 
of comparison : velocity of detonation, 8,380 m. 
per sec., at density 1-70 (c/. 6,700 m. per sec. 
for T.N.T. at density T58) ; gas evolved on 
detonation 908 litres per kg. at N.T.P. (T.N.T. 
690 1. per kg.) ; lead block expansion (Trauzl) 
test 520 ml. (T.N.T. 310 ml.) ; compression 
test (Kast apparatus), 5-2 mm. (T.N.T. 3-6 mm.) ; 
figure of insensitivity (Berthe, 2 kg. wt.), 
42 cm. (T.N.T. 80, picric acid 60). 

Application . — The high velocity of detonation 
coupled with the large volume of gas liberated 
and the high density of the original material 
render cyclonite superior in blasting power and 
“ brisance ” to any other explosive hitherto 
used for bursting charges, not excluding blasting 
gelatine. In his original patent, Herz suggested 
that cyclonite might be employed as a bursting 
charge for projectiles and mines, as a blasting 
explosive, as a filling for detonating fuze, as an 
ingredient in percussion caps and detonators, 
and also as a secondary initiator in fuzes for 
projectiles. Its use as a propellant is described 
in G.P, 298539 and G.P. 299028, the following 
mixture being said to have good ballistic pro- 
perties : cyclonite 45, guncotton 30, nitro- 
benzene 10, trinitroanisole 9-4, and tetranitro- 
anisole 5-6%. G.P. 469721, 1927, also described a 
propellant consisting of cyclonite “ phlegma- 
tised ” with paraffin or carnauba wax, or with 
nitroaromatic bodies. 

The high melting-point of cyclonite precludes 
the possibility of pouring it in a molten con- 
dition into projectiles or mines. By mixing it, 
however, with a suitable-proportion (from about 
30% upwards) of a more easily fusible explosive 
such as T.N.T., a plastic mixture is obtained 
which can be poured or screw-filled into the 
ammunition concerned at a temperature below 
100°C. The use of such mixtures also reduces 
the risk arising from the rather high sensitivity 
of pure cyclonite without seriously detracting 
from the superior explosive power of the latter 
material. In this connection it was observed 
that when a rifle bullet was fired into a bomb 
filled with pure cyclonite, the latter ignited but 
did not explode, and the flame soon went out. 
A stream of bullets from a machine gun, 
however, caused explosion of the filling 
(Avogadro, l. c.). 

In spite of the difficulties indicated, the 
future of cyclonite as a major high explosive for 
military use is regarded as highly promising. 

j£ g 

CYCLOPARAFFINS (NAPHTHENES) 
IN PETROLEUM. Crude petroleum is a 
mixture of hydrocarbons in which paraffins, 
cycloparaffins, bonzenoid and polynuclear 
hydrocarbons occur. It has been surmised that 
cyclopropane and cyclobutane occur in natural 
gas, although the evidence is not very conclusive. 
In the subsequent fractions prepared by the 
distillation of petroleum undoubtedly there is a 


long series of cycloparaffins, but the separation 
of naphthenes from paraffins is extremely 
difficult, even although naphthenes and paraffins 
can be segregated from other hydrocarbons by 
the use of specific solvents, as, for example, 
nitrobenzene and phenols. 

In the motor spirit fraction cyclopentano and 
cyclohexane and their homologues are the main 
cycloparaffin components. There is evidence 
that dimethylcyclobutane occurs in Californian 
petroleum and cycloheptane in Russian oil. 
The latter hydrocarbon appears to be present 
in many natural crude oils as does also methyl- 
cyclopentane. cycloHexane occurs in Russian 
gasoline and has been identified in some of the 
American crudes. Of the other homologues 
dimethylcyclohexane, trimethylcyclohexane 
and dimethylethylcyclohexane have been 
obtained from a variety of crudes, e.g. 
American, Russian, Galician, Borneo and 
Japanese. 

In the kerosene fractions the identification is 
very much more difficult. Nevertheless, it has 
been surmised that certain bicyclic hydro- 
aromatic hydrocarbons occur. It is still more 
difficult to identify hydrocarbons of this type 
in the higher fractions, e.g. lubricating oils, and, 
in point of fact, there is very little precise 
information as to the chemical nature of any 
of the hydrocarbon components of high boiling- 
point. 

In the cracking of petroleum cycloparaffins are 
produced and they conceivably are formed by 
tho cyclisation of preformed olefins. In the 
case of cracked Russian kerosene, methyl cyclo- 
pentane, cyclohexane, dimethylcyclopontane 
and methylcyclohexane were identified in the 
products. So much as 30% of naphthenes have 
been obtained in an average cracked spirit. 
Special reference should be made to Carleton 
Ellis, “ The Chemistry of Petroleum Deriva- 
tives,” Rheinhold & Co. 

A. E. D. 

CYCLORAN E. Potassium oleate-f a higher 
alcohol (b.p. above 160°), used as a wetting-out 
agent. 

. CYGNINE, C 12 H 22 0 3 N 2 , is said to have 
been isolated from Gastrolobium calycinum 
(Leguminos® of Western Australia) 'by Mann 
and Inco (Proc. Roy. Soc. 1907, 79, B, 485). 
A way of preparing the amorphous alkaloid is 
described, and also the properties of the free 
base, the hydrochloride and the chloroaurate, 
but the report suggests further enquiry. 

Sehl. 

CYLINDRITE. (Ger. Kylindrit.) A com- 
plex sulphide ore of tin, Pb 3 FeSn 4 Sb 2 S 14 , con- 
taining, according to this formula, Sn 25-85%. 
It forms very peculiar cylindrical rolls of thin 
folia, the concentric shells parallel to the axis 
of the cylinder readily separating under pressure. 
The smooth, bright surfaces of separation no 
doubt represent the cleavages of cylindrically 
curved crystals. The colour is blackish lead- 
grey, with a brilliant metallic lustre. The 
mineral marks paper, and is difficult to pulverise, 
in these respects resembling graphite. The ore 
consists of numbers of these rolls, -which 
measure up to 3 cm. in length and 1 cm. in 
diameter, confusedly aggregated together, or 
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sometimes with a sab parallel grouping, the 
interspaces being filled with massive material 
It has been found in some quantity in the Santa 
Crux mine, at Foop6, Bolivia. Tho above 
formula, written m the form 

3PbSnS,+ SnFeSbjS„ 
brings out a relation between cyhmlnto and the 
allied Bolivian minerals, tealhtc (PbSnSj) and 
franckeite (3PbSnS,4 Pt>,FeSb,S g ) Analyses 
I and II, by G T. Prior (Min. Mag 1004, 14, 
21); III, by A. I'renzel (Jahrb Mm 1893, 2, 
124) ; IV, E. O. J. Hartley (J.CS. 1936, 1292) , 
V. F. It. Brewer and E. Baker (J.C.S 1930, 
1292), 


Pb. 


I 


II 


IV 


Sp gr. . 


. 35 24 34 58 35 41 33 07 38 05 
Fe . .2 81 277 3 00 3 47 — 

Ag . 0 50 0 28 0 62 ml ml 

Sn . .25 65 25>10 20 37 25 06 2) 44 

iSb . . 12 31 12 98 8 73 11 02 7 74 

S . .23 83 23 88 24 50 24 39 23 75 

100 34 99 59 98 63 98 81 9158 

. 6 46 5 49 5 42 — — 

L. J. S. 

CYMARIN, C ja H J4 0,, m p 130°, [aj„ +23°, 
is the simple cymarose glycoBide of strophanthi- 
din, t e. C 7 H n 0 3 O CjjHjjOj It is present in 
Canadian hemp and various species of Apo- 
cynum. Crystalline Kombl etrophanthin is a 
mixture of cymann with the glycoside of etro 
phanthobioso (Jacobs and Hoffmann, J Biol 
Chem. 1926, 67, 609 , 69, 153 , 1928, 79, 531) 

CYMAROSE, C 7 H h 0 4 , rap 88°, is the 
sugar obtained from the strophanthidin glyco- 
side cymann, present in Canadian hemp as well 
as in penplocymann from Penjiloca grata. 

Jt was shown hy Jacobs and Hoffmann 
(J. Biol. Chem 1026,67,609 ; 69,153, 1928, 
79, 531) to bo probably a methyl ether of digi 
toxose, and since it gnes nso to hydroxy, 
incthoxyglutnno acid on oxidation with nitric 
acid (EWerfield, Science, 1935, 81, 440, J Biol 
Chem. 1935, 111, 527), the position of the 
methoxy group is located as ■ 


H H H 

CH,-C • 6 • C CH t CHO 
OH OH OMc 

A possible lsomcride, Karmen tow, has been 
obtained m crystnllino form, ra p. 78°, (ojj, + 12°, 
increasing to +15 8°, from tho snrmenlocymmn 
of Strophanthus tarmentosug (Jacobs and 
Bigelow, J. Biol. Chem. 1932, 96, 355, 449) 

E F 

CYMENES (CYMOLS), C 10 H,. The 
name cvmene was first given to the hydrocarbon 
isolated by Ccrhnrdt and Cahours (Ann Chim 
Phys. 1841, [»u], 1, 102, 372) from Homan oil 1 
of cumin, which is the ethereal oil of Cuminum 
eymtnttM. This hydrocarbon was originally 
called />-mcthylpropyl benzene, but ttidman 
(Bcr. 1891, 24, 439, 970, 1C32) proud it to 
bo tho isopropyl compound. frequently the 
various benzene hydrocarbons of the formula 
CjjHj, are grouped together under the collcc- 


I tire name of cymenes. Tho following is a 
; brief account of tho more important of these 
hydrocarbons. 

■Methylwpropylbenzcne (p Cynitns), 


Occurrence — p Cymcno occurs widely distri- 
buted in the essential oils of gymnosperms ond 
Angiosperms, and, more especially, in thoso of 
tho UmbeJLfcraj and Labia ta; (Semmler, " Dio 
Actberischcn Oele,” iv, 19), Considerable 
quantities of crude cymcne, known as sulphite 
turpentine, collect on tlio surface of tho liquid 
in the separator used in recovering sulphur 
dioxide in the manufacture of wood pulp. 
Cymcno also occurs in certain petroleums. 

Formation and Preparation — Many of tho 
terpenes C l0 H l4 and their derivatives may bo 
readily converted into cymene. Camphor on 
dehydration yields mixtures of m- and ji cymene 
in proportions varying with the dehydra ting agent 
used. ji-Cymene is produced from dipentens 
when tho latter is shaken with concentrated 
sulphuric acid (Wallach and Brass, Annalcn, 
1884, 225, 311) and more than 68% ofp-cymene 
is formed when eitrol is distilled with a little 
iodine (Bogert and Fourman, Amcr. Perfumer, 
1933, 28, 345) Tho most economical methods 
of preparing cymene from terpenes are discussed 
by E Raymond (Bull Soc. chim 1934, [v], J, 
1470) 

Cymene has been synthesised by many of 
tho classical methods, eg. from p-bromo- 
cumene (p-bromotsopropyl benzene), methyl 
iodide, and sodium in ether (Widmau, Bcr. 
1891, 24, 450), or from isopropyl chloride, 
tolueno, and aluminium chloride (Silver, Bull 
Soc. chim. 1884, [u], 43, 321). It may he 
prepared by the action of isopropyl sulphate on 
magnesium p-tolyl bromide (Bert, Compt. 
rend 1923, 177, 452; Bull. Soc. chim. 
1925. 37, 1252, 1397). It is produced by the 
alkylation of toluene with propylene or isopropyl 
alcohol using various catalysts, e g. see J. Amcr. 
Chem Soc 1935, 57, 883-1, for use of propylene 
and phosphoric oxido ; J. Gen. Chem. Buss 
1935, 5117, for use of tsopropyl alcohol and 
a'mmimum chloride, Compt. rend. Ytf35, TSfc, 
4C6, for use of isopropyl alcohol and sulphuric 
acid 

Properties.— p Cymcno is a liquid, bp. 177— 
177 3° (corr.), d \ 9 0 8670 (Perkin, J.C.8. 1896, 
69, 1195 , 1900, 77, 279), m p. -75°. 

licaclions — for a general study of tho chlorina- 
tion, nitration and sulphonation of p cymene, 
see T Kuan (J. Chem. Soc. Jajnn, 1931, 52, 
473) , p-cymcne nitrates successively in the 2- 
and 0 positions (Bcr. 1887, 21, 2126 ; J. Amcr. 
Chem. Soc. 1027, 49, 491). bulphomtion give* 
the 2 sulphomc acid (Lc Fivre, J.CS. 1934, 
1501) Chlorination occurs successively in the 
2 , 5-, C , and 3 positions, and tho higher 
chlorination producta arc accompanied by chloro- 
toluencs formed by replacement of tho isopropyl 
group with chlorine (Quilt and Holniberg, AcU 
Acad Alocnais. Math. I’hys, 1932, 6, Ko. 14, 3). 
Bromo and lodo derivatives are known. On 
oxidation p cymene yields terepkthahe acid. 
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toluic acid, p-a-hydroxyisopropylbenzoic acid, 
methyl p-tolyl ketone, any of which can be 
obtained in fair yield under suitable conditions. 
Catalytic oxidation in the vapour phase over 
vanadium pentoxide, and in the liquid phase using 
manganese dioxide have been studied (Ind. Eng. 
Chem. 1931, 23, 1129; 1932, 24, 1184). In the 
former case p-toluic acid, and in the latter p- 
toluic acid and methyl p-tolyl ketone are 
formed. Cymene is oxidised intestinally to 
eumic acid. With nitrosyl sulphuric acid in the 
cold p-cymene undergoes condensation, giving 
83% of a dicymene 

CH:CH • C • CMe„ • CH„ CH:CH-CMe 

I II I ’ I II 

CMe:CH C CMe-C : CH • CH 


(Jannasch and Fittig, Zeitsch. Chem. 1870, 
161); from toluene and methyl chloride 
in presence of aluminium chloride (Friedel and 
Crafts Ann. Chim. Phys. 18S4, [vi], 1,461) ; from 
o- or p-xylene, methyl chloride, and aluminium 
chloride (Jacobsen, Ber. 1881, 14, 2629). The 
durene formed by the two last methods may 
readily be separated from the accompanying 
isomeric tetramethylbenzenes on account of its 
much higher melting-point (Organic Syntheses, 
X, 32). 

Durene has a camphor-like odour, m.p. 79- 
80°, b.p. 189-191°. On oxidation with 
potassium permanganate it is ultimately con- 
verted into pyromellitic acid, 

C c H 2 (C0 2 H) 4 (1:2:4:5). 


(Puranen, Ann. Acad. Sci. Fennica:, 1933, 37A, 
no. 10). 

Tetramethylbenzenes : 

1. Consecutive tetramethylbenzene ( Prehni - 
tene), C 6 H,,(CH 3 ) 4 (1:2:3:4). When sodium 
durenesulphonate, 

C 6 H(CH 3 ) 4 S0 3 Na(CH 3 -groups 1:2:4: 5) 

{v. infra), is dissolved in concentrated sulphuric 
acid and allowed to stand for 12 hours, 
prehnitenesulphonic acid is formed. The 
mixture is diluted with water saturated 
with barium carbonate, the barium salts 
converted into sodium salts, and these, by 
treatment with phosphorus pentachloride and 
ammonia, transformed first into sulphonic 
chlorides and then into sulphonamides. Prehni- 
tenesulphonamide is separated by means of its 
sparing solubility in alcohol, and is then hydro- 
lysed by heating with concentrated hydro- 
chloric acid to 170°, when it yields prehnitene 
(Jacobsen, Ber. 188G, 19, 1213 ; see also V. Meyer 
and Molz, Ber. 1897, 30, 1278). The con- 
version of durene and isodurenesulphonio 
acids into prehnitene by the action of strong 
sulphuric acid is considered in No. VI of a series 
of papers on the polymcthylbcnzenes by 
Smith and Cass (J. Amer. Chem. Soc. 1932, 
54, 1614). 

Prehnitene may also be obtained by heating 
bromopseudocumene, 

C 6 H 2 (CH 3 ) 3 Br,(CH 3 ,Br,CH 3 ,CH 3 ,l:2:3:4), 

with methyl iodide, benzene and sodium at 
150° for 12 hours. It occurs with 1:2:5 :6 
tetramethylbenzene among the products of 
dehydrogenation of certain “ polyterpinoid ” 
compounds (i.a. see Ruzicka et al., Helv. Chim. 
Acta, 1934, 17, 426 ; Nailer, J. Amer. Chem. Soc. 
1934, 56, 1582. 

Prehnitene has b.p, 204° and m.p. —4°. 

(2) Unsymmelrical tetramethylbenzene ( iso - 
Durene), C 6 H 2 (CH 3 ) 4 , (1:2:3:5.) — Isodurene 
may be prepared by the action of dimethyl 
sulphate on a solution of the Grignard reagent 
from bromomesitylcno (Organic Syntheses, XI, 
66). It has b.p. 85-87°/18 mm. 

Symmetrical tetramethylbenzene (Durene), 
^t^sICHj), (1:2:4:5). — In coal tar (Ber. 
1885, 18, 3032). Preparation : — by the action of 
sodium on a mixture of bromopseudocumene, 
C|;H 2 (CH 3 )jBr (1:2:4:5), methyl iodide 


CYMOLS v. Cymenes. 

CYMOPHANE, “oriental cat’s eye ” v. 
CmtYSOBEHYL. 

.CYNTH I AXANTH IN. This pigment, 
which closely resembles zeaxanthin, is associated 
with an ester of astacene in Cynthia (Halo- 
cynthia) papillosa. It separates from alcohol in 
needles, m.p. 188-189°, and exhibits absorption 
maxima at 517, 484 and 452 mp in carbon 
disulphide (Lederer, Compt. rend. Soc. Biol. 
1934, 117, 1086). 

I. M. H., R. F. P., and F. S. S. 

c-CYPERONE. 


H 2 C 


H„C Me CH, 

C CH, 


CH 2 :CMe-HC 


C CO 

\ / 'V/ 


CH, 


CMe 


The sesquiterpene ketone, a-cyperone, 
C 15 H 22 0, b.p. 177°/20 mm., df 5 0-9945, 
D5283, [aj 5461 +138°, [a] 5780 +118-6°, forms 
the main constituent of the oil from the tubers 
of Cyperus rotundas (Hegde and Rao, J.S.C.I. 
1935, 54, 387T) and it has been characterised 
by the preparation of a number of derivatives, the 
more important being the oxime, m.p. 150-5°, 
semicarbazone, m.p. 216°, 2-A-dinitrophenyl- 
liydrazone, m.p. 208-209°. When digested with 
alkali or with oxalic acid it yields the stereo- 
isomeric ketone, fl-cyperone, b.p. 175-176°/ 
16 mm., dH O VMo, it” 1-5414, [a] 54H +239°, 
oxime, m.p. 138°, semicarbazone, m.p. 207°, 
dinilrophenylhydrazone, m.p. 218-219°. 

The structure of a-cyperone lias been 
determined by Bradfield, Hegde, Rao, Simonsen 
and Gillam (J.C.S. 1936, 667) and by Bradfield, 
Pritchard and Simonsen (ibid. 1937, 760). 

The constitutions assigned to a- and /?- 
cyperones have been confirmed by their syn- 
thesis (Adamson, Mc-Quillin, Robinson and 
Simonsen, ibid. 1937, 1576). 

L. J. S. 

CYPRESS CAMPHOR v. Cedrol. 

CYPRIAN VITRIOL. Copper sulphate 
(v. Copper). 

CYRTOLITE, a variety of zircon. 
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CYSTAZOL. A urinary antiseptic con- 
taining hexamethylenetetramine and sodium 
benzoate. (Alien and I! anbury s, London). B.P.C. 
1931. 

CYSTEINE »• Cv Stine. 

CYSTtNE. § duulphxda-a. amnopropiamc 
acid, 

HOjC CH, S S CH, CK(NH 2 1 CO t H, 

was first discovered by Wollaston in a urinary 
calculus (Phil. Trar-.a 1810. 223), Drechael 
isolated it from the liver of horse {Arch Anat. 
Physiol 1891, 243) and porpoise (Z Biol 1896, 
33, 83); it was found by Kul 2 (t bid- 1890, 
27, 415) among tho soluble products of an 
artificial pancreatic digestion of fibnn , Worner 
showed it was a product of tho hydrolysis of 
several proteins, being especially abundant in 
keratins (Z pby siol Chem. 1899, 28, 595, 
1901, 34, 207) It is now recognised as a 
constituent of nearly all proteins. Buchtala 
(ibid 1907, 52, 474) obtained the following 
percentages of cystine from the materials 
mentioned: human hair, 13-14 5, human nails, 
515; horsehair, 7 98; horse's hoofs, 3 20; 
ox hair, 7 27 , hoofs of oxen, 5 37 , pigs’ bristles, 
7 22 , pigs’ hoofs, 2-17 lor the cystine content 
of grasses and its relation to wool crop, tee 
Pollard and Chibnall (Biochem J 1934,28,320). 

I'or the importance of cystine in metabolism, 
tee Abderhaldcn (Z physiol Chem 1915-16, 
90. 1-147; Ber 1916, 49, 2449-2473), and 
Lewis (Physiol. Rev. 1924, 4, 394) In view, 
however, of the recent discovery of a new 
sulphur containing amino acid, methionine, much 
of our know ledge of the physiological r6lo of 
cystine is under revision (tee articles by Lewis 
and du Vigneaud in Annual Rev Biochem 1933, 
1935, and 1936). 

When cystine is given with food, it is largely 
oxidised to sulphato and excreted as such 
(Rot hern, J. Physiol 1905. 32, 175, du Vig 
maud, Croft and Loring, J lhol Chem 1934, 
104, 81) Baumann and l’reusse (Z physiol 
Chem. 1881, 5, 309; Ber. 18S5, 18, 258) found 
that when broroobenzeno was administered to 
animals it was excreted as Iromopkenylcysteme, 
COjH CH(NHj) CH 2 S C 4 H 4 Br, 
w catRpaw.'l esytAa.yaw.fc w. fcVAfcrvwfc 
or plates, m p. 180-182°, and yielding a blue 
crystalline copper salt, (C t H t BrSNO s )jCu 

According to Folm (J. Biol. Chem 1910, 8, 
9), cystine is most readily prepared from wool or 
hair by boding it in a reflux apparatus for 5-6 
hours with twice its weight of strong hydro- 
chloric acid, or until it ceases to give the biuret 
reaction; on removing the free hydrochloric 
acid by the addition of solid sodium acetate, a 
dark heavy precipitate of cystine is obtained, 
this h purified by decolorising a solution in 
3-5% hydrochloric acid with bone black, and 
precipitating tho cystine in the hot filtrate by 
hot concentrated sodium acetate solution 
There oro various modifications of this method 
which differ mainly m the manner of tho removal 
of the free hydrochloric acid and tho final 
purification (Denis, J. Biol. Chotu. 1911, 9, 
363; Harris, Proc. Roy. Soc. 1922-23, B, 94, 
441 ; Schmidt, J.C.S. 1922, 122, i, 992 ; Okabe, 


J. Biochem. Tokyo, 1928, 8, 441 ; Toennies and 
Bennett, J. Biol. Chem. 1930. 112, 39). 

The cystine of urinary calculus is identical 
with that obtained from protein hydrolysis 
(Rotbera, J. Physiol. 1905, 32, 175; Alsbergand 
Folm. Arner. J. Physiol. 1905, 14, 54; Fischer 
and Suzuki, Z. physiol Chem. 1903, 45, 405), 
and was proved to bo P-disulphtdo a amino. 
propionic acid) by Tnedmann (Beitr. Chem. 
physiol. Path. 1902, 2, 433) This view of its 
constitution w as confirmed by the synthesis of 
racemic cystino from ethyl nionobenzoylserine, 
obtained by reducing ethyl formylhippurate, the 
product of t he condensation of ethyl formato and 
ethyl hippurate On heating ethyl niono- 
benzoylserine with phosphorus pentasulphide 
and hydrolysing the product, cysteine is obtained, 
and this is readily converted into cystino by 
oxidation with air in an ammomacal solution ; 

H CO s Et+NHBz CH, CO,Et 
-*■ CHO CH(NHBz) CO,Et 
•+OH CH 2 CH(NHBz) C0 2 Et 
~>SH CH 2 CH(NHBz) CO *Et 
-*-SH CH, CH(NHj) COjH 
-*-S CHj CH(NH 2 ) co 2 h 

SCH a -CH(NH 2 )CO,H 

(Erlenmeyer, Ber 1903, 36, 2720) Fischer and 
Basko (»6id, 1908, 41. 893) also obtained r- 
cystine from dl a ammo ft chloropropionic acid 
hydrochloride by heating it with barium hydro- 
sulphide at 100° in sealed tubes, and oxidising 
the product by atmospheric oxygen in tho 
resenco of ammonia From tho natural 
senne the authors obtained, by ft similar 
process, an optically active cystino which is 
identical with the l cystino obtained from 
natural sources. Removal of sulphur by 
ammomacal copper solution or by zmo gives 
dl alanmo (Mauthncr, Z. physiol. Chem. 1912, 
78. 30) 

Cystine crystallises in thin colourless hexa- 
gonal plates, it has no melting point, but decom- 
poses slowly at 258-261° (Neuberg and Mayer, 
Z. physiol Chem. 1905, 44, 472). It is sparingly 
soluble in water, insoluble in alcohol or acetic 
acid, soluble in acids or alkalis. Tho heat 
■if at conataxA, y.xessM.x's w 4,137 

g -cal (Emery and Benedict, Amer. J. Physiol 
1911, 28, 301-307). The cystino molecule con- 
tains two asymmetno carbon atoms, and la.\Q 
cystine, tho naturally occurring variety", has 
(a] D —97 5°, m ammonia, —223° in hydrochloric 
acid solution (Gaskcll, J. I’hysiol. 1907, 36, 
142), Toennies, Lavine, and Bennett (J. Biol 
Chem. 1936, 112, 493) have studied tho specific 
rotation at different p n values and found 
Mh* —225° at p a 0 1; —323° between pa 3 and 
7 and —97° at p n 11-6. i-Cysttne is converted 
to the extent of 50% into r-cystmo by heating 
with excess of hydrochloric acid of spgr. 1*124, 
at 163° for 12-15 hours , this decomposes at the 
same temperature as tho activo isoraerido, is 
three times as soluble in water, and can be 
resolved into the activo components by tho 
action of Aspergillus mger, tho {- compound 
being consumed. 

Hollander and du Vjgneaud give a method 
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for the resolution of inactive cystine and the 
isolation of d-cystine (J. Biol. Chem. 1931, 94, 
243). 

Cystine is readily reduced to cystei n e (a-amino- 
fi-thiolpropionic acid), HS-C H 2 -C H (N H 2 )-C0 2 H 
(Baumann, Z. physiol. Chem. 1882, 8, 300 ; 
Mauthner, Z. Biol. 1901, 42, 176 ; du Vigneaud, 
Audrieth, and Loring, J. Amer. Chem. Soc. 1930 
52, 4,500 ; Gebauer-Fiilnegg, ibid. 4610). A 
solution of cystine irradiated with a quartz lamp 
gives about 5% cysteine (Szendro, Lampert and 
Wrede, Z. physiol. Chem. 1933, 222, 16). 
Cysteine readily yields' cystine on oxidation, the 
change occurring spontaneously in alkaline 
solution, although the rate is increased by the 
addition of a mixture of ferric chloride and 
potassium cyanide (Mathews and Walker, J. 
Biol. Chem. 1909, 6, 289). 

Cysteine and its derivatives are extremely 
active in facilitating oxidations and reductions 
in the tissues and it is probable that cystine 
derives much of its importance in the animal 
body from the fact that it is a source of cysteine. 
The most active derivative of cysteine in this 
respect is glutathione, y-glutamyl-cysteinylglycine, 
which has been synthesised by Harington 
and Mead (Biochem. J. 1935, 29, 1602). This 
tripeptide has been extensively investigated by 
Hopkins and co-workers who have shown its 
occurrence in most tissues in which it promotes 
oxidation and reduction processes (Biochem. 
J. 1921, 15, 286 ; 1925, 19, 787 ; J. Biol. Chem. 
1922, 54, 527 ; 1929, 84, 269 ; Proc. Roy. 
Soc. 1931, B, 109, 58 ; Biochem. J. 1932, 26, 
785, 817 ; 1935, 29, 108). 

Cysteine and cystine can be oxidised by 
bromine and iodine to cysleic acid ( a-amino-p - 
sulphopropionic acid), 

H0 3 S-CH 2 CH(NH 2 )-C0 2 H, 

and from this, by loss of carbon dioxide, taurine, 
nh 2 -ch 2 -ch 2 -so 3 h, is obtained (Friedmann, 
Beitr. Chem. Physiol. Path. 1902, 2, 433). 
According to von Bergmann (ibid. 1903, 4, 92), 
the normal taurine in the bile originates from 
the cystine. The oxidation of cystine and 
cysteine to cysteic acid has been studied in some 
detail by Shinohara (J. Biol. Chem. 1932, 96, 
285) using iodato and by Preisler and Preisler 
(J. Physical Chem. 1934, 38, 1099) using thallic 
sulphate. The oxidation with bromine and 
iodine has also been applied as a method of 
quantitative estimation ( v . infra). 

Cystine does not react quantitatively with 
nitrous acid in van Slyke’s method for the 
estimation of amino-nitrogen (Ber. 1910, 43, 
3170). This is probably due to the -SH group 
being converted in part to sulphuric acid (Lough 
and Lewis, J. Biol. Chem. 1934, 104, 601). 

Cystine and tyrosine can be quantitatively 
separated by means of absolute alcohol saturated 
with hydrogen chloride (Plimmer, Biochem. J. 
1913, 7, 311). The separation of cystine by 
means of its copper salt is described by Vickery 
and Leavenworth (J. Biol. Chem. 1929, 83, 
523). They have also investigated the pre- 
cipitation of cystine as silver salt (ibid. 1930, 86, 
129), When cystine in dilute sulphuric acid is 
treated with silver sulphate and the mixture 


adjusted to p B 6, 70-85% is deposited, but the 
precipitate when decomposed with hydrochloric 
acid yields cysteine. Accompanying this reduc- 
tion a small part of the cysteine is oxidised 
to cysteic acid. The silver compound appears 
to be a mercaptide. A similar behaviour of 
cystine with mercuric sulphate has been observed 
by Andrews and Wyman (ibid. 1930, 87, 427) 
and Simonsen (ibid. 1931, 94, 323). 

For the estimation of cystine several methods 
are available. Harris uses direct isolation 
(Proc. Roy. Soc. 1923, B, 94, 441) and Vickery 
and White precipitate cystine as cysteine 
cuprous mercaptide and estimate the S (J. Biol. 
Chem. 1933', 99, 701). Rossouw and Wilken- 
Jorden (Biochem. J. 1935, 29, 219) and Medes 
and Padis (ibid. 1936, 30, 942, 1293) also pre- 
cipitate as cuprous mercaptide but recover the 
cysteine and estimate by Folin’s method (see 
below). Volumetric methods for the estimation 
of cysteine and cystine are based on their 
oxidation to cysteic acid by bromine and iodine. 
The reaction is markedly affected by tempera- 
ture and hydrogen ion concentration (Okuda, 
A. 1926, 190; 1927, 996; 1929,730; Lucas and 
King, Biochem. J. 1932, 26, 2076 ; Baemstein, 
J. Biol. Chem. 1930, 89, 124; Virtue and Lewis, 
ibid. 1934, 104, 415; Lavine, ibid. 1935, 109, 
141). The colorimetric methods are all essen- 
tially based on colour reactions of cysteine 
(formed in the case of cystine by reduction with 
a suitable reagent) and can be adapted for the 
estimation of cystine, cysteine, or both. That 
most frequently employed is Folin’s and is 
based upon the blue colour formed by cysteine 
with phosphotungstic acid. Cystine is reduced 
by sodium sulphite (Folin and Looney, ibid. 
1922, 51, 421 ; 54, 171). The method has been 
modified in several details (Hunter and Eagles, 
ibid. 1927, 72, 177 ; Folin and Marenzi, ibid. 
1929, 83, 89; Rimington, Biochem. J. 1930, 
24, 1114; Tompsett, ibid. 1931, 25, 2014; 
Shinohara, J. Biol. Chem. 1935, 109, 665 ; 110, 
263). Another method much used recently is 
Sullivan’s (A. 1926, 1266; 1930, 199, 1604), 
which depends upon the formation of a red 
colour when cysteine reacts with l:2-naphtha- 
quinone. In the presence of sodium hypo- 
sulphite the reaction is not given by ergo- 
thionine or methionine and only by cystine 
in the presence of a suitable reducing agent. 
The method has been modified by Lugg 
(Biochem. J. 1933, 27, 668, 1022) and Bushill, 
Lampitt, and Baker (ibid. 1934, 28, 1293). 
The methods of Folin — Looney, Folin, — 
Marenzi, Sullivan, and Okuda are compared by 
Sullivan and Hess (A. 1930, 1604). 

On heating a solution of cysteine with 
dimethyl-yi-plienj'lenediamino and ferric chloride 
a blue colour is obtained which is claimed to be 
specific for cysteine and distinct from the 
methylene blue reaction for sulphides (Fleming, 
Biochem. J. 1930, 24, 965). 

Derivatives. — Cystine forms sparingly 
soluble salts with copper, C 6 H 10 O 4 N 2 S 2 Cu ; 
or mercury 

0 6 H 8 O 4 N 2 S 2 Hg 2 ,HgCI 2 ; 

2C 6 H 10 O 4 N 2 S 2 Hg,HgCI 2 ,7H 2 O; 

2C 6 H 8 0 4 N 2 S 2 Hg 2 ,Hg(N0 3 ) 2 . 
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With 30% nitnc or hydrochloric acid (at room 
temperature) it yields compounds 

C t H ll 0 4 N t S 1 -2HN0, and 
C a H u 0 4 N t S t -2HCJ 

(Morner, Z. physiol. Chem 1014, 93, 203). 
Cystine ethyl ester hydrochloride, 

S,fCH* CH(NH,) COjEtJ^HCI, 
forms colourless needles, tap. 183° with 
decomposition (Friedmann, Bcitr Chem. 

Physiol. Path. 1902, 3, 1). Gortncr and Hoff 
mann (J. Biol Chem. 1927, 72, 443) give 181® 
for the rap of I dt benzoyl cystine and for 170°. 
They also give tho following derivatives of l and 
••cystine : di-fl naphthalene sulphonyl l , 203- 
201® ; 215® , phenyhsocyanate l , 148® , 

i'-, 181®, phenylhydantom 122-123®, «, 

166®; dietAylesfcr dthydrochlortdc {, 177°, i, 
185®. I Cystine forms two sparingly soluble 
l addition products with picric acid, one with 
' 3 mols and tbo other with 0 xuols cystine per 
rs\cA of picric acid (Tocwwiea, Z physiol Chem 

1933, 223, 1). Several other donvatnes are 
described by Fruton and Clark© (J Biol Chem. 

1934, 103, 607) Numerous acyl derivatives of 
cyst mo arc described by Fischer and Suzuki 
(Z physiol Chem 1903,45,405, Fischer And 
Gerngross, Ber 1909, 42, 1485, Abdeihalden 
nnd Wybert, Bcr. 1916, 49, 2449) Of theso 
d» ( levcyl l cystine, 

S*rCH t CH(CO t H)NH CO CH(NH t )C t H 4 l t . 
is ft granular powder, turns y ellow at 200°, and 
decomposes at a higher temperature, has 
[a]™ —130 6°, or, when obtained ui a crystalline 
form, has [a]™ -141 4° , it gives ft reddish-violet 
colour with copper sulphate , is precipitated by 
ammonium sulphate, nnd may be termed an 
albumose 

Mesocystlne. — Lonng and du Vigneaud 
(J. Biol Chem. 1933, 102. 287) desenbo the 
isolation of the internally compensated stereo- 
isomer o! cyBtme and givo proof of its constitu, 
tion. J/esocy stino decomposes at 200-218°, 
dijormyl- and phenyluramxno- derivatives hare 
m p. 192-193° and 191°-192° respectively 

lonng, Porfmann and du Vigncaud find that 
mesocystino can replace tho natural I-cystme 
in tho diet. d-Cystino does not promote 
growth. They suggest that mcsocystme is 
reduced in the body with the liberation of 
/cysteine (J. Biol. Chem. 1033, 103, 399) 
The cystine isomcrides also show differences m 
the ease with which they are oxidised to 
sulphate m the animal body (du Vigncaud 
Craft, and Lonng, ibid 1934, 104, 81 ) 

M. A. W. and W. V. T. 

CYSTOPURIN. A compound of sodium 
acetate and hexamethy lenetetramme ( Oenatosan , 
Loughborough). B.P.C. 1934. 

CYTASE, as recently defined by Oppen 
heimer, is tho group name for tbo enzymes 
winch hydrolyse mannan, galactan, xylan and 
araban. 

Xylan, which Haw orth has show n to contain a 
chain of 18-20 xylopyranose units, is hydrolysed 
by the enzyme of Helix, giwng G9% of xylose 
(Ehrenstein, Helv, Chim. Acta, 1026, 9, 332) 


and by’ an enzvmo in malt extract yielding 
75% xylose (Lucrs, IVoch. Brau. 1928, 45 
S3). 

Jlannan, galactan and araban are at present 
Ul defined substances, so that little can be said 
about their appropriate enzymes, Cytasea arc 
widely distributed, but with tho exception of 
xylmase the statements about them aro 
indefinite (c. Brewing, Vol. II, p. 87). 

K. F. A. 

C YT I S I N E. Cj tismo is an alkaloid widely 
distributed in the Fam. Papihonaecm; it has 
been isolated from different plants under 
various names ( vlextnt , bojitiloxine, sophortne). 
Plugg© nnd Pluggo nnd Rauwerda (Arvh. 
Pharm 1695, 233. 430; 1890, 234, 6S5) havo 
m\ estigated between fifty nnd a hundred 
Papdionaceio [Cytisus, U lex. Genista, S ophora, 
Baptism, Eiichresfa, Auapi/ris, 8pp ), and 
gne tho yields they obtained and a complete 
auricy of the occurrence of cytisine. This list is 
completed by tho work of Rauwerda (Chem. 
ZenVt I, 299). The yields Tsry con 

sidcrnbly Cytisus Laburnum (syn Laburnum 
nil gore) contains roughly 1% ; in Sophora 
see and ijl ora it may be as high as 3 47%. In 
A nagyrxs fcctida cytisine occurs together with 
anagynne (q i.), nnd N -methyl cytisine (Ing, 
J CS 1935, 1053) The latter has also been 
isolated from Cavlophyllum lhahetrotdes (Fora. 
Bcrbendaec*) by Pow er and Salw ay {J C.S. 
1913, 103, 191) and from Thermopsis lanceolata 
(syn Sophora lupinoides) by Orechoff, Norlona 
and Gurewitsch (Ber 1934, 67, [B], 1394). 

Extraction (Ing. J C S. 1931, 2195, with 
references concerning earlier extractions)- — 
finely ground laburnum seeds (1 kg ) aro in- 
timately mixed with slaked Jimo (ICO g ) and 
water (500 c.c ) is added ; tho mixture is 
then extracted with CHCI, for 20 hours. Tbo 
sohent is ci ft para ted ix vacuo, the residuo 
stirred with light petroleum nnd left oiemight. 
Most of the alkaloid separates, the mother liquor 
being extracted with dilute acid. Tho crudo 
alkaloid is boiled m dilute HCI with animal 
charcoal, the filtered solution is made strongly 
alkaline and extracted with CHCI S . The dried 
solution is evaporated, cytisine crystallising out 
at once (yield 20 g ). Tho alkaloid is best 
purified by distdlation tn. vacuo, followed by 
crystallisation from dry acetone. 

CyUsmt (I), CjjH^ON,. [a)” -119® 57' (ill 
water, for further details concerning rotations, 
tee Rauwerda, J C S. 1900, 78, I, 607 ; Arrh. 
Pharm 1900, 238, 477); m p. 164 5-1555®; 
bp 218°/2 mm.; crystallises from acetone in 
prisms. (I) is cosily soluble in H,0, EtOH, 
CHClj, but sparingly soluble in Et,0 and 
benzene. 

N-me%/-(I). [a] D -234® 10' (in H.O), mp 
136°, needles (from iigroin or acetone), is obtained 
by interaction of (I) and methyl toluencsulphon- 
ate (Trcund and Gauff, Arch, Pharm. 1918, 258, 
33; see also Ing, Ic. 1931). N -methyl (I)- 
mcthiodide, m p. 276° (from MeOH). 

N-ece/yl-d). m p. 208® (Parthed, Arch 
Pharm. 1892, 230. 448) ; mono N benzoyl (I) 
mp. 116° (Maass, Ber. 1908, 41. 1636); p- 
toluenesulphonyl-{l), mp. 207-208®, solullo in 
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dilute acid and warm EtOH, insoluble in cold 
H 2 0, can be recrystallised from hot H z O (Ing., 
l.c., 1931). 

Treatment of (I) with H„0, yields hydroxy- 
(I) ,C n H 13 ON-NOH, m.p. 223-226° (Freund 
and Friedmann, Ber. 1901, 34, 605). Tetrahydro- 
deoxy-( I), C n H 20 N,, is formed by electrolytic 
reduction of (I), strongly alkaline oil, b.p. 270°/ 
760 mm. (Freund and Horkheiiner, Ber. 1906, 39, 
814). 

In aqueous solution (I) or its salts gives a red 
colour with ferric salts, which is discharged by 
H 2 0 2 , a blue colour being eventually developed 
on heating (van do Moer’s reaction, see Spath, 
Monatsh. 1919, 40, 26). 

Salts of (I). — (I) is a strong base and forms 
crystalline salts, the common salts are mono- 
acidic, but a dihydrochloride has been described 
(Partheil, l.c., 1892), B-HCI,H 2 0, colourless 
prisms; B-2HCI,3H 2 0, yellow needles; 
B-HI,H„0, yellow prisms; B 2 -H 2 S0 4 , hygro- 
scopic needles; B-HAuCI 4 , reddish-brown 
needles, m.p. 220°, sparingly soluble in wann 
H 2 0 ; B HN0 3 ,H„0, needles or leaflets, 
[a] D -81° 29'. 

For dissociation constants of (I) and its 
salts, v. Itolthoff (Biochem. Z. 1925, 162, 
327). 

Constitution of Cytisine (early references, cf. 
Ewins, J.C.S. 1913, 103, 97, and Ing., l.c. 1931).— 
When (I) is heated with H I and red phosphorus 
to 230°, ammonia, cytisoline (II) (CjjHhON, 
needles from EtO H, m.p. 199°), and fi-cytisolidine 
(III) (CjjHjjN, b.p. 132-133°/14 mm., 
platini-chloride, m.p. 234°) are obtained. (II) 
and (III) are reduced by sodium and EtOH 
to a-cytisolidine (IV), (C n H 15 N„ oil, platin- 
ichloride, m.p. 216°). Zinc dust distillation 
of (II) affords (III) (Freund, Ber. 1904, 37, 16; 
Ewins, l.c., 1913). Ewins (l.c. 1913) proved 
by synthesis (III) to be 6:8-dimethyl-quinoline 
and (IV) to be 6:8-dimethyl-l:2:3:4-tetrahydro- 
quinoline; (II) is a liydroxy-6:8-dimethyl- 
quinoline. Spath (Monatsh. 1919, 40, 93) 
showed that 2-hydroxy-6:8-dimethylquinoline is 
identical with (II). No further conclusions 
concerning the constitution of (I) can be drawn 
from these experiments. Van de Moer’s colour 
reaction (see above) led Spath to conclude 
(l.c. 1919, p. 26) that (I) contains an a-pyridone 
group. Ing (l.c. 1931) first demonstrated 
that (I) does not contain a quinoline nucleus ; 
from theoretical reasons and from the results of a 
Hofmann degradation he put forward a new 
formula for (I) which was but slightly modified 
by Spath and Galinovsky (Ber. 1932, 65, [B], 
1526) and accounts satisfactorily for all the 
degradation products of this compound. 

CH/ 

CH, CH CH 

I I I II 

NH CH 2 N\ /CH 

I I I CO 

CH 2 CH CH 2 

I. 

In the Hofmann degradation only the secondary 
N -atom is involved, the N -atom of the pyridone- 
system does not react. Spath and Galinovsky 


(l.c. 1932) demonstrated that hydrogenation 
of the des- bases after each interaction of 
alkali and quaternary base is essential so as to 
avoid polymerisation. These authors finally 
obtained letrahydro-hemicytisylene, CnH 15 ON 
(V), which still contains all C-atoms of (I). 
By ozonolysis of (V), the adjacent pyridone ring 
is destroyed and a lactam C 7 H 13 ON (VI), 
formed which may be hydrolysed and then 
oxidised to a mixture of a-a'-dimethylglutaric 
acids (VII) : 




CH, CH CO 

I l 

CH, NH 

I ‘ I 

CH 3 CH CH 2 

VI. 


CH, CH COOH 

I 

CH, 


CH 3 CH COOH 

VII. 


A further important proof for the correctness 
of formula (I) is provided by Ing (J.C.S. 1932, 
2778) and by Spath and Galinovsky (Ber. 1933, 66, 
1338). The latter authors effected a Hofmann 
degradation on N-acetyl-tetrahydrodeoxy-(I), 
thus opening the reduced pyridone ring and 
leaving the other heterocyclic ring unattacked. 
The product obtained was N-acetyl-3-amyl-5- 
methylpiperidine (VIII), which was dehydro- 
genated and oxidised to /J-methylnicotinic acid 
(IX). 

N -acetyl-tetra-I 
hydrodeoxy-(I) j 

CH„— CH— C 6 H u 

I I 

s- CH.CO-N CH 2 

I I 

CH 2 — CH— CH 3 

VIII. 


C H 3\. r / 5% % ; /'C 5 H jj 


ch 3\/V/Cooh 


N 

IX, 
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(I) is closely related to the alkaloid anagyrme bands a, 1, and c of cytochrome represent the 
{q t.). a-bands of the three corresponding compounds 

whilst the band d represents the fused jjj. bands 
CH V CH °f at least the two compounds 6' and c'. 

• 1 . I M The characteristic properties of cytochrome 

pu, i, fit. Jj components arc due to the nitrogenous com. 

I . i*i N w<I pounds with which their hsmatins are com- 

u 1 iti Xu ° bmed. “ Cytochrome components differ from 

y * their haematins just as much as hemoglobin 

CH, differs from haematin ” (Keilin). Certain varia- 

tions in the structure and properties of cyto- 
Pltystological Action . — (I) is a powerful poison chrome are revealed by the study of micro- 
resembling nicotine in its action (c/. Dale and Laid- organisms (Keihn, Nature, 1934, 133, 290). 
law, J. Pham. Exp, Ther. 1911, 3, 205). For Whilst the a bsoiption spectrum of cytochrome is 
toxicological identification, see Fuhcer and usually similar to that of bakers’ yeast (a 
Mertcns (Btochem. Z, 1921, 115, 262) ; for micro- 6030A, b 6650A, c 6500A, d 6230A) the bands b 
chemical identification of (I) in plant material, and c may be replaced by a single hand 6, 
sec Klein and Farkass (A. 1931, 243). (e g in B. Coli, B. proteus, B. megatherium, A,«= 

Schl 6600A), or band a may be shifted a little either 
C YT I S O L I D I N E v. CmsiNE. towards the violet or the red. It can he definitely 

CYTISOLINE v. Cxtisixe. stated that the three components of cytochrome 

CYTOCHROME. MacMunn in 1886 (Phil “represent three distinct htemochromogen 
Trans. 177, 267) described a pigment, under the compounds each having at its base a different 
names myohasmatm and hwtohsematm, which Fe-porphynn nucleus It is possible that these 
ho found in muscles and other tissues of most Fe-porphynn nuclei are united to similar if not 
animal species. He concluded that myo- and identical nitrogen compounds. These com- 
histo-hamatin are respiratory pigments different ponents may also differ in the degree of their 
from hsemoglobin and its denvatives His dispersion." 

observations were criticised by Hoppe Seyler Of the three components of cytochrome two, 
and others and although MacMunn made a b' and especially o', are very unstable , they are 
strong defence, his view a were not accepted, as fragile as most of the enzymes (Keihn, Ergeb. 
and his work was forgotten until 1925, when d. Enzymforschung, 1933, II, 239). Component 
Keihn confirmed bis discovery (Proc. Roy. Soc a' decomposes at 55°C , liberating its hjematm 
B, 1925, 98, 312). This worker found that the compound. Component c' is heat stable and 
pigment was more widely distributed and more may be easily extracted from baker’s yeast, 
important than anticipated by MacMunn. Keilin has studied the relationship of cyto- 

Keilin termed the pigment cytochrome and chrome to respiratory enzymes of the cell (Proc. 
showed it to be an intracellular substance Roy. Soc. 1929, 104, B. 206). His conclusions 
common to aerobic bactena, yeast, higher are as follows : (1) Components a' and c' of 
plants and animals. Spcctroscopio examum- cytochrome are not autoxidisable, whilst 6' and 
tion of cells showed it to exist in reduced and an unbound ham&tin also found ui the celt are 
oxidised states. In the reduced state it shows, autoxidisable. The latter in the reduced state 
according to Keilin, a characteristic absorption can combine with carbon monoxide, (2) The 
spectrum composed of four bands, a, 6, c and hsemochromogen precursor of cytochrome is also 
d, occupying practically the same position in autoxidisable but cannot combine with carbon 
most of the organisms studied. In the muscles monoxide. (3) Constituents of cytochrome can 
of guinea-pigs, for instance, tho bands are found give rise to thermostable peroxidase activity, 
at (a) G045A, (6) 5G62A, (c) 5500A, (d) 5205A, (4) The indophenol oxidase of cells (which is 
whilst the positions of maximum intensity of the inhibited by cyamdo or carbon monoxido) is 
bands in the thoracic muscles of bees are (a) responsible for the oxidation of cytochrome, 
COJOA, (6) 5 665 A, (c) 5502A, (d) 5210A especially of its non autoxidisable components 

The absorption spectrum markedly alters on a' and c’. (5) Cytochrome in living cells u 
oxidation, the four strong bands disappearing reduced by organic compounds, especially 
and being replaced by weak diffuse bands lying succinic acid, when theso are activated by their 
about a 5665A and 0 5287A. The highest dehydrogenases. (6) Cytochrome acts as a 
concentration of the pigment is found in actively hydrogen carrier between activated organic 
metabolising tissues such as the thoracic wing compounds and activated oxygen (7) The 
muscles of flying insects, heart muscles of autoxidisable component b' may act aa a earner 
mammals or birds, pectoral muscles of flying between similar activated molecules and free 
birds or in baker’s yeast. molecular oxygen. 

There is some parallelism between tho con- Keihn (Proc. Roy. Soc. 1030, 106, B, 418) 
centration of cytochrome in cells and their has described a method of extracting, cyto 
respiratory activities. The pigment is chrome c' from bakers’ yeast. This consists of 
apparently completely absent from anaerobic plasmolyaing Delft yeast with NaCl and 
organisms. pouring into boiling tap water. Tho mixture. 

It was shown by Keilin that cytochromo is after standing a short time, is cooled with ice. 
not one chemically defined substance but a allowed to settle, the supernatant fluid removed, 
mixture of threo hacmochromogen-liko com- and the deposit of yeast filtered on a Buchner 
pounds, a', l', and e', capable of being oxidised funnel and washed. The yeast cakes so formed 
and reduced independently of each other. Tho are suspended in a solution of sodium bisulphite, 
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sodium hyposulphite (Na 2 S 2 0 4 ) is added, and 
the mixture is left overnight in a stoppered 
bottle. The clear pink filtrate contains, in 
solution, cytochrome c', mixed with salts and 
proteins. Subsequent treatment with CaCI 2 
and S0 2 effects a separation of the pigment. 

The component c' thus extracted corresponds 
to the modified myohsematin of MacMunn and 
shows two strong bands in the visible spectrum, 
a at 5495A and /9, which seems to consist of three 
maxima, the central one of which is approxi- 
mately at 5200A. Dixon, Hill and Keilin 
(Proc. Roy. Soc. 1931, 109, B, 29) find that the 
absolute absorption spectrum of reduced 
cytochrome c' in the violet belongs to the type 
of spectrum given by hfcmatin compounds. 
The spectrum of cytochrome c' in the reduced 
state is that of a typical hfemochromogen 
and in the oxidised state that of a parahsmatin 
compound. Reduced cytochrome c' does not 
oxidise in neutral solution; at p B 4 and at p B 13 
it becomes, however, autoxidisable. It reacts 
with carbon monoxide under alkaline con- 
ditions, forming a compound easily dissociated 
by light — behaving thus like an autoxidisable 
hsemochromogen. “ It differs from all known 
h®m and hasmochromogen compounds which 
on shaking with air rapidly oxidise to the 
corresponding hiematin and parahaamatin 
compounds.” The constitution of tho haema- 
tin of cytochrome c' is as yet unknown 
(Roche and Benevent, Cornpt. rend. Soc. 
Biol. 1936, 123, 18). Reduced cytochrome 
is not oxidised by iron compounds, but by 
h 2 o 2 , ferricyanide, and copper salts. Oxidised 
cytochrome is reduced by sodium hypo- 
sulphite, cysteine, p-phenylenediamino, and 
catechol. Its reduction in the living cell is 
accomplished by activated hydrogen donators 
(metabolites), the reduced form being oxidised 
through the indophenol oxidase. Hence its oxida- 
tion in the cell can be inhibited by substances 
which poison the indophenol oxidase, e.g 
cyanide, or H 2 S. Under anaerobic conditions 
cytochrome is found in the living cell in the 
reduced form which then shows the typical 
spectrum. Removal of the anaerobic state 
under normal conditions (e.g. shaking with air or 
oxygen) causes oxidation of the reduced form 
of the pigment and the disappearance of the 
characteristic spectrum. This phenomenon 
may be observed in living tissues. Recent work 
(e.g. by Theorell, Biochem. Z. 1935, 279, 463 ; 
1936, 285, 207) has emphasised the important 
part played by cytochrome as a carrier in the 
respiration of aerobic cells. 


Further information may be sought in an 
article by Shibata, which deals particularly with 
bacterial cytochrome (Ergeb. d. Enzymforsch- 
ung. 1935, IV, 348) and in the papers of Keilin 
and his colleagues. 

J. H. Q. 

C YTO S I N E, 2-oxy-6-amino-dihydropyrimi- 
dine, 


n=c-nh 2 

/ \ 

CO CH 


\ ^ 

NH— CH 


Keto-form. 


a product of hydrolysis of tho nucleio acid 
from the thyroid gland and of nucleic acids of 
other origin. It has been synthesised by the 
following series of reactions : ^-ethylthio- 
carbamide hydriodide and ethyl sodioformyl- 
acetate condense to form 2-ethylthiol-ti-oxydi- 
hydropyrimidine 


NHCO 



CH 


'S ^ 

N • CH 


which is converted by tho action of phosphorus 
pentachloride into 2-ethylthiol-6-chloropyrimidine 

N:CCI 

EtS-C^ CH 

% ^ 

NCH 


this reacts with alcoholic ammonia to form the 
6 -amino-derivative, which yields on prolonged 
boiling with hydrobromic acid, 2-oxy-G-amino- 
dihydropyrimidine 

n=c-nh 2 

CO CH 

\ ^ 

NH— CH 


identical with natural cytosine (Wheeler and 
Johnson, Amer. Chem. J. 1903, 29, 492, 505 ; 
Hilbert and Johnson, ibid. 1930, 52, 1152). 

Cytosine crystallises with one molecule of 
water in thin colourless pearly plates, becomes 
anhydrous at 100° and decomposes at 320-325°. 
It is insoluble in ether, and sparingly soluble in 
alcohol or water, 1 part dissolving in 129 parts of 
water at 25°. 


D. 


DAHL’S ACIDS, I, 2-naphthylamine-5- 
sulphonio acid ; U, l-naphthylamine-4:6-di- 
sulphonic acid ; III, l-naphthylamine-4:7- 
disulphonic acid. 

DAMASCEN I N E, methyl 2-methylamino- 
3-methoxy benzoate, C 10 H 13 O 3 N, m.p. 25-26°, 
b.p. 154°/15 mm., 270°/750 mm., occurs in the 
Von. in. — 35 


seeds of Nigella damascena (Linn.) (0-4-0-5%) 
and of N. aristala. 

Its constitution was established by synthesis 
(Ewing, J.C.S. 1912, 101, 544) and “ methyl 
damascenine ” (Keller, Arch. Pharm. 1908, 
246, 1), shown to be identical with damascenine : 
damasceninic acid, C s H u 0 3 N, stated by 


640 


DAMASCENINE. 


Pommerehne (ibid. 1900, 238, 531) to be isomeric 
with damascenine, is a product of hydrolysis 
of the alkaloid (see aha Keller and Schulze, 
ibid. 1925, 263, 481). An alternative method of 
synthesis has been described by Kaufmann 
and Rothlui (Ber, 1916, 49, 678). A full 
account of the properties and synthesis of 
damascenine, which is also described as the 
odoriferous principle of oil of Nigella used m 
perfumery, is given by Somet (Manf. Chem. 
1924, 5, 87). 

Damascenine is mildly narcotic in action. 

A. J. E. 

DAM BON I TO L, mp. 195°. is a dimethyl 
ether of i-inositol ; it is found in Gabon rubber 
and in the latex of Castilloa eZasfica. 

E F. A. 

DAMMAR RESIN. The word used m the 
Malay States is damar, indicating resin used for 
making torches. The word “dammar ” is here 
restricted to the resin used in spirit varnishes 
and nitrocellulose lacquers, etc , which u 
obtained from various Bpeciea of the Diptero 
earpaeex and possibly Bureeroeex. The trees 
producing these resins are found on the Malayan 
Peninsula and the Pacific islands generally. 
For a full account of the dammar resins obtained 
in the Federated Malay States and the Straits 
Settlements, from which the greater part of the 
world's supply comes, reference should be made 
to a report by the Conservator of Forests, 
FJU.S. and S8 (see J. Oil Col. Chem. Assoc 
1924, 7, 186). The resin is obtained by a tapping 
process, somewhat similar to that used in tho 
production ol ordinary turpentine. One of the 
highest grades of dammar is that known as 
Cat's Eye dammar, the finest pieces of which 
yield an almost colourless solution in coal tar 
hydrocarbons. It is mostly obtained from 
species of Ilopea, principally II mxcrantha 
The tree exudes resin, which congeals on the 
trunk. This particular type of tree will not 
yield a steady Bupply by tapping. In the Malay 
States this is known as Mata Kuching From 
tho commercial point of view dammar known 
Penak or damar Penak is more important 
regard to quantity, although it is not of 
high a quality as Mata Kuching. Penak 19 the 
product of Balanocarput Ileinm. 

Three samples of dammar examined at the 
Imperial Institute were found to have the follow- 
ing characters. 

1. Pals 2. Brownish- 3. Pate 
lumps. yellow. powder. 

Moisture, % ..06 07 1-1 

Extraneous matter,% 0 2 01 2 8 

Acid valuo ... 35 I 34 6 38 3 

Saponification value 39 6 38 1 47 8 

Ash, % .... 001 001 161 

Softening point °C. . 71 80 72 

Temp, of gradual 

fusion °C. . . . 83-95 88-93 80-90 

The difficulty in adopting limit figures for 
this resin is shown by the fact that acid values 
up to 72 have also Men found by the Imperial 
Institute. 

Coffignier (Bull. S^c. chim. 1911, [ivj, 9, 519) 


gives the following figures for sit samples of 
known origin : 

1 2 3 4 5 « 

Sp gr. at 18* . .103610481057102S1001HM2 
Melting point . 05’ 120* 95* 110* 190* 105* 

Acid value. ■ - 31 4 35 1 30 1 19 9 69 6 18 S 

Saponification value 33 7 615 39 3 30 9 64 5 196 

Insoluble la alcohol, 

% . . . . 20 3 23 6 101 22 4 45 5 J2 8 

Insoluble lo ether, °» 4 5 9 6 1 0 4 1 87 9 3 i 

Insoluble in acetone 

% 14 7 20 4 14 0 16 4 45 3 St 3 

Origin —1. Padang. 2. Borneo. 3 Singapore 
4. Pontlanac 5. Sumatra. 6. Batyaa. 

Barry (“ Natural Varnish Resins,” p. 106 el 
teg.) gives analyses of a number of samples 
which are of considerable value, as the samples 
were supplied by the Conservator of Forests, 
F.M.S. and S S. The samples included Dammar 
Mata, Kuching, Penak, “ dead ” dammar, 
and some inferior dammars. For Mata Kuching 
he found acid values 21-5, 23 2, and 23 8, and 
from 0 05-0 47% insoluble in chloroform. For 
Penak, acid values 34-37 1, and from 0 2-3 64% 
insoluble m chloroform. The high figures for 
insoluble matter were found for samples in 
powder form and may therefore merely indicate 
high extraneous matter. A sample of Dammar 
Temak gavo the following results : 

Acid value . . . 20 6 

Saponification value . 25 6 
Loss at 105° . . 1 06% 

Melting-point . . 80-90* 

Iodine value (Wijs) . 61 

Dead dammar, a name applied to the opaque 
resin, sometimes yielded by Balanocarput 
Hetmu, gave the following figures 

1. 2 3 

Moisture (at 105°), % .0 67 5 86 2 5 

Insoluble in CHCI,, % 1-76 Traces 0-65 

Ash, % . .0 04 0 12 019 

Acid value . . . 30 5 26-7 28 4 

Non resinous matter, % 2 4 6 98 3 32 

Acid value of pure 

ream 31-3 28 4 290 

Two samples of Siamese dammars have been 
examined by F. H. Geake (Ind. Eng. Chem 
1927, 19, 826), both of which were probably 
from species of Shored. They had the following 
characters ■. 


Specific gravity ... 1 059 

Acid value .... 32 9 

Saponification value . . 159 2 

Moisture, % ... . 1-9 

Ash, % 014 035 

Softening-point 
Melting-point 

Three samples of Siamese rosin examined by 
Barry (op ctt.) gave acid valuo 17-4-27, saponi- 
fication value 26 2-45 5, iodine valuo (Wijs) 
43-5-60, insoluble in chloroform 0 4-2 58%. 

It is not considered wise to include the sug- 
gested composition of this resin, as the results 
of combustions giving formula: such M 
C 5s H eo O, to a resin acid can hardly be relied 
on until crystalline derivatives are prepared 
(see Dulk, J. pr. Chem. 1848, [i], 45, 16)- 
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A, so-called Borneo dammar is obtained from 
Valica moluccana. Kemner (Farben-Ztg. 1936, 
41, 686) states that it has acid value 13 - 47, 
saponification value 60-37, and melting-point 
200°. It contains a little wax, which causes its 
solutions to be somewhat cloudy. It is known 
as Hiroe dammar. 

E. J. P. 

DANA1TE.-A cobalti-ferrous variety of 
mispickel (ironsulpharsenide, FeAsS 2 ), 4-10% 
cobalt replacing iron. 

DANALITE. A rare sulpho-silicate mineral, 
with the formula 3R 2 Si0 4 -RS, where R repre- 
sents Fe, Zn, Be, Mn, containing BeO about 
14%. The flesh-red or grey cubic crystals are 
octahedral or tetrahedral in habit ; sp.gr. 
3-35-3-43; H.=5J-6. It occurs in granite at 
Rockport and Gloucester, in Massachusetts, 
and large crystals have been found in Cornwall. 
Closely allied is the tetrahedral-cubic mineral 
helvite, which contains about the same amount 
of beryllium, but with a preponderance of 
manganese and no zinc. 

L. J. S. 

DANDELION, Taraxacum officinale Wig- 
gers (Fam. Composite). A common weed of 
Europe and America. The leaves, which have 
a somewhat bitter taste, are sometimes eaten 
after boiling or used green as a salad. For this 
latter purpose they are frequently blanched. 
Recorded analyses of edible leaves are : water, 
85-5%; protein, 2-4~2-8% ; fat, 0-7-1 -0% ; N-free 
extract, 7-5-10-6% -, fibre, 1-5% ; ash, 2-0%. 
According to J. S. Kleiner and H. Tauber 
(Science, 1935, 82, 552) the ascorbic acid content 
of leaves averages 0-08-0-10 mg. per g. of fresh 
material. The “ down ” of dandelion seeds 
contains, in addition to cellulose, soluble 
pentoses, hemicellulose and probably a xylan 
(Votofiek and Zvoni£ek, Coll. Czech. Chem. 
Comm. 1933, 5, 448). Karrer and Schopp have 
isolated a flavin from alcoholic extracts of the 
flowers (Helv. Chim. Acta, 1934, 17, 771). 

A. G. Po. 

DAPHNANDRA ALKALOIDS. The 

bark of the Australian plant D. repandula 
(Fam. Monimiaceae) is remarkably rich in 
total alkaloids (6%). Pyman (J.C.S. 1914, 
105, 1679) isolated and characterised three 
new alkaloids from D. micrantha : daph- 
nandrine (I) (1-5-2%), micranthine (II) (max. 
0-5%), and daphnoline (III) (1-5%). Mode of 
extraction : ground bark percolated with 0-25% 
aqueous tartaric acid, concentrated, made alka- 
line with NHj, and extracted with CHCI 3 . 
Separation of phenolic from non-phenolic bases 
by shaking CHCI 3 extract with NaOH. 
CHC1, evaporated and residue treated with 
CH 3 -C0 2 Et, when crude (I) separated. The 
residue is a mixture of (I) and (II) and is 
finally separated by conversion into the oxalates. 
The phenolic portion {see above) is acidified, 
made alkaline with Na 2 C0 3 and (III) taken 
up in CHCI 3 , from which solution the crude 
phenolic base soon separates. 

Daphnandrine (I), C 3e H 33 0 6 N 2 , colourless 
needles from CHCI 3 , with 0-5 mol. solvent of 
crystallisation, m.p. 280°, [a] D +474-7° (anhydr.) 
practically insoluble in boiling H a O, and all 
organic solvents except boiling CHC1 3 . The 


base contains three OMe and one NMe 
groups. Hydrochloride, B-2HC1+5H 2 0, 
colourless prisms, m.p. 282° (anhydr.), [a] D +296- 
314°; hydrobromide B-2HBr+6H 2 0, m.p. 
291° (anhydr.), [a] D +265-280°; acid oxalate, 
B-1£H 2 C 2 0 4 +5£H 2 0, m.p. 225°. 

Micranthine (II), C 30 H 32 O 6 N 2 , colourless 
needles from CHCI 3 , m.p. 190-196°. The base 
contains one OMe and one NMe group. 
Insoluble in H 2 0 and Et 2 0, sparingly soluble 
in EtOH or CHCI 3 , the only crystalline salt is 
the sulphate B-H 2 SO 4 +10H 2 O, fine colourless 
needles (from H 2 0) decomposing at 312°. 

Daphnoline (HI), 


^94^34^6^2 0r ^35^3G®6^2» 


crystallises from CHCI 3 or EtOH in small 
hexahedra with solvent of crystallisation, 
m.p. 190-215°, [a) D +459° (dry base in CHCI 3 ) ; 
(III) is even less soluble in organic solvents than 
(I). Hydrochloride B-2HCI+3JH 2 0, large 
truncated bi-pyiamids, from moist EtOH, m.p. 
290° (anhydr.), [a] D +283°. The base contains 
two OMe and one NMe groups. Hydro- 
bromide B-2HBr+4H z O, clusters of micro- 
scopic needles, readily soluble in hot but 
sparingly so in cold H 2 0, m.p. 286° (anhydr.). 

The three alkaloids give characteristic colour 
reactions with Frohde’s reagent : (I) indigo 

changing to port-wine red ; (II) indigo changing 
to emerald green ; (ni) violet changing to port- 
wine red. 

There is nothing known about the constitution 
of the three alkaloids, for further colour reactions 
and pharmacological action, v. Pyman {l.c.). 

Schl. 

DAPHNETIN. Daphnetin is present in the 
form of its glucosido, daphnin, in the bark of 
the Daphne alpina Linn., D. Mezereum Linn., 
and D. odora (Thunb.). 

The concentrated alcoholic extract is digested 
with boiling water, filtered and treated with 
lead acetate solution. The precipitate is re- 
moved, basic lead acetate added to the filtrate, 
the lead compound of the glucoside decomposed 
with hydrogen sulphide, and the solution 
evaporated (Zwenger, Annalen, 1860, 115, 8). 
When hydrolysed with boiling dilute acids, 
daphnin yields daphnetin and glucose. 

Daphnetin, C 9 H 6 0 4 , pale yellow needles, 
m.p. 256°, is soluble in alkalis with a yellow 
colour, and gives a yellow precipitate with 
lead acetate solution. It forms a monoethyl 
ether, colourless plates, m.p. 155°, and a diethyl 
ether, needles, m.p. 72°. When the latter is 
boiled with caustic soda solution, the diethyl 
ether of daphnetinic acid : 


EtO 


EtO, 


OH 

CH=CH-COOH 


is produced, and this, by ethylation, yields the 
triethyl derivative. Oxidation of daphnetinic 
acid triethyl ether gives triethoxybenzaldehyde, 
which is readily converted into triethoxybenzoic 
acid. The silver salt of this acid, when destruc- 
tively distilled, yields pyrogallol triethyl ether. 



Diphnetin 
coumann } 


accordingly 7 8 dihydroxy- 
HO Q 

hoj^N^ Nco 


u 


^CH 


CH 

(Stilnkel, Bor. 1879, 12. 100; Will and Jang, 

« bid. 1884, 17, 1031). 

It has been synthetically prepared by heating 

S rogaUoI with malic acid in the presence of sul- 
uric acid (ton Pcchmann, liirf. 1881, 17, 033), 
and by the condensation of pyrogallaldchyde 
with sodium acetate (Gftttermann and Koobncr, 
ibid. 1800, 82. 287). 

Tho follow ing deriv nines hare been prepared . 
DibtnzoylJnphntUn, nip 152°, diacclyldaph- 
nth li, needles, mp 129° (von I'cehmann, lx ), | 
m p. 127° (Asai, Acta l’hytochun. 1930, 6. 0) 

8 - II ydroxy-7 vttlhoxyconmann, nip. 175®; j 
8 hydroxy - 7 cthoxycoumorin, m p. 145° . 8- 

mcthoxy.7 tlhoxycoumarm, mp. 81®; and 7- 
mtlhoxy 8 tlhoxycoumann, m p. 85 5® (Wessely j 
and Sturm, Her. 1029, 62. [II], 118; 1930, 63, 
[DJ. 1290). 

Lthyl daphnrhn 3 carboxybite, nip. 231-232® 
( diactlyl derivative, mp 129-130°), and tho | 
corresponding acid, m p 203° ( dtacelyl denva 
live, m.p. 213-214°) (Boehm, Arch. I’hnrm. 
1933,271,400) 

DaphntUn 3-carboryhe acid, mp 228®, 8- 
hydroxy -7. action yloxyconmarin, mp. 132-133®, 
and 8 inethoxy-l-acelonyloxycoumann, m.p 81 - 1 
82® (R&y, Silooja, ami Va:d, J C S 1033, 813) 
4.ilclhyhlaphntlin and its derivatives (Sakai 
and Kato, J. 1’bnrm Soc Japan. 1935, 65, 091) 


yellow, and oli\c black shades on woo) 
danted with tin, aluminium, chromium and 
iron respectively (I’crkin and Wilson, J C.S. 
1003, 83, 13 1). 

Daphnin, C,.H u O # . colourless prisms, m.p. 
228-229°, dissolves in nlkalmo solutions with a 
yellow colour. Mcthylation of daphnin and 
1 subsequent remov ol of tho sugar group (Wessely 
and bturm, le) yield 7-hydroxy-R methexy- 
coumann, m p. 185 6°. Daphnin, therefore, con- 
tains tho glucose residuo in position 7, and is not 
identical with tho daphnrtin gluco«ide s\n- 
theaised by LeonO (Gazzctta, 1925, 65, 673) 
from p ncetobromoglucose and daphnetm. 

According to Asai (Ic.), tho amount of 
daphnin present in various parts of tho J) odora 
varies with tho season, tg. Jargo quantities arc 
present In tho leaf buds in tho early stages of 
development. Daphnin absorbs short waves, 
e«[ieeially between the 'frequencies 3,200 and 
3,900, and in this respect is similar to flavono. 
Coumann and hydroxyconmnrin glucoaulcs 
resemble the hydroxvflavones in their light 
absorption and localisation in plants, and 
probably serve the snmo physiological purpose. 

A. O. P. and K. J. C. 

DAPHNIN i.DArn.vmv. 

DAPHNOLINE i. Dapiivandra Alka- 
loids. 

D’ARCET'S ALLOY c. BtsitCTir (VoL I, 
p. COS). 


DARCO r. Adsorption. 

DA R W I N I T E . A copper arsenide, similar 
to Domeykite, Cu,As. 

DATE. Tho fruit of tho palm Wain* 
daclylijera. Dates form tho historic food of the 
Arabs, and in recent times havo been cultivated 
W southern areas of tho Unitod States. Varieties 
import e^l into Europo are usually soft- fleshed 
and sticky. “ Dry,” firmer types aro more 
common around desert habitations. Attwatcr 
and Bryant (U.8. Dept. Agric. Off. Exp. Sta. Bull. 
1 900, No. 28) gi vo tho avorago rercentago analj eh 
of tho cdiblo flesh of cured dates as : water 15 4, 
protein 2*1, fat 2 8, N-froo extract + fibro 78 4, 
ash 1-3. Tho solublo carbohydrates of the 
date consist Largely of sucrose, tho Deglet Noor 
(Sahara) variety containing exceptionally large 
proportions. Kattah anil Crucss (Plant l’hysiol 
1927, 2, 319) record that Mesopotamian 
varieties contain largor proportions of total 
solids and of sugars than tho American-cultivated 
types In many varieties tho notual sucrose 
content is higher in tho green than in mature 
fruit, and 2(}-25% may bo inverted before 
harvesting. Approximately 3% of tho carlo- 
hydrates aro in tho form of pentosans (Wittumn, 
Z. lundw. Voreuclis. Oesterrcich, 1001, 4, 131, 
and according to Itcif (Z. Untera- I.ebcnsm. 
1031, 68, 179) a small amount of sorbitot is 
also present. A. It. C. Unas and D. E. Bliss 
(Ililgardia, 1935, 9, No. 6, 293) roport a detailod 
study of tho growth and composition of the 
Drglot Noor variety. 

Dried ground dato stones havo tho percentage 
composition s water 7-06, ash 0 89, protein 6 25, 
carbohydrates 65 53, fihro 13 60, oil 6 77. The 
oil ho* tho follow mg characteristics s rf ,s * 0 9201, 
n a 4 M580, saponification valuo 2061, iodine 
valuo 515, unsnponifiablo matter 1 9S%, freo 
acid (a* oleic) 0 5%, Kcichcrt-Meissl value 1 0, 
Tolenako vnJuo 3 0, insolublo fatty acids 
(m p. 22°) 88 7% (R. 0. llarry, Analyst, 1936, 
61.403). 

Tho dried, roasted and ground stones have 
been utilised as a coffco substitute, analysis of 
winch shows : 


15 8 173 

German 6 0 5 6 7 0 50 0‘ 278 1 3 

1 Includes 22 % of sugar. 

Tho gap of tho dato palm collected from 
incisions made In tho bark lias a high sugar 
content, ond after clarification and evaporation 
yields a crude brown sugar or Jaggery. 

An Indian bevemgo prepared from date* is 
stated by Biswas and Ouha (Indian hied. G*z. 
1033, 20, 382) to havo ten times the vitamin C 
content of cows’ milk, and a considerable pro- 
portion of vitamin-B. 

According to Das snd Sarin (Ind. Eng. Chcrn. 
1936, 28, 814) vinegar may bo satisfactorily 
prepared from aqueous extracts of dates by 
inversion of tho sugar with acid, and sub- 
sequent fermentation ; 100 lb. of fresh fruit 
aro stated to yiold 12-15 gal*, of standard 

a. a To. 
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in Piedmont ; in diorite at Rosskopf in Baden ; 
in g&bbra with copper ores at Monte Catini in I 
Tuscany; in " limunte ” (an aximte-pyroxenite) 
at Dundas in Tasmania; in serpentine in the 
Lizard district in Cornwall ; in calcite veins in 
sandstone at Sonthofen in Bavaria ; in veins of 
silver ore at Andre asberg in the Harz Moun- 
tains ; in the Lake Superior copper mines (here 
as a compact, opaque, white form resembling 
unglazed porcelain), in beds of magnetite in 
gneiss at Arendal in Norway. 

L J. S. 

DATURA STRAMONIUM, a bushy 
annual plant, growing in the warmer temperate 
regions. The seeds and leaves contain about 
0 I to 0 5% of alkaloid (dal urine), consisting of 
hyoscyamme associated with small quantities of 
atropine and hyoscine. 

DATURINE v. Datura Strabioniuu. 

DAURICINE, C M H«.N,0„ isolated from 
blenitpermum daurteum (1 3%) by Kondo and 
Nanta (Amer. Chem. Abstr 1927, 21, 2700) 
Slightly yellow, amorphous base, m p 115°, 

* M» —139°, soluble m EtOH, acetone, benzene, 
'and EtjO. Dimethiodide needles, m p 
f (anhydr ) 204°, [a]” —110°, O-mtthyldauncindi- 
melhiodide prisms, m p 152° (decomp ) , [a)“ 
— 80-1. For absorption spectrum, tee Ochiai 
(Amer. Chem. Abstr 1929, 23, 5272) Faltis 
and Frauendorfer (Ber. 1930, 63, 809) first 
suggested that dauricine belongs to the group of 
the &is-cocl&utine alkaloids (3 v.) (see also von 
Bruchhausen and Gericke, Arch Pharm. 1931, 
269, 115), which suggestion has finally been 
proved by the synthesis of methyl dauricine. a- 
raethme, m p. 125-126° (Kondo, Nanta, and 
Uyeo, Ber. 1935, 68, 619 , for complete survey, 
see alto Kondo, Arch. Pharm. 1936, 274, 65). 
Dauricine has the following constitution . 



Schl , 

DAVITAMON, Trade name for prepara- 
tions containing vitamin A, D, or both ( Organon 
Laboratories, London). B.P.C. 1934. 

DEAD DIPPING. The process of pro- 
ducing a pale yellow dead surface on ornamental 
brasswork. The brasswork, after the final stamp- 
ing, with its adhering black scale from the 
annealing oven, is placed in dilute nitric acid 
until the scale is detached, when it is remo% ed 
and washed with water. It is next plunged into 
stronger nitric acid, and when its surface is 
covered with minute gas bubbles, it is washed 
in a solution of argol and dried in hot sawdust 


D E AD O I L . ’Hie higher boiling fractions of 
shale oil, from w hich the greater portion of the 
solid paraffin has been removod by crystallisation 
DECACYCLENE, C^H^, formed when 
acenapbtbene is heated alone, with sulphur, or 
(for greatest yield, 39-35%) "with lead oxide in a 
sealed tube (Dziewofiski et al , Ber. 1903, 36. 
962; 1914, 47, 1679; 1918, 51, 457), and 
punfied by crystallisation from cumene or nitro- 
benzene. Forms large, glistening, golden yellow 
needles, m p. 387°, and gives a picrate, m p, 
295-296° (dec ) 

Dziewofiski and collaborators have shown by 
degradation with chromic acid and perman 
ganate that decacyriene has the constitution: 



(Ber. 1913, 46, 2156). 

It may be reduced by hydriodic acid and red 
phosphorus in a sealed tube (Dziewo&ski «t al , 
J.CS. 1924, 126, 1, 1056) or catalytically using 
nickel at 230° and 200 atmospheres pressure (von 
Braun, Ber. 1934, 67, [B], 214). Sulphonation 
yields a trisulphomc acid, the alkali salts of 
which dye wool various shades of red and 
violet from an acid bath (Dzieworiski and Poch- 
walskj, A, 1926, 279, G.P. 379610, USP. 
1496085). 

Klamer and Woszczerowicz (Chem. Zentr 
1934, I, 1700) describe both absorption and 
fluorescence spectra. 

DECAM ETHYL EN ED I CARBOXYLIC 
ACID, CO g H [CH,]j 0 CO,H. The ester is 
prepared by electrolysis of potassium ethyl 
pimelate in alkaline solution (G. Komppa, 
Re.r,U)ai,3A,QQft •, •!. VtokeiC ui -I. LlXDMrlen.. 
J.C.B. 1901, 79, 1200). It is also obtained bv 
adding hydrobromic acid to undecylimc methyl 
ester and converting this to the nitrile ester 
with subsequent hydrolysis (Walker and 
Lumsden, le„ H. Noerdlinger, Ber. 1890, 23, 
2357. For related methods, see J. von Braun, 
Ber. 1909, 42, 4550 ; A. Franke and A. Kroupa, 
Monatsh. 1930, 56, 331). A commercial pro- 
cess utilises dicyclohexanol which is oxidised 
(chromic acid) to diketodecamethylene-a*-dicar- 
boxylic acid and this last is reduced by the 
Clemmensen method (G.P. 602837). Deca* 
methylene ax-dicarboxylic acid has also been 
obtained by oxidising several natural products, 
e g. behenolic acid (T. Maruyama, Froc. Imp. 
Acad. Tokyo, 1934, 10, 407; the reverse 
synthesis has been effected by J. L. Simonsen 
and co-workers, J.Cii. 1928, 2678) ; swoleio acid 
(K. H. Bauer and J. Jlitsotakis, Chem. Umschau, 
1928, 35, 137) ; isoerucio acid (J. L. Simonsen 
and co-workers, J.C.S. 1027, 371); A hydroxy 
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stearic acid (Y. Asahina and H. Takimoto, J. 
Pharm. Soc. Japan, 1929, 49, 155) ; and by 
reduction of a decadiene acid contained in 
sardine oil (Y. Toyama and T. Tsuchiya, Bull. 
Chem. Soc. Japan, 1935, 10 , 192). 

Decamethylene-ax-dicarboxylic acid has m.p. 
125° (Maruyama), 126-5° (Franke and Kroupa), 
129° (corr.) (D. A. Fairweather, Proc. Roy. Soc. 
Edin. 1925, 46, 71). For X-ray measurements 
of the acid and esters, see A. Normand, J. Ross, 
and E. Henderson, ibid. 1926, 47, 69 ; J.G.S. 
1926, 2632. 

The half-esters yield esters of eicosane-l:20- 
dicarboxylic acid on electrolysis (D. A. Fair- 
weather, l.c. ; L . Ruzicka and co-workers, 
Helv. Cbim. Acta, 1928, 11, 1174). cyclo- 
Undecanone and cjre?odokosanc-l:12-dione are 
formed on distilling the rare earth salts (e.g. 
thorium and particularly yttrium) of the acid 
(B.P. 235540 ; L. Ruzicka and co-workers, 
Helv. Chim. Acta, 1926, 9, 249 ; 1928, 11, 670. 

DECCAN GRASS CEREALS, Millet 
(Vol. II, p. 482c). 

DECHEN1TE. Lead vanadite containing 
zinc and manganese. 

D EC H O L I N . Trade name for preparations 
containing dehydrocholic acid, employed in 
treating hepatic diseases (Riedel- de Haen, 
Berlin ; Old. Strand Chemical and Drug Co., 
London). B.P.C. 1934. 

DECOLORISING CARBONS v. 

Charcoal, Activated. 

DECYL ALCOHOL (and ACETATE). 

n-Deoyl alcohol, C 10 H 21 -OH, is used, but in 
very small amount, in perfumes of the rose, 
neroli, and orange type. Not more than 1% 
should be used in rose perfumes. Sp.gr. at 
15-5° 0-836, j£° 1-4375, b.p. 232°. Decyl acetate, 
CioH 21 -OOC-CH 3 , has a swcot, fruity odour, 
and is used to give a distinctive note to many 
floral perfumes. B.p. 190°. 

E. J. P. 

DECYL ALDEHYDE, n-C 8 H 1B -CHO. This 
synthetic perfume is so powerful that it is 
usually sold in a 10% alcohol solution, and must 
be used in traces only. It has an intense, sweet 
odour, allied to that of orange, and is used — in 
traces — in floral compounds of the jasmin, rose, 
violet and wallflower types. When freshly made 
it melts at 18-20° ; b.p. at 12 mm. 94°, at 760 
mm. 210° ; sp.gr. at 15-5° 0-828 ; n™ 1-4296. 

E. J. P. 

DEGALOL. m-Dihydroxycholic acid for 
the treatment of cholelithiasis. (Riedel-de Haen ; 
Old Strand Chemical and Drug Co.) B.P.C. 
1934. 

DEGRAS (MOELLON) or SOD OIL is 

the waste fat recovered as a by-product from the 
chamoising (oil-tanning) process, and is used 
for the currying (stuffing) of heavy leathers and 
the fat-liquoring of light leathers ; its value 
for these purposes is such that in some factories 
skins are chamoised solely for the sake of pro- 
ducing, the moellon. For the production of 
chamois leather, the flesh-splits of sheepskins 
are used, which are usually de-limed by 
“ drenching.” The wet skins (partially dried by 
“ stocking ” with sawdust) are stretched on 


tables and rubbed with fish oil — in England 
cod (liver)-oil is chiefly used, but whale oil and 
seal oil are also employed on the Continent, and 
menhaden oil in America — and then pummelled 
and worked in the “ stocks ” so as to become 
thoroughly impregnated with the oil. The skins 
are then hung in the air to cool, and the process 
of rubbing in the oil, stamping in the stocks and 
airing is repeated until enough oil has been 
adsorbed. By the exposure to the air, the oil 
undergoes partial oxidation and hydrolysis, 
which is accompanied by the evolution of 
volatile products, among which acrolein is 
noticeable in the later stages. In the so-called 
English or German methods of working, the 
oxidation is promoted by piling the skins 
together in boxes or in covered heaps (after, 
or between, the stockings) in order to retain 
the heat generated by the oxidation ; the 
skins must be turned or cooled occasionally, 
however, in order to prevent overheating. In 
the French method the skins are “ stocked,” 
aired, and “ fermented ” under milder con- 
ditions than in the English method, so that the 
oil becomes less thickened, and it is possible 
to recover a large part of the surplus un- 
adsorbed oil by steeping the leathers in warm 
water and wringing them, or pressing them in 
hydraulic presses : the fatty matter so ex- 
pressed is termed premihre torse moellon (rnoS.lon 
degras in the United States). 1 A further quantity 
of grease is recovered from the skins by washing 
them with hot solutions of soda or potash, as is 
done in the English or German methods; 
the inferior degras obtained in this way is 
frequently added to the moellon. In the 
classical English or German method of working, 
the oil becomes so thickened as a result of the 
more intense heating that it cannot be pressed 
out of the skins, and the whole must be recovered 
by washing with hot alkaline lyes ; the emulsion 
so obtained is acidified with sulphuric acid, 
when the fatty matter separates and can be 
skimmed off. This product constitutes the 
sod oil of commerce. According to Proctor, 
however, many English manufacturers have now 
adopted a modified procedure, akin to the 
French method, and recover a considerable 
quantity of moellon by pressure (Proctor, 
“ Principles of Leather Manufacture,” 2nd ed., 
1922, p. 459) ; the same is the case in American 
practice (cf. J. A. Wilson, “ Chemistry of 
Leather Manufacture,” A.C.S. Monograph, 1929, 
vol. II, p. 719). 

The mechanism of the changes that occur 
during' chamoising is still very imperfectly 
understood. Evidently considerable oxidation 
and hydrolysis of the oil tabes place, and part 
of the applied unsaturated oil enters into some 
form of irreversible combination with the skin 
substance, since only a limited portion of the oil 
adsorbed by the leather can be recovered by 
extraction with solvents : moreover, the skin 

1 It may be noted that in the United States wool 
grease is commonly known as “ degras ” or “ sod oil," 
and must not be confused with the " moSllon dSgras " 
obtained from cod-liver oil by chamoising. In 
Europe, also, the term " degras ” is indefinite, as it 
also embraces the mixed commercial stuffing greases 
and leather-greases obtained from tanned skins and 
I clippings. 
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undergoes a. true tanning (“ od tannage ”) 
since extraction with solvents does not restore it 
to the condition of pelt, as is the case if it is 
attempted to “ chamoisa ” the ekin with a 
saturated acid, eg. eteanc acid. Cbambard 
andMichallet (j. Int.Soc. Leather Trades Cbem 
1927, tt, 5591 regard the chamoising process 
as comprising two distinct reactions, 112. (J) the 
tanning proper, whereby the moist skin sub- 
stance is converted into tbe more stable feather- 
substance by the action of the unsaturated oil 
with the participation of oxygen (c/. Lauff- 
mann. Lodertech. Rundschau, 1926, 18, 191), 
and (2) a secondary “ stuffing ** or nourishing 
action whereby relatively inert and polymerised 
derivatives of the oil are adsorbed by the leather 
fibrils. The first reaction may take the course 
suggested by Fahnon (Z. angew. Chem. 1891, 
4, 172, 634 i 1903, 18, 670; 1909, 22, 2083, 
ef. Jfeunier and Seyewctz, Coll. 1908, 203, 
Chim, et Ind. 1818, (i), 73), m. (1) a peroxida 
tion of at least two of the unsaturated Imkings 
of the pel} ethylemc fatty actd chain, followed 
by (11) the combination (oxidation) of two 
protein (amino) groups of the skm-substance 
with one of the peroxide groups, whilst the 
x hydrogen bo liberated is absorbed at the second 
peroxidised linking to form a labile di hydroxy 
group ; the latter may pass finally into a more 
stable form, perhaps by lactowsation with the 
carboxyl group liberated by hydrolysis of the 
oil. Tautomeric change of the dihydroxy 
groups into the keto hydroxy form, or the 
conversion of peroxide groups into monoxide 
(epoxide) groups and other subsidiary oxidation 
reactions may account for the formation of tho 
inert “ oxidised ” acids or their glycerides 
which are found jn the unadsorbed moellon, and 
for the appearanco of other oxidation products 
(aldehydes, volatile fatty acids, etc.) during the 
chamoising process. Fahnon’s theory that the 
intermediate, labile oxidation derivatives (per- 
oxides T) of the oils or fatty acids are the actual 
tanning agents is supported by tho fact that 
neither recovered d£gras, nor “ blown oils,” 
nor the “ oxidised acids " from these, possess 
appreciable chamoising power. The presence of 
moisture in the skin 13 essential in order to 
bring it to tbe condition of a permeable, re 
active gel; it i* probable, however, that the 
water also plays ft chemical idle — in tho partial 
hydrolysis of tbe oils, for instance. True 
tanning (chamoising) can also be procured by 
means of linseed oil, but the resultant leather 
is inferior in suppleness and softness to a good 
chamois leather prepared by means of cod liver 
oil ; a harsh leather is also obtained when 
fish oil fatty acids are used in place of tbe 
glycerides (c/. Fahrion, Q.P. 338476; Lewko- 
witsch and Wood, B.l*. 13128, 1911), and the, 
recovered digras is unsatisfactory. 

Mo€Uon possesses considerable emulsifying 
powers, and contains usually about 20-25% of 
water ; the most characteristic constituents are 
the resinous " oxidised fatty acida ” ohtamed 
upon saponification, and termed dlgraa former 
[digragine, Dlgrasbildner) by Sunand (Gerber, 
1890, 10, 243, 254, 200, 279) ; these are insoluble 
in light petroleum, but soluble in alcohol and 
alkaline solutions, from which they are ro- 


precipitated by the addition of mineral acid; 
according to I’ahrion, they consist of a com- 
plicated mixture _ of oxidised (peroxidised, 
hydrorylated ?) acids. 

The characters of pure “ moellon -d^gras ” are 
illustrated by the figures in Table I (due to 
J. A. Wilson, op. cit , p. 800 ; Wilson and Me mil, 
“Analysis of Leather,” 1931, p. 383); cf. alio 
Ruhsam, J.S C.I. 1892, 11, 639; Tortelh, Ann. 
<i Lab. chim. d. Gabeiie, 1897, 184; Schmitz- 
Dumont, Drogl. Polyt. J. 1896, 206, No. 9-11; 
(these, with other figures, are reproduced by 
Lewkowitsch in “ Oils, Fats, and Waxes/' 
vol. Ill (6th ed.), 1021, pp. 435-9). 

Moellon is not used in its pure Btate for curry- 
ing, but is mixed with fish or blubber oils, tallow, 
etc, and sometimes wool grease, to form the 
ordinary commercial dfgraa; according to 
trade custom, such products are regarded as 
genuine. (Standards for commercial moellon 
and d£gras, issued by the German Verband dw 
Degras u. Lederoelfabrxkanten (c/. Gnamm, 
“Die FettcstoSe in dcr Lode rind uslne,” Stutt- 
gart, 1926, p. 635) are shown in Table II.) On 
the other hand, numerous substitutes for d4graa 
or artificial digrat occur in commerce, which 
consist of highly adulterated ddgras, the 

Table I. 


Analysis of Mo£llon-D£oras (Wilson). 



“Typical 
' sample." 

% 

Average 

figures 

% 

Free fatty acids (as oleic 

21-4 

15 7 

acid) .... 

Unsapomfiable matter 

12 


Unoxidised fatty acids 

49 7 
(lod. val 
, 79; mp 
33°C.) 

Gl 9 

1 (iod. val. 

. 80; mp. 
28°C.) 

Oxidised fatty acids . 

12 8 

(iod. val 
88) | 

104 

(iod. val. 
83) 

Water .... 

23-1 1 


Ash . . 1 

10 1 

08 

Free mineral acid 

0 

0 

j Table II. 



German Standards for Commercial Moellov 
and D fcon AS. 



1 

» 

ft 

: O 

£ 

a 

Total fatty matter 1 . . 

% 

80 

78 

75 

Saponifiable matter 1 

70 

63 


Uneapomfiablo matter . 

10 

15 



6-8 

6-7 


Volatile matter (water) . 

20 

22 


Ash 

>1 

>1 

>1 




A tolerance of 2% Is permitted ta these figures 
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adulterants including mineral oils, blown oils, 
rosin, blown rosin oils, etc. ; according to the 
German standards (see above) rosin is not 
tolerated in “ moellon ” or “ dcgras,” but may 
be accepted in products sold as “ leather oils ” 
provided its presence is declared. 

For methods of analysis of degras, cf. 
Lewkowitsch, “ Oils, Fats, and Waxes,” vol. Ill, 
Ch. 16 (2); Auerbach, Coll. 1931, 311; (pro- 
visionally adopted as official methods by the Int. 
Ver. Lederind.-Chem.) ; Immendorfer, Collegium 
1925, 135; American standard methods — J. 
Amer. Leather Chem. Assoc. 1927, 22, 567. 

E L 

DEGUELIN v. Deems. 

DEHYDRASE, DEHYDROGENASE. 

The reducing enzymes are the most labile bio- 
catalysts known. Their isolation from the 
tissues by methods analogous to those used for 
the hydrolysing enzymes is usually impossible ; 
perhaps they are closely bound up with the 
structural elements of the cell. They are 
usually studied by Thunberg’s (Skand. Archiv. 
1920, 20, 1) methylene blue technique, which 
consists essentially in determining the reduction 
time of the dyestuff in the presence of the cell 
and its substrate, the experiment being made in 
vacuum tubes under anaerobic conditions. 
The substances which reduce the dyestuff are 
known as hydrogen donators, the substances 
whioh can be reduced in presence of the cell are 
termed hydrogen acceptors and the catalysts as 
dehydrogenases. 

Whilst many substances are active as donators 
in presence of tho cell, many others, closely 
related in chemical structure, are inert. It is 
considered, in explanation of this selectivity of 
action, that there are relatively few dehydro- 
genases, but that each deals with a particular 
type of molecule rather than with a specifio 
substrate (Quastel, Trans. Faraday Soc. 1930, 
26, 853). Quastel has emphasised that the 
essential happening is a change in tho substrate 
molecule as a whole prior to reaction. This is 
spoken of as tho activation of the molecule 
(Ergebnisse der Enzymforschung, 1932, 1, 
209). 

Methods of preparing active dehydrogenases 
from tissues by crushing them very finely in a 
steel ball mill are described by Ogston and 
Green (Biochom. J. 1935, 29, 1983, 2005). 

The principal dehydrogenases distinguished 
act on succinic, malic, formic, citric and lactic 
acids, xanthine and alcohol. 

Succinic dehydrogenase converts succinic acid 
into fumario acid in presence of methylene blue. 
It is present in bacteria and in muscle tissue 
(Thunberg, Skand. Arch. Physiol. 1917, 35, 
165 ; Wieland and Frage, Annalen, 1929, 477, 
1). It has a high specificity. 

The so-called Schardinger enzyme of milk 
converts aldehyde to acid, hypoxanthin and 
xanthin to uric acid (Wieland, Ber. 1914, 47, 
2085 ; Annalen, 1929, 477, 32 ; 1930, 483, 217). 

Tho dehydraBe of the acetic bacteria converts 
alcohol into aldehyde and this into acid, the 
oxygen acting as acceptor in presence of the 
enzyme. An alternative theory is that a second 
molecule of aldehyde acts as acceptor for the 
first (Wieland, Ber. 1913, 46, 3327; Wieland 


and Bertho, Annalen, 1928, 467, 95 ; 1929, 474, 
1; Bertho and Baso, Annalen, 1931, 485, 26; 
also summary by Bertho, Ergebnisse der Enzym- 
forschung, 1933, 2, 204). The acceptor used for 
studying these reactions is quinone. 

Citric acid dehydrase is present in the liver and 
in vegetable material acting on citric acid (Bem- 
heim, Bioehem. J. 1928, 22, 1178 ; Thunberg, 
Amer. J. Physiol. 1931, 90, 640). 

The dehydrases of seeds have been studied 
by Fodor (Bioehem. Z. 1930, 225, 409, 417 ; 
1932, 246, 4). The subject is too involved for 
further treatment here; reference is made to 
the most recent summary articles by Quastel 
and by Bertho in Ergebnisse der Enzym- 
forschung, 1933, 1, 209 ; 1934, 2, 204. 

^ 

DEHYDROTHIO-m-XYLIDINE, 





is prepared together with about an equal amount 
of isodehydrothio-m-xylidine when ra-xylidine 
is heated with sulphur. The excess of m- 
xylidine is removed by distillation and the 
residue treated with hydrochloric acid in which 
the iso-compound is insoluble. Dehydrothio-m- 
xylidine has m.p. 107°, b.p. 283°/14 mm., is 
insoluble in water, readily soluble in hot 
alcohol (Anschutz and Schultz, Ber. 1889, 22, 
582 ; Paul, Z. angew. Chem. 1896, 9, 679), and 
may be sulphonated (G.P. 593632). 

Both dehydrothio-m-xylidine and tho iso- 
compound yield azo-dyes, but only those from 
the latter are substantive to cotton. iso- 
Dehydrothio-m-xylidine, m.p. 121°, has been 
shown to have tho structure : 



(Anschutz and Schultz, Ber. 1925, 8, [BJ, 

64). 

DEKOL. Sulphite cellulose waste liquor 
used as a wetting-out agent. 

D EKRYS I L. Trade name for 4:6-dinitro-o- 
cresol, used in the treatment of obesity (British 
Colloids, London). B.P.C. 1934. 

DELATYN ITE v. Amber or Succinite. 

DELCOSINE v. Delphinium Species, 
Alkaloids of. 

DELPHIN is the 3:5-diglucoside of del- 
phinidin (q.v.). Qualitative tests (Robinson and 
Robinson, Bioehem. J. 1931, 25, 1687) had 
already indicated the possibly wide occurrence 
of an anthocyanin of this type when Reynolds, 
Robinson and Scott-Moncrieff (J.C.S. 1934, 
1235) succeeded in isolating delphin from tho 
bright blue flowers of Salvia patens. The pig- 
ment, which is present as a complex aoyl deriva- 
tive, is accompanied by a large proportion of 
anthoxanthins. The latter remain in solution 
when aqueous lead acetate is added gradually 
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to a eolntjon of the mixture in methyl alcoholic 
HCI, the anthocyamn being precipitated as a 
lead salt. Hydrolysis of acyl groups occurs 
when the regenerated anthocyamn is kept in 
contact with aqueous- alcoholic HCI, and 
reeiystalhsation of the simplified pigment gives 
delphin chloride. The pure diglucoside separates 
from 3% HCI in homogeneous, flat, leaf-Uke 
crystals having a striking bronze reflex, and 
when dried in air consist of a Irthydraie, 
C„H II O n C),3H t O. 

The chloride is very sparingly soluble in cold 
water, alcohol and dilute acids, but it dissolves 
readily in hot dilute HCI. The pseudo bate 
is formed when the chloride is heated with water 
or alcohoL The solution in aqueous sodium 
carbonate is bright pure blue fading slowly to 
cleargreen. Sodium acetate gives a violet-blue, 
and ferric chloride added to the aqueous solution 
develops a bluish-violet coloration In alcoholic 
solution tho iron reaction is violet blue A royal 
blue precipitate is formed when lead acetate 
is added to a solution of the chloride. Boiling 
10% HCI hydro]} ses the anthocyamn to del- 
■ phmidin chloride (1 mol ) and glucose (2 mo Is ) 
Careful comparison of the colour reactions of 
delphin with those of synthetic antbocyamns of 
known constitution enabled Reynolds, Robinson 
and Scott Moncneff (l. c ), to relate delphin to 
cyanin ( q v ), that w, to assign to delphin the 
constitution of a 3 5 diglucoside of delphimdin. 
Delphin chloride was synthesised by condensing 
together m ice cold ethyl acetate solution 
saturated with dry HCI 2-O-tetra-acetyl 0 - 
glucosidylphjoroglucinaldebyde (I) and <a 
tetrn acetyl - p ■ glucosidoxy - 3 4-5 - tnacetoxy - 
acetophenone (II). An aeetylated anthocyamn 
resulted from which delphin chloride (III) was 
obtained after hydrolysis with methyl alcoholic 
barium hydroxide and treatment with dilute 
sulphuric and hydrochloric acids. 




Both the natural and synthetic anthoeyanin 
have identical quantitative colour reactions, 
absorption spectra in 0-1% methyl alcoholic 
HCI, and distribution ratios between 0 5% HCI 


and r»-hutyl alcohol. A saturated solution of the 
natural anthocyamn in 1% methyl alcoholic 
HCI ia incapable of dissolving even traces of the 
synthetic salt, and vice versa} on the other 
hand, the chlorides of malvin, cyanin and meco- 
cyamn dissolve in the mixed natural and 
synthetic delphin solutions. 

Auobanin, the colouring matter of the flowers 
of Commehna communis var, horlensis Making 
is a derivative of delphin. Both the chloride 
and the pi crate crystallise with 5H,0. The 
results of analysis and hydrolysis indicate 
that it is an ester derived from delphin (1 mol) 
and p-coumanc acid (1 mol.) (Chika Kurodi, 
Bull Chem. Soc. Japan, 1936, 11, 265). 

W. B. 

DELPHIN ID IN, first obtained by Will- 
statter and Mieg (Annalen, 1915, 408, 61) by 
hydrolysis of delphinm {q v.), has since been 
recognised as one of the most widely distributed 
anthocyamdms An acylated monoglncoside, 
Gentiamn, occurs in the flowers of Genfiana 
acaulis ; an acylated rhamnoglucoside, Viola ittn, 
is present in the flowers of the violet pansy 
( Viola tricolor L ). View, the colouring 
matter of the scarlet-red vetch ( View L ), is a 
mixture of a monoglucoside and a mono 
rbaronoside of delphimdm. The egg-plant 
( Solarium Mclongena L., var. csculentum Nesa) 
owes its colour to Nasumn, a 3 bioside of 
dclphmidm A dimethyl ether, Jllahtdin, u a 
component of many enthocyatuns amongst 
which are Mahm, Oenm (syn. Ampetopstn, 
Cyclamtn), Pnmulin, and Negrete in. A tn- 
metbyl ether, Hirsutidm, occurs in the digluco- 
side Hirsutin, and Petunxn may be the corre- 
sponding diglucoside of a delphimdm mono- 
methyl ether (Bell and Robinson, J.C.S 1934, 
1604). 

Delphint <fin chloride, Ci 5 H n 0 7 CI, 



may be obtained by hydrolysing any of the 
related glycosides by short boiling with 20% 
HCI, or synthetically as described below. 
Wills tatter and Weil (Annalen, 1916, 412, 178) 
have described four distinct hydrates having 
1 H.0, 1 -5H s O, 2H.O, and 4H,0 respectively, 
whilst Reynolds, Robinson and Scott-Jfoncneff 
(J.C.S. 1934, 1239) have encountered a fifth 
form with 3 5H,0. The monohydrale separates 
from cold 3-5% HCI as thin, sharply-ori* 
deep-violet rhombic tablets. The sesquihydrate 
crystallises from HCI of more than 20% 
concentration. It is readily obtained by adding 
concentrated HCI to a solution of defphinidin 
in water or dilute HCI ; an amorphous pre- 
cipitate is first formed but this soon crystallise* 
The dihydraU ia obtained when the solvent is 
allowed to evaporate slowly from a solution of 
delphinidin in alcohol to which 7-20% MCI 
haa been added ; it forms aggregates of pnsm*tie 
tablets. The telrahydrale separates from solo- 
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tion in 5% HCI in the form of fine red-brown 
prisms and needles. Of the various forms the 
sesqui- and fefra-hydrates are most easily 
prepared. Bobinson’s hydrate was obtained by 
dissolving delphinidin chloride in 0-5% HCI 
and increasing the acid concentration to 10%. 
The chloride is easily soluble in methyl or ethyl 
alcohol and in water to violet solutions ; it 
dissolves with difficulty in dilute sulphuric acid. 
Sodium carbonate added to a solution of the 
chloride gives a pure blue coloration. With 
ferric chloride the alcoholic solution gives a pure 
blue, whilst in aqueous solution the colour is 
violet and less stable. The absorption spectrum 
consists of one fairly well defined band in the 
yellow-green region. The anhydrous chloride 
does not melt below 350°. The sulphate 
separates from hot dilute sulphuric acid in long 
prisms. The picraie forms fine red-brown 
needles and prisms difficultly soluble in water. 
The iodide is of particular interest, since it is 
easily obtained crystalline even when it is 
derived from crude specimens of delphinidin. 
It separates when concentrated H 1 is added to a 
solution of the chloride in dilute HCI and 
crystallises from hot dilute H I in elongated 
rhombic plates which are frequently arranged in 
rosettes. The crystals are deep-red by trans- 
mitted light and exhibit a marked yellow glitter. 
An aqueous solution of the chloride soon deposits 
violet flocks of the colour-base. The pseudo-base, 
CfjHijOg, is formed when a dilute solution 
of the chloride is warmed with a trace of 
sodium dihydrogen phosphate. It has con- 
siderable crystallising power; extracted with 
ether and recrystallised from ether or water it 
forms colourless prisms which become violet 
when heated above 120°. It is easily soluble in 
alcohol, acetone, ethyl acetate or glacial acetic 
acid, but is less soluble in ether and insoluble 
in benzene. It dissolves in aqueous sodium 
carbonate to a yellow solution. Dilute HCI 
regenerates the chloride. 

Delphinidin chloride dyes unmordanted wool 
violet. On tin-mordanted wool the dyeing is 
blue with a violet tinge. Tannined cotton is 
dyed blue- violet. 

An indication of the constitution of delphinidin 
was obtained by Willstatter and Mieg (l.c.), who 
considered that phloroglucinol, pyrogallol, and a 
small amount of gallic acid were the products 
obtained on hydrolysing delphinidin chloride 
with 75% KOH at 250°. Complete proof of 
structure was provided by Pratt and Robinson 
(J.C.S. 1925, 127, 173), who condensed o>-3:4:5- 
tetramethoxyacetophenone with 2-hydroxy-4:6- 
dimethoxybenzaldehyde in ether saturated with 
dry hydrogen chloride, and obtained delphinidin 
chloride hexamethyl ether. Demethylation with 
HI (sp.gr. 1-7) and phenol gave delphinidin 
iodide, from which the chloride, identical in all 
respects with that obtained from natural sources, 
was obtained by warming in alcoholic solution 
with silver chloride. A more convenient method 
of preparing delphinidin consists in condensing 
2-O-benzoylphloroglucinaldehyde with cu-3:4:5- 
tetra-acetoxyacetophenone to benzoyldelphini- 
din chloride, from which delphinidin is obtained 
by successive treatments in an inert atmo- 
sphere with aqueous KOH and HCI (Bradley, 
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Robinson, and Schwarzenbach, J.C.S. 1930, 
793). 

Delphinidin chloride may be distinguished 
from other anthocyanidins in that it is not 
extracted from 1% hydrochloric acid solution 
by the so-called “ delphinidin reagent.” This 
consists of anisole (4 vois.) and ethyl amyl 
ether (1 vol.) containing 5 g. picric acid in 
100 c.c. of the mixed solvents. Aerated dilute 
acid solutions of both delphinidin and petunidin 
are immediately decolorised as the result of 
oxidation when they are mixed with excess of 
10% aqueous sodium hydroxide (R. Robinson). 

W. B. 

DELPHININ, the pigment of the purple 
wild delphinium (Delphinium. Consolida Linn.), 
was isolated by Willstatter and Mieg (Annalen, 
1915, 408, 61). It is an ester of a delphinidin 
diglucoside (1 mol.) and p-hydroxybenzoic acid 
(2 mols.), the acyi residues being attached to 
phenolic hydroxyl groups (Kondo, Helv. Chim. 
Acta, 1928, 11, 919). Delphinin is best isolated 
as the chloride, C 41 H 39 0 21 CI, which appears 
to crystallise with 1 2H 2 0, of which only 1 0H 2 O 
can be removed by drying in high vacuum at 
130°. It forms deep red prismatic tablets or 
prisms, and dried as above sinters at 150-160°, 
then melts at 200-203° with decomposition and 
swelling. Although easily soluble in methyl 
alcohol, it dissolves with difficulty in ethyl 
alcohol, in HCI of more than 0-5% concentra- 
tion and in dilute sulphuric acid. The solution 
in sodium carbonate is blue, and ferric chloride 
added to an aqueous or alcoholic solution 
gives a bluo colour. The salt is optically 
active; [a] c *=-1364°(±150°) ; [a] 611 =-2273° 
(±150°). Its absorption Bpectrum consists of 
one broad band. When the neutral aqueous 
solution is allowed to stand the colour base 
(rosettes of violet needles from aqueous alcohol) 
is formed ; pseudo-base formation is not 
observed even when the chloride is warmed with 
water. The picraie, obtained as a flocculent 
red-brown precipitate, is very difficultly soluble 
in water. 

W. B. 

DELPHININE v. Delphinium Species, 
Alka loids or. 

DELPHINIUM CONSOLIDA. Delphin- 
ium Consolida is a common European plant 
belonging to the larkspur family ; its name 
refers to its powers, real or imaginary, of healing 
or consolidating wounds. The blue flowers were 
examined by Perkin and Wilkinson (J.C.S. 
1902, 81, 585) to determine if these yield the 
same colouring matters as those previously 
isolated from the flowers of the D. zalil (ibid. 
1898, 73, 267). The presence of kaempferol 
only, however, could be detected. Eor its 
isolation an aqueous extract of the flowers was 
digested at the boil with addition of sulphuric 
acid, and the brown resinous product which 
separated on keeping, extracted with alcohol, 
and the extract concentrated. Addition of 
ether to this solution caused the precipitation 
of resinous impurity, and on evaporating the 
ethereal liquid a semi- crystalline residue of the 
crude colouring matter was obtained. The 
product was converted into tho acetyl deriva- 
tive, and this, after purification, retransformed 
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Into colouring matter. The yield wna approxi- 
mately 1%. 

Katmpfad, C, ( H J0 O e , yellow needles, my, 
276-277“ is soluble in alkaline solutions with a 
yellow colour, and forms crystalline osoruuoi 
salts with mineral acids. When fused with 
alkali, it yields phloroglucinol and p hydroxy- 
benzoic acid. 

To kaempferol v. Kostaoecki (Ber. 1901, 34, 
3723) assigned the formula (I), and its synthesis 



was subsequently effected by v. Kostanecki, 
Lampo and Tambor (iftii. 1904, 37, 2096) from 
2 hydroxy-4 6 4'-tnmethoxychalkone (II) by 
the usual method of fiavonol synthesis. The 
kaempferol B.'hi’-tnmetTiyl ether, pale yellow 
needles, m.p. 151-162°, thus obtained yielded 
kaempferol (I) on demetbylation. 



Robinson and Shinoda ( J.C S 1025, 127, 1973) 
synthesised kaempferol by heating ai-methoxy- 
phloracetophenone (III) with anisic anhydride 
and sodium anisate. The product, on 
hydrolysi", yielded kaempferol 3 A' -dimethyl ether, 

E ale yellow platelets, m p. 234°, from which 
aempferol was obtained by demcthylation 
Tetraaeetylkaempferol, when crystallised from 
methyl alcohol, forms colourless needles, and 
when heated commences to melt at 116° and 
becomes completely fluid at 120°. On further! 
beating, however, gradual solidification ensues 
and the product subsequently melts at 181-182°. | 
This peculiarity of acetylkaempf^rol, which is | 
not apparent when the substance is crystallised 1 
from ethyl alcohol, affords a convenient method | 
lor its detection. 

Kaempferol possesses well defined dyeing I 
properties, and gives with mordanted woollen j 
cloth tho following shades which closely resemble j 
those given by norin : 

Chromium Aluminium Tin Iron I 
Brownish- Yellow Lemon- Deep 
yellow yellow olive-brown 

Kaempferol is also present in the Impatient 
Balsamina (Chantih Pass), the Brythrinaetncta 
(vernacular name “ Kon kathet ”) (Perkin and 
Bhulman, Proo. Chem. Soc. 1914, 80, 177), the 
berries of the Rhamnus cat hart icus, and together 


with quercetin, both apparently as glucosldes, 
in the flowers of the Prunus spinosa (Perkin and 
Phipps, J.C.S. 1904, 85, 66). 

Kaempferide (kaempferol 4'-methyl ether) 
exists m galanga root (q.v.). 

The following glucosides of kaempferol are 
known: ftohmut, which occurs in the flowers 
of Rdbxnia Pseudo-Acacia (q.v.); laempfentrin, 
found in the leaves of the Indigofera arrcciu (see 
IndioO, Natural) ; kaempfenn, which has 
been isolated from Cassia anguslifoha, VahL. 
(Tutin, J.C.S. 1913, 103, 2006); multi florin, 
present in fiosa mvlhfiora (Konda et al , J. Pharm. 
Soc. JapaD, 1929, 49, 35, 182) ; and a katmpjtrol 
rhamnoside which exists in the blossoms of 
Acacia discolor, A. hmfoha, A. decurrens (var. 
mollis), and A. longifolia (Petne, Biochem. J. 
1924, 18, 957). 

Willstatter and Mieg (Annalen, 1915, 408, 61) 
isolated from the flowers of D. Consolida the 
anthocyanin, dclphxnm (q.v.). 

A. G. P. and E. J. C 

DELPHINIUM SPECIES, ALKA- 
LOiDS OF. Larkspur, pied d'alouelte, 
dauphin (Fr.), RiUerspom (Gcr.). Fam.Rammcu- 
lacc®. About 12 delphinium Bpeeics are known 
to contain alkaloids, but only the constituents 
of D. Ajacis, D. Consohda, and B. Staphisagna 
have been studied to some extent. Heyl (J C S. 
1903, 84, I, C50) isolated a mixture of bases 
which he called ddphacu.rar\nc from the roots of 
D. btcalor (0 27%), D. Menzxesti (0 35%), D. 
Nelsonu (0-72%), and D. scopulorumvar. slachyd. 
(1 3%). Tho bases wero extracted by 80% alcohol 
containing tartaric acid. The white amorphous 
mature exerted » strong curare like action 
(cf. Lohmann, Pfluger's Archiv. 1902, 92, 398). 
From the mixture, a small fraction of a crystal- 
hne base, C xs H„0 7 N (t), was isolated, rap 
184-185° (from ether and light petroleum), 
soluble in EtOH, Et.O, CHCI,, benzene, 
sparingly soluble in Light petroleum ; it contains 
18 03% OMe, but does not give ciystalhne 
salts or characteristic colour reactions. 

Unfharacterised alkaloids are recorded from 
D. glaucum, D. Qeyeri (Heyl, Ifepner and Loy, 
J. Amer. Cbcm. Soc. 1913, 35, 880), and I) 
Andersonn Gray (Sillier, Amer. Chem, Abstr. 
1923, 17, 3073). According to Keller (Arch. 
Phartn. 1925, 263, 275), D. elutum contains an 
alkaloid, C„H sl NO, (0 35%), melting at 218°, 
tho Oily mother liquor is said to contain two 
more alkaloids, hut no further details have been 
reported. 

D. Ajacis contains alkaloids of a considerably 
smaller molecular weight, from an alcoholic 
extract of the seeds Keller and Vdiker (Arch. 
Pharm. 1913, 251, 207) succeeded in isolating 
two new bases. 

Ajacine, C ls H tl N0,+ H,0, separates from 
dilute EtOH, m.p. 142-143°, soluble ui MeOH, 
EtOH, CHCI,, benzene, Lgroin, acetone, 
sparingly soluble in Et,0 and CH, - CO,Et. 
insoluble in H,0. It is alkaline in reaction, 
yields readily soluble salts, which cry sta ^ fl 
with difficulty (hydrochloride, sulphate). The 
base contains throe OMe groups. 

AJaconin, C„H M NO,. crystallises in prisms, 
ro.p. 162°-163“, is probably a secondary base, 
does not contain methoxyl groups, yield* * 
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crystalline methiodide, m.p. 121°, and an 
amorphous di-benzoate. 

D, consolida : - (common larkspur, Feld- 
ritkrspom, Ger.). Keller (Arch. Pharm. 1910, 
248, 468) isolated three alkaloids from this 
plant (crude hydrochlorides 1%), one being 
crystalline, m.p. 195-197°, soluble in EtOH, 
CHClj, acetone, MeOH, sparingly soluble in 
EtjO and CH 3 'C0 2 Et, insoluble in H„0, 
strongly alkaline. Markwood (Amer. Chem. 
Abstr. 1925, 19, 874) re-investigated D. consolida 
and isolated two crystalline alkaloids, delsoline, 
C 25 H 41 N0 8 , m.p. 207-209°, soluble in EtOH 
and CHClj, and delcosine, C 21 H 33 N0 6 , m.p. 
198-199°, soluble in EtOH and CHCI 3 , spar- 
ingly soluble in Et 2 0, the latter being probably 
identical with Keller’s crystalline base (see above). 

D. Staphisagria : (stavesacre-seeds, Stephans- 
kraut, Lausekraut, Ger.). Eor early literature, 
cf. Walz (Arch. Pharm. 1922, 260, 9). The most 
important alkaloid is delphinine, C 31 H 47 NO e , 
m.p. 187'5-188-5°, [a]™ +18-9°, crystallises 
from Et 2 0 or acetone, soluble in the usual 
organic solvents. The acid oxalate is character- 
istic, it crystallises in needles, m.p. 186° (dried). 
Delphinine is a tertiary base (methiodide, m.p. 
196°) it contains one free hydroxyl, one benzoyl, 
and four methoxylgroups. Delphinine, like 
most of the D.-alkaloids, is apparently structur- 
ally related to aconitine. Keller and Schm&ckel 
(Arch. Pharm. 1925, 263, 276) give a detailed 
account of the extraction of staphisagria-seeds 
(yield 0-16% total alkaloids) from which 0-11% 
crystallised delphinine, small amounts of 
delphisine, a third crystalline base and amor- 
phous bases wero obtained (delphinoidine and 
staphisagroine (?) ). Keller and Schmeckel 
(Arch. Pharm. 1925, 263, 280) further investi- 
gated the constitution of delphinine, but so far no 
definite results have been published. Eor details 
concerning the essential oil of D. Staphisagria, cf. 
Markwood (Amer. Chem. Abstr. 1928, 22, 1215). 

Pharmacological i Action of Delphinium Alka- 
loids.- — Delphinine is intensely poisonous, re- 
sembling aconitine in its action and affecting 
especially the respiration and circulation by 
paralysing the nerves of the respiratory system. 
Lethal dose for dogs per kg. body-weight : 
delphinine, 1-5 mg., delphisine 0-7 mg., and 
delphinoidine 0-5 mg. Eor further details, cf. 
Lohmann (l.c.), Kahn (Pfliiger’s Archiv. 1916, 
164, 428), and Fuhner (Arch. exp. Path. Pharm. 
1911, 66, 187). 

Schl. 

DELPHINOIDINE v. Delphinium 
Species, Alkaloids of. 

DELPHISINE v. Delphinium Species, 
Alkaloids of. 

DELSOLINE v. D elphin ium Species, 
Alkaloids of. 

DELTA ACID, a-naphthylamine-4:8-disul- 
phonic acid, is a valuable intermediate for the 
production of l:8-dihydroxynaphthalene-4-sul- 
phonic acid, of 5-suIpho-8-amino-a-naphthol, 
and of a-naphthol-4:8-disulphonic acid. It 
yields a blue wool dyestuff on fusing with 
sodium sulphide and hydroxide at 210° (G.P. 
283727), but is more extensively used in the 
production of azo-dyestuffs directly (G.P. 
43125) and of tetrakisazo-dyestuffs (F.P. 556489). 


It has also been employed in the preparation of 
light-sensitive paper which is coated with delta 
acid and a diazo-component, the red image being 
developed with alkali. 

DENATURANTS. Various articles 
primarily used for human consumption, such as 
tea, tobacco, and spirits, are, on importation or 
manufacture in this country, subject to heavy 
Customs and Excise duties. When required for 
other purposes, for example, as raw materials in 
various arts or manufactures, they are released 
without payment of duty after having been 
denatured. This “ denaturing ” is accom- 
plished by admixture with other substances 
which, while not impairing their efficiency for the 
purpose for which they are required, render 
them unfit for human consumption or act as 
“ tell-tales ” should they be deposited with the 
Government and “ drawback ” of duty claimed. 

The principles underlying the choice of suitable 
denaturants are mainly as follows : 

(a) They should bo inexpensive so as not to 
add materially to the cost of the denatured 
article. 

(b) Their use should cause the minimum 
amount of inconvenience to the manufacturer 
both in regard to his processes and to the 
necessary official supervision involved. 

(c) The denaturant should not be incompatible 
with the process of manufacture or the sub- 
sequent use t)f the denatured article. 

(d) If added for its nauseating effect it should 
be sufficiently objectionable to deter any would- 
be consumers of the denatured article. 

(e) If added as a tell-tale it should be dis- 
tinguishable easily by tho microscope or other 
means. 

(/) It should have such a relation to the 
original article as to preclude its removal 
from the mixture by any process which could 
profitably be carried out on a commercial scale, 
and it should be capable of being detected even 
if present in very small quantity. 

The over-ruling condition in the use of de- 
naturants is that they shall be approved by the 
Commissioners of Customs and Excise before 
use. 

Spirit. — By reason of the large amount of 
revenue derived from alcoholic spirit and the 
great variety and extent of its commercial 
application this is the most important article 
subject to British official denaturing regulations. 
There are now in Great Britain four standard 
types of denatured alcohol, viz . : 

Industrial Methylated Spirit. 

Industrial Methylated Spirit (pyridinised). 

Mineralised Methylated Spirit. 

Power Methylated Spirit. 

The quantity of methylated spirit manu- 
factured in Great Britain and Northern Ireland 
during the past few years has steadily increased. 
The following table shows the quantity of spirit 
(expressed in proof gallons) received for 
methylation : 


1931-2 . 

. 10,497,268 

1932-3 . 

. 11,221,933 

1933-4 . 

. 12,961,041 

1934-5 . 

. 15,416,568 

1935-6 . 

. 16,303,078 

1936-7 . 

. 20,536,112 
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Industrial methylated spirit, which represents 
about 75% of the above quotation, consists of 
05 parts by volume of alcohol and 5 parts of 
wood naphtha (in all methylating operations 
the Commissioners of Customs and Excise now 
have power to approve the nse of synthetic 
“ wood naphtha ” in place of the wood distilla- 
tion product hitherto used exclusively). Indus- 
trial methylated spirit (pyndmised) has the same 
composition as industrial methylated spirit 
with the addition of 0 5 parts of crude pyridine. 
Mineralised methylated spirit contains 00 parts 
by volume of alcohol, 9 5 parts of wood naphtha, 
and 0 6 of crude pyridine. To every 100 gallons 
of this mixture is added J gallon of mineral 
naphtha (petroleum oil) and not less than & oz 
by weight of powdered methyl violet. Power 
methylated spirit is prepared by mixing 100 
parts by volume of alcohol, not less than 6 parts 
of petrol or benzol, 0 5 parts of crude pyridine, 
and 2 5 parts of wood naphtha. To every 100 
gallons of this mixture oz, of Spirit Red III 
aye must be added. When this preparation is 
mixed with not leas than 26% of petrol, benzol 
or other approved substance, it may be sold free 
of further revenue restriction. The Statutory 
Regulations enable the Commissioners of Cus 
toms and Excise to permit venations from this 
preaenbed formula It might be mentioned that 
mineralised methylated spirit, in quantities not 
exceeding 4 gallons, and the fully denatured 
power methylated spirit can be sold by retail 
With these exceptions a purchaser must have 
an Excise permit to cover the receipt of these 
forms of denatured alcohol. 

The quantity of spint used in the manu 
facture of power methylated spirit is rapidly 


increasing, as shown by the following table: 

Year. 

Proof gallons 

1031-2 

32,103 

1932-3 . 

139,264 

1933-1 . 

604,527 

1934-6 . 

. 1,775,619 

1035-6 

1,656,627 

1936-7 . 

, . 5,127,980 


The general pnneiplea governing the denatura- 
tion of alcohol in the Dominions and foreign 
countries are the same as in Great Britain, 
variation being made to suit local requirements 
(v. Alcohol). 

Tea . — Before being admitted into the United 
Kingdom, tea is examined by the Customs 
authorities under Sect. 30 of the Sale of Food and 
Drugs Act, 1875, and, if found satisfactory, it is 
passed on payment of duty; otherwise it is 
refused admission as tea for human consumption 
It still, however, possesses a certain com- 
mercial value as a raw product for the extraction 
of theme or caffeine. If it ih to bo used for 
this or any other purpose except as a beverage 
the Commissioners of Customs and Excise per- 
mit its removal from bond without payment 
of duty on condition that it is suitably de- 
natured. This is usually accomplished by the 
addition of 100 parts of lime and ono of a*a- 
fcetida to 1,000 parts of tea. Under special 
circnmstanccs the asafeetida may, by per- 
mission of the Commissioners, be replaced by 


naphthalene or the lime may he replaced by an 
additional quantity of asafeetida 
Tobacco is almost entirely imported into this 
country in an unmanufactured condition. The 
process of manufacture results in the accumula- 
tion of considerable quantities of waste material 
(stalks, midrib and broken leaf). On these the 
duty which has been paid is returned as “ draw, 
back ” to the manufacturer on condition 
either that the tobacco offal is surrendered to 
the Government or (if intended for such purposes 
as the manufacture of nicotine, insecticides, 
sheep dips, etc.) that it is denatured according to 
certain prescribed formulas and under tbs 
supervision of revenue officers. Denaturing is 
equally necessary in the case of offal from 
tobacco manufactured in bond (although no 
duty has been paid nor drawback given) in 
order to prevent its fraudulent use as a sub- 
stitute for tobacco on which duty has been 
paid. A standard formula for denaturing 
tobacco to be used in the manufacture of fumi- 
gants for horticultural purposes is : 

Ground tobacco or offal snuff . 92 5 parts 
Ground moss litter . .75,, 

Bone oil . 2 5 „ 

For certain purposes anthracene oil. In the 
proportion of 10 parts, is used as an alternative 
for the bone oil. In these mixtures tbs oil 
acts as a deterrent to the use of the pre- 
paration as a smoking substitute for tobacco 
The moss litter is a “ teli-talo ” to prevent the 
mixture, after removal of the oil and admixture 
with other offal snuff, from being fraudulently 
presented to the Government for drawback. 
Under certain circumstances the Commissioners 
of Customs and Excise are prepared to consider 
applications for permission to use ingredients 
supplementary to those presoribed above. 

Wine which has become unsound and sour 
(owing to the formation of acetic acid), and thus 
unsuitable for use as a beverage, is released from 
Revenue custody without payment of duty, 
with a view to conversion into wine vinegar. 
The denaturant used jn this case is 20% of 
commercial vinegar or an equivalent quantity of 
acetic acid. 

r. G. H. T. 

DENDRITES v. Acute. 
DENSIMETER. Apparatus for defer- 
mining the Bp.gr. of liquids 
DEOXYCARMINIC ACID v. Cocbiwal. 
DEOXYSANTALIN v. BaRwood 
DEPHLEGM ATOR. A device for effecting 
fractional condensation m distillation practice 
thereby separating higher boding constituent* 
from mixed vapours (K. Thorraann, “Destil- 
heren und Rektifizteren," Leipzig, 1928). 
DERBY RED v. Austrian Cinnabar. 
DERICINOEL v. Castor Oil. 
DERMATOL, bismuth subgallate, is em- 
ployed as a drug, as a dusting powder (0 P- 
381292), and in combination with quinine ** 
" Etoscol »■ (Rharm. Ztg 1925, 70, 075). For 
review of manufacture, tee E. A. Mauerebcrger 
{Chem. Weekblad, 1930, 27, 337). The salt » 
recommended as a means of determining g* 1 ' 10 
acid (M. Hirsch, Chem. Ztg. 1927, 61, 718) l*- 
Bismuth, VoL I, p. 700, 
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DERMOGENE. Trade name for an anti- 
septic dusting powder containing 55% of zinc 
peroxide. 

DERMOL. Bismuth chrysophanate, 

Bi(C I5 H 9 0 4 ) 3 Bi 2 0 3 (?) 

a yellow amorphous insoluble powder used in 
the treatment of skin diseases ( v . Bismuth, 
Compounds or, and Chbysarobin). 

DERRIS. Derris root has achieved its 
great importance in Europe and America as an 
insecticide and rival of pyrethrum since about 
1919, prior to which it was known as the source 
of a fish poison obtained from many species and 
used by natives • throughout the tropics. 
Although apparently 40 species are known to 
contain toxic constituents, Derris elliptica, 
D. malaccensis, and a so-called Sumatra type 
are the only ones of economic value. Derris 
root and its extracts (1) are cheaper and more 
potent' than pyrethrum, and different crops are 
more constant and lasting in action ; (2) they 
are simple and convenient to apply ; (3) unlike 
lead and arsenic preparations which they 
replace, they are non-poisonous towards higher 
animals. 

The preparation of active extracts consists in 
extracting with cold or warm water (10 and 16% 
extracts respectively), with 10% aqueous sodium 
bisulphite (such extracts are relatively more 
potent), or best with organic solvents, many 
industrial processes being based on such 
extractions. Thus extracts in alcohol or acetone 
yield stable colloidal solutions on diluting with 
water; the aqueous emulsion may be con- 
centrated and either precipitated with milk of 
lime and the solid filtered and decomposed with 
tartaric acid, or treated with soda and the solid 
salted out. Powders so obtained have been 
applied directly, e.g. to tobacco plants, but are 
more frequently combined with sulphur, soap 
etc., in the preparation of spraying liquids and 
cattle washes (B.P. 214822). Other processes 
merely filter the extract, preferably after 
adding alcohol and concentrating (such a 
product contains 30-32% of rotenone and 
34-35% of other toxic products) (B.P. 247140) 
or coagulate with metal salts before re-emulsify- 
ing with soaps (B.P. 226250) or sulphonated 
oils (B.P. 229773). Methyl alcohol, ether, 
chloroform, carbon tetrachloride and petroleum 
are among other solvents which have been 
suggested for the initial extraction (B.P. 
239483). Still other processes employ a con- 
ventional protective colloid (gum arabic) to 
emulsify in water the toxic principles (H. A. 
Jones and W. M. Davidson, J. Econ. Entomol. 
1931, 244) or their solution in higher alcohols 
(B.P. 285797). 

The extraordinary activity of derris prepara- 
tions is evidenced by the fact that fish are 
destroyed within 90-240 minutes in a 0*001% 
aqueous extract (W. Peyer and H. Hiinerbein, 
Apoth.-Ztg. 1931, 92, 1485). Rotenone, the 
chief toxic constituent, is equivalent at a dilution 
of 1 : 100,000 in water to nicotine at 1 : 10,000 
and to pyrethrin at 1: 74,800 (M. Darley, J. Econ. 
Entomol. 1931, 111). 

The predominating insecticidal constituents 


of derris root are rotenone, deguelin, tephrosin, 
and toxicarol, of relative toxicities 400 : 40 : 10 : 1 
(Davidson ibid. 1930, 868). See Derris Resin. 

DERRIS RESIN. Derris “root” is the . 
dried rhizome of Derris elliptica, D. malaccensis, 
and other speoies. It is indigenous to Malaya 
and the East Indies. The resin is extracted 
from the roots by various organic solvents. 

It has come into considerable use as an insecti- 
cide, and has recently received a great deal of 
attention from investigators. Its principal 
toxic constituent is a crystalline body termed 
rotenone, first isolated by Nagai (J. Tokyo 
Chem. Soc. 1902, 23, 740). The uncrystallisable 
portion of the resin, however, is probably as, or 
nearly as, toxic as the rotenone. Clark heated 
the uncrystallisable portion with alkali and 
isolated bodies to which the names toxicarol, 
deguelin, and tephrosin were given (J. Amer. 
Chem. Soc. 1930, 52, 2461 ; 1931, 53, 313, 759 ; 
1932, 54, 2537). These bodies are probably 
decomposition products of the uncrystallisable 
resin. Haller and La Forge (ibid. 1934, 56, 2415) 
obtained dihydrodeguelin by reduction of a 
fraction of the resin. Cahn and Boam (J.S.C.I. 
1935, 54, 42T) have isolated a new substance 
from what was probably the extract from the root 
of Derris malaccensis, var. sarawakensis. This 
substance is dimorphic and melts at 189°, but 
when crystallised from acetone, melts at 192— 
194°. It has the formula C 23 H 22 0 7 , and is 
isomeric with tephrosin and toxicarol. It is 
phenolic and is toxic, but as it is present in very 
small quantity its presence has little effect on 
the toxicity. Cahn and Boam consider that the 
state of knowledge of the constituents of derris 
resin may be summarised as follows. Rotenone 
and the new body melting at 189° occur free in 
the resin ; di-toxicarol and at any rate part of the 
(//-deguelin do not occur as such. Not more than 
a small amount of the tephrosin occurs as such. 
Deguelin occurs, at least partly, either as the 
/-form or as its simple precursor. The remainder 
of the deguelin and tephrosin occur in some sort 
of combination or as simply related precursors. 
Nothing iB known as to the mode of combination 
of the toxicarol. Cahn and Boam (J.S.C.I. 
1935, 54, 37T) consider that the determination 
of rotenone in derris roots is best effected in 
the following manner, but if the rotenone 
content of the resin is below 17% the results are 
too low. 

The root should be powdered to pass a 50-mesh 
sieve and dried in vacuo before extraction. The 
root is extracted in a Soxhlet tube for 8 hours 
with trichlorethylene. The solvent is changed 
and a second extraction for 4 hours is made. 
If this extraction shows more than a faint 
yellow colour, a third extraction is made. 
The solvent is removed and the resin is dis- 
solved in two parts of warm carbon tetra- 
chloride saturated with rotenone. It is cooled, 
seeded if necessary, and allowed to stand 
overnight. The separated crystals are collected 
in a Gooch crucible, washed with CCI 4 saturated 
with rotenone, and dried below 50° in a current of 
air. The weight of the crystalsx 0-72 gives 
the weight of the rotenone. For fuller details 
the two papers by Cahn and Boam (l.c.) should 
be consulted. 
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Worsley {J.S.C.I. 1930, 55, 349T) publishes a 
very lengthy senes of analyses, and considers 
that the following points constitute improve- 
ments in the method of determining rotenone. 

Ethyl acetate forms a very efficient solvent 
for the extraction of the rotenone. The higher 
the punty of the “ rotenone complex ’’ with 
carbon tetrachloride, the more accurate is the 
determination, and Worsley adds a given weight 
of pure rotenone to the extracted resins so as 
to bring their rotenone value to over 40%. 
The punty of the carbon tetrachlonde com 
plex prepared by Worsley’a method is claimed 
to be, on the average, 94%, which is much 
higher than that prepared by Cahn and Boam. 
There are too many details in the methods for 
full reproduction here, a a that the original 
papers must be consulted for these. 

Tattersfield and Martin (J S C I. 1937, 56, 
77T) have separated an optically active con 
stituent of derns resin which they consider is an 
active precursor of toxicarol. It is uncertain 
whether the compound they obtained is in a 
high state of punty or not. The melting point 
was 99° and the specific rotation in 4% benzene 
solution was —69°. 

A useful account of the experimental work on 
the cultivation of Detrta elliphea, D. malaccensis, 
and D. thyrnfiora, in Perademya, by Lester- 
James Bhould be consulted (Bull Imp. Inst. 
1935,2,199). 

E J. P 

DESALGIN. The propnetary name of a 
preparation containing 0 06% of chloroform m 
olive oil and peptone stated to have been 
employed as an analgesic in cases of gastnc dis 
order (D. Ettinger, Phann. Presse, 1929, 34, 120). 

DESCLOIZITE. A basic lead and zinc 
vanadate, (Pb.ZnJjfOHjVO,, crystallising in 
the orthorhombic Bystem and isomorphous with 
ollvenite (basic copper arsenate). A small 
amount of copper is usually present replacing 
zinc, and when this is present in larger amount 
the mineral grades into cvprodeecloizite, which is 
identical with mollramtle end psitlacmtle 
(F. A. Bannister, Min. Mag 1933, 23, 370). 
The crystals are deep reddish-brown to black in 
colour, and the streak is a paler yellowish- brown. 
It occurs in veins of lead ore m association with 
vanadmite, etc , and ha9 been mined to a 
limited extent in New Mexico and Amona, as 
a sourco of vanadium It also occurs in con- 
siderable quantities in the Sierra de Cordoba m 
Argentina, and at Broken IIUl in Northern 
Rhodesia. More recently it has been found in 
largo amounts at several places in tho Groot- 
fontein district in South-West Africa. 

L. J. S 

DES1CHTOL. Trade name for ichthyol 
which, it is stated, has been deodorised without 
loss of therapeutic activity by treatment with 
steam fPharro. Zeotr. 1898, S9, 90). 

DESOXYCINCHONINE v. Ckcho.va 
AlAiix>ED3 (this vol., p. 158c). 

DESOXYQU1NINE t. Ctkchona 
ALSULOID 9 (this vol , p. 177d). 

DESPYRIN. Trade name for a prepara- 
tion containing 14% of potassium bitartrate 
and 86% of acetylsabcyhc acid (C. Mannich 
and G. Lecmhuis, Apoth -Ztg. 1913, 28, 650). 


RESIN. 

DETERGENTS FROM PETROLEUM. 

The sulphomc acids produced in the refining 
of heavy fractions of petroleum have found 
considerable use as detergents. The sludges 
contain free acid, polymers, asphalts and a 
variety of sulphonates. On addition of water 
the free acid can be recovered and reconcentrated 
whilst the oily matter separates. From this 
the sulphomc acids can be recovered by extrac- 
tion with a number of solvents. Other similar 
material can be obtained by the sulphonatioa 
of paraffin wax and its oxidation products. 

Further halogenated sulphomc acids have 
been proposed. The eulphonio acids thus 
obtained are mixtures of some complexity. 
They each contain at least one sulphonic acid 
group, but the actual chemical structure of the 
hydrocarbon associated with it has not been 
determined. An average formula has been 
suggested of C 20 H 17 SOjH. The sulphonic acid 
group is very firmly attached to the hydro- 
carbon nucleus. A large number of detergent 
substances are now available from this source, 
and in general it is the alkali metal salts that 
have been proposed for this purpose. 

There is a considerable patent list con- 
cerned with petroleum detergents, and reference 
should be made to the very full article in Carleton 
Elba’s “ Chemistry of Petroleum Derivatives." 
1934. 

A. E. D. 

DETTOL. Halogen derivatives of xyleno! 
dissolved in a saponified mixture of aromatio 
oils. It is a non irritant and non-toxic germicide 
(Recfott A Son*, Hull). B.P.C. 1934. 

DEUTERIUM. introduction Deu- 

terium *H or D. A heavier isotope of hydrogen 
having an atomic weight 2-01363±0 00004 
relative to helium 4 00216, and 2 01416 relative 
to oxygen 10 (Uainbndge, Physical Rev. 1933, ' 
44, 67 ; Wilson, Proc. Roy. Soc. 1936, A, 
154, 560). It is present in ordinary electrolytic 
hydrogen to the extent of 1 part in 30,000± 
20% (Bleakney, Physical Rev. 1932, 41, 32 j 
Bleakney and Gould, ibid. 1933, 44, 265 ; m 
also Bradley and Urey, ibid. 1932, 40, 889 ; 
Unsold, Naturwiss. 1932, 20, 936 ; Stem and 
Volmer, Ann. Physik, 1919, 59, 225 ; Tate and 
South, Physical Rev. 1933, 43, 672 j Hardy, 
Barker, and Dennison, ibid. 1932, 42, 279). 

History, — The first indication of the exist- 
ence of heavy hydrogen was given by atomic 
weight values. Aston, using the mass spectre- 
graph, obtained tho value 1-00778±0 00015 
for the mass of the hydrogen atom relative to 
0=16 000. This is in agreement with the value 
H«=l-0078O obtained by chemical methods by 
Scott, Morley, Noyes, and Burt and Edgar. 

After the discovery of tho is O isotope and 
the abundance ratio 18 O : 18 O, Aston's value 
calculated to the chemical standard is H>» 
1-00756, so that the chemical value for ordinary 
hydrogen is higher by about 1 part in 5,000 than 
the true value for hydrogen consisting wholly 
of *H. 

Birge and Menzel (Physical Rev. 1931, 37, 
1669) suggested that this discrepancy was due 
to the presence in ordinary hydrogen of a small 
amount of a heavier isotope *H ; this fact has 
been established by subsequent worker* Urey, 
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Brickwedde and Murphy (Physical Rev. 1932, 
40, 1) set out to concentrate the heavier isotope 
by evaporation of liquid hydrogen and obtained 
a residual liquid the Balmer spectrum of which 
showed clearly a line in the position for an atom 
of mass 2 and an atomic number 1. Washburn 
and Urey (Proc. Nat. Acad. Sci. 1932, 18, 496), 
noted that there was a greater concentration of 
2 H in the water from old electrolytic cells, and 
' it is this discovery which has enabled the present 
extensive study of 2 H and its compounds to be 
made. Summaries of the earlier history of this 
matter are given in the following articles : 
Nature, 1933, 132, 536 ; Rutherford, ibid. 1933, 
132, 955 ; 1934, 133, 481. 

Much discussion had taken place with regard to 
the names to be given to 1 H , 2 H, and possibly 3 H . 
The discoverers suggested protium, deuterium, 
and tritium respectively (Urey, Murphy and 
Brickwedde, J. Chem. Physics, 1933, 1, 512), 
and these names are generally used. Rutherford, 
however, suggested diplogen for 2 H and diplon 
for the nucleus and the symbol D for the new 
iBOtope. Sidgwick supported this view (Proc. 
Roy. Soc. 1934, 144A, 5). It is generally agreed 
that “ hydrogen ” should still be used for the 
mixture of all the isotopes and that the symbol 
for 2 H shall be D (see Urey, Brickwedde, and 
Murphy, Nature, 1934, 133, 173). 

Occurrence. — Every source of water so far 
examined shows the presence of heavy hydrogen, 
but it is difficult to secure an accurate measure- 
ment of the amount present. To reconcile the 
mass spectrograph atomic weight with the 
chemical value, hydrogen should contain about 
1 part of 2 H in 4,500. Spectroscopic estimates 
are much lower, but were suspect owing to the 
marked tendency of H to be adsorbed in the 
discharge tube (Lewis and Spedding, Physical 
Rev. 1933, 43, 964). Later estimates based on 
mass spectrographic measurements which are 
probably more reliable put the normal abundance 
ratio X H : 2 H at about 1 in 5,000 in rainwater 
(Bleakney, Gould, ibid. 1933, 44, 265) ; for the 
method see Bleakney (ibid. 1932, 40, 496 ; 
also Hardy, Barker and Dennison, ibid. 1932, 
42, 279 ; Tate and Smith, ibid. 1933, 43, 672). 

Perhaps the greatest obstacle to obtaining a 
true value of the abundance ratio is due to the 
large mass ratio (2 : 1) of the two hydrogen 
isotopes which, unlike other isotopes, gives rise 
to sufficient differences in physical and chemical 
properties as to facilitate partial separation 
during any process to which ordinary water 
may be subjected, e.g. distillation, electrolysis, 
etc. (see Washburn and Smith, J. Chem. Physics, 
1933, 1, 426; Edwards, Bell and Wolfenden, 
Nature, 1935, 135, 793 ; Rakshit, J. Physical 
Chem. 1935, 39, 303; Dole and Wiener, Science, 
1935, 81, 45; Christiansen, Crabtree and Laby, 
Nature, 1935, 135, 870). 

Hydrogen occurs for the moat part in combina- 
tion with oxygen as water, and precise deter- 
minations of the density of water from various 
sources have disclosed interesting variations. 
Water, prepared by the usual methods for 
conductivity experiments and in addition 
purified by established methods for density 
determinations, varied in density over a range 
of 5-4yd (one-millionth of the ordinary unit is 
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called a gamma of density, (M)00001d=lyd), 
and so is unsuitable as a standard. London 
Thames water was found to be constant in 
density and this value agreed with that of surface 
waters from places so far apart as South Wales, 
Sumatra, and the U.S. A. W aters from the Dead 
Sea (3-0yd) and from a Tibetan lake at 13,500 
ft. (l-5yd) are heavy, presumably owing to 
isotopic concentration by evaporation (Briscoe 
and others, J.C.S. 1934, 1207; 1937, 1492). 

The concentration of heavy water in high 
altitude ice from Alpine glaciers frequently 
showed an increase, m some instances of as 
much as 50 to 100 (Baroni and Fink, Monatsh. 
1935, 65, 386 ; 1936, 67, 193 ; 1937, 71, 128 ; 
see also Eucken and Schafer, Nachr. Ges. Wiss. 
Gottingen, Math. phys. Kl, III, 1935, 1, 137 ; 
Riesenfeld and Chang, Ber. 1936, 69, [B], 1305). 
Variations in the density of rain and snow 
water from various districts have beep observed 
by Harada and Titani, Bull. Chem. Soc. Japan, 
1935, 10, 206, 263 ; Brodski, Skarre, Donzova 
and Slutzkaja, J. Physical Chem. Russ. 1937, 10, 
731. The water obtained by the combustion of 
cellulose and a number of other carbohydrates 
shows an enhanced concentration of deuterium 
(Harada and Titani, Bull. Chem. Soc. Japan, 
1935, 10, 205, 261, 465 ; Dole, J. Amer. Chem. 
Soc. 1936, 58, 580). 

The general conclusion from observations on 
the enrichment of deuterium oxide in waters ob- 
tained from natural sources is that such enrich- 
ment is comparatively small and is attributable 
to the operation of physical processes, e.g. 
preferential evaporation, freezing or diffusion. 

Separation of the Isotopes.— (a) Electro- 
lytic Concentration of Deuterium Oxide. — Tho 
production of large amounts of pure deuterium 
oxide is important from the research worker’s 
point of view, and its possible technical applica- 
tions have still to be explored. The most 
suitable process appears to be tho electrolytic 
enrichment of ordinary water, and much work 
has been done in this direction in a relatively 
short time. Washburn and Urey (Proc. Nat. 
Acad. Sci. 1932, 18, 496) showed that when 
dilute sulphuric acid is electrolysed using 
platinum electrodes a residual water having an 
increase in density of 164yd was obtained 
after 98% of the water was decomposed. 
Further work was done by Lewis and MacDonald 
(J. Chem. Phys. 1933, 1, 288, 341, 481) ; 
Washburn, Smith and Fransden (Bur. Stand. 
J. Res. 1933, 2, 453 ; J. Chem. Phys. 1933, 1, 
288) ; Harkins and Doede (J. Amer. Chem. 
Soc. 1933, 55, 4330) ; Harteck (Proc. Physical 
Soc. 1934, 46, 277 ; Proc. Roy. Soc. 1934, 
144A, 1) ; Newell and Ficklen (J. Amer. Chem. 
Soc. 1933, 55, 2167) ; Anderson, Holford and 
Bates (J. Chem. Phys. 1934, 2, 342). Taylor, 
Eyring and Frost (ibid. 1933, 1, 823), obtained 
82 c.c. of 99% D 2 0 from 610 gallons of electro- 
lytic liquor. This method with slight variations 
is the one generally employed in industry. 
0'527-sodium hydroxide is electrolysed between 
nickel or iron electrodes, the electrolyte being 
kept below 20°C. The process is carried 
out in about seven stages. In the first stage 
electrolysis pioceeds until the volume is reduced 
to about 1/10, when the electrolyte has become 
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concentrated in alkali and the process is 
stopped. About 9/10 of the electrolyte is 
treated with CO t , distilled to dryness and the 
distillate added to the remaining 1/10 of the 
electrolyte, thus regaining approximately the 
original alkali concentration. This process of 
electrolysis and removal of alkali is repeated 
until the water has reached the desired degree of 
heaviness. Taylor, Eyring and Frost’s results 
(l.c.) are given in the following table t 
Water obtained from Density % I 

electrolysis ho. dj“ ahlc 

I 0998 

II 0999 

III 1 001 

1007 
1031 


VI 

VII 


10 
1 KM 


93 

99 


A detailed account of a method using 
sulphuric acid and lead electrodes is described by 
Tronstad and Bran (Z. Elektrochein 1934, 40, 
556). The efficiency of the concentration is 
remarkably insensitive to the conditions of 
electrolysis, and, although the separation factor 
has been the subject of extensive work, nothing 
sufficiently definite to have real significance has 
so far been forthcoming Under apparently 
identical conditions different results have been 
obtained (rf. Tronstad and Bran, l e. , set also 
Collie, Nature, 1934, 132, 568 , Bell and Wolfen. 
den, tiid 1934, 133, 25 , Proc Roy. Soc 

1934, 144A, 22 , J.C S 1936, 280 , Fowler, 
Proc Roy. Soc 1934, 143A, 452 , Erlenmeyer 
and Gartner, Helv. Chim Acta, 1934, 17, 30, 
1226 ; 1035, 18, 419 , Harteck, Proc Roy 
Soc. 1934, 144A, I ; Ohphant, Nature, 1933, 
132, 675 , Butler, Z. Elektrochem 1938, 44, 65 , 
Eueken and Bratzler, Z Fhysikal Chem 1935A, 
174, 273 , Appleby and Ogden, JCS 1936, 
163 ; Brown and Daggett, J Chem Physics, 

1935, 3, 216 ; A. and L. Farkas, i bid 1934, 2, 
468 ; Urey, Science, 1933, 78, 566 , Eyring, 
Proo. Nat. Acad. Sci 1933, 19, 78 ; Eyring and 
others, J. Chem. Physics, 1933, 1, 345 ; J. 
Amer. Chem. Soc. 1933, 55, 6058 , J. Chem 
Physics, 1934, 2, 217 ; Nature, 1934, 133. 
291 ; Wolfen den and others, J.C.S 1938, 286 ; 
1937, 1677 ; Trans. Faraday Soc. 1938, 34, 
436). 

(6) Other Methods of Separation of Deuterium. 
— Deuterium in ordinary hydrogen was first con- 
centrated by utilising the difference in vapour 
pressure of the liquids. Bnckwedde and 
Murphy (Physical Rev. 1932, 39, 164, 864 ; 40, 
464) used this method and found that the 
relative abundance of deuterium in the last 
fraction was increased five or six times com- 
pared with tho original gas. Kcesom, van 
Dijk and Haantjes (J. Proc. Acad. Sci. Amster- 
dam, 1933, 36, 248) used a specially designed 
rectifying column and obtained a sample 
containing I *5% D t . Taylor, Gould and 
Bleakney (Physical Rev. 1933, 43, 496) record a 
small separation of isotopes by fractional 
desorption from charcoal. See also Wash bam 
and Smith (J. Chem. Physics, 1933, 1, 426), 
Lawson (Trans. Faraday Soc. 1936, 32, 473); 
King and Lawson («&id. 1936, 32, 1). 


Hertz using his historio apparatus devised 
for the separation of neon isotopes, prepared 
pure deuterium by a fractional diffusion method 
(Naturwiss, 1933,21, 884 ; see also MacGiUavn-' 
Rec. trav. chim. 1937, 56, 330). See Drrrtisioy’ 
this vol., p, 605). 

The diffusion of deuterium through palladium 
was investigated by A. and L. Farkas (Proc, 
Roy. Soc. 1934, 144A, 467 ; Nature, 1933, 132. 
894) ; tf. Hams, Jost and Pearse (Proc. Nat. 
Acad. Sci 1933, 19, 991). Fractionation by 
diffusion through other metals was examined by 
Fink, Urey and Lake (J. Chem. Physics, 1934,2, 
105) ; Jost and Widmann (Z. phystkal, Chem 
1935, [B], 29, 247) ; Luhr and Hams (Physical 
Rev. 1934, [u], 45, 843); Sie verts and Zapf 
(Z physikal. Chem. 1935, 174, 559). 

The fractional distillation of water has been 
attempted by Washburn and Smith (J. Chem 
Physics, 1933, 1, 426) ; Lewis and Cornish 
(J Amer Chem Soc. 1933, 55, 2616) ; Hall and 
Jones [ibid. 1934, 56, 749) ; Erlenmeyer and 
Gartner (llelv. Chim Acta, 1934, 17, 970, 
1008), Jaulmes (Chim. Ind. 1935, 33, 1045); 
Stedman (Canad. J. Res. 1935, 13B, 114); 
Hall and Jones (J Amer. Chem Soc. 1934, 56, 
749) Chemical methods were tried by Davis 
and Johnston (J Amer Chem. Soc. 1934, 56, 

492) , Highes, Ingold and Wilson (J.C.S. 1934, 

493) 

The rapid conversion of deuterium oxide into 
deuterium by passing D t O vapour over 
magnesium at 480°, giving & 05% yield, u 
described by Knowlton and Rossini (J. Res. 
Nat Bur Stand. 1937, 19, 605). 

Physical Properties of Deuterium.— 
Deuterium and its compounds differ in their 
physical and chemical properties from hydrogen 
and although, for the most part, these differences 
are small they are very definite. 

The table at the head of the next page bw 
been taken from the Z. Elektrochem. 1938, 44,22. 

For other thermal properties, see CIusius sod 
others (Nachr. Ges. Wiss Gdttingen Math phys 
K1 , 1934, [ U ], 1 ; Z. physikal. Chem. 1935, [B], 
258 ; Fhysikal, Z. 1934, 35, 969 ; Natur- 
1, 1934, 22, 526 ; Z. Elektrochem. 1935, 4t, 
487 ; 1938, 44, 21) ; Beutler (Z. Physikal 
Chem. 1934, [B], 27, 287) ; Scott, Bnckwedde, 
Urey and Wahl (J. Chem. Physics, 1934, 2, 
454); Cleave and Maass (Canadian J. Res 
1935, 12, 67, 372) ; Bijl (Nature, 1936, 138, 
723) ; Nothdurft (Ann. Physik. 1937, (v), 28. 
167) ; Megaw and Simon (Nature, 1930, 138, 
244) , Archer (i bid. 138, 286) ; Grew and 
Atkins (Proc. Phys. Soc. 1926, 48, 415) i 
Coppock (Trans. Faraday Soc. 1935, 31, 913). 

The normal potential of deuterium is given W 
44 mv. by Abel and Redlich (Z. Elektrochem- 
1938, 44, 204). The overpotential at a mercuiy 
electrode in ordinary and heavy water has been 
investigated by Heyrovsky (Chem. Listy. 1937, 
31, 440) ; see also Bowden and Kenyon (Nature, 
1935. 135, 105). 

The refractive index, n, for D. at A 6462 1* 

0001378 assuming it for H, to ne 1 OOOI3966 
(Ore, Trans. Faraday Soc. 1936, 32, 1536) 5 
see also Larsen (Z. Physik. 1936, 100, 543). 
Amdur (J. Amer. Chem. Soc. 1935, 57, 688) 
found the viscosity of deuterium to be 1 411 



DEUTERIUM. 


063 



d 2 

HD 

h 2 

Heat of vaporisation at 194-5 mm. Hg 

Heat of sublimation at 0°Ahs 

Heat of fusion 

0-value for C p (Debye) ...... 

0- value for C e (Debye) 

M.p. Abs 

B.p. Abs 

Triple point pressure mm. Hg . . . 

Depression of m.p. curve at triple point . 
Molecular vol. at triple point — liquid . . 

Molecular vol. at triple point — solid . . 

Zero point energy of the crystal 
Compressibility at 4-2° Abs. 

Coefficient of expansion at triple point 

302-3 cal. 

274-0 cal. 

47-0 cal. 

89° 

97° 

18-65° 

23-6° 

128-5 

40-5 kg./cm. 2 
23-14 cm. 3 
20-48 cm. 3 
~2I5 cal. 
(3-3±0-7)10- 4 
0-08 

263 cal. 
i — -228 cal. 

37 cal. 

16-60° 

95 

- — -260 cal. 

219-7 cal. 

183-4 cal. 

28-0 cal. 

91° 

105° 

13-95° 

20-38° 

53-8 

30-3 kg./cm. 2 
26-15 cm 3 
23-31 cm. 3 
~305 cal. 
(5-0±)10- 4 
0-12 


times that of hydrogen. Keyes has calculated 
■q for hydrogen by the method of least squares 
and finds tj= 91-6 c.g.s. units at 30°, therefore 
for D 2 i 7 =V 2 X 91-6= 129-5 c.g.s. units. 

Torrey (Physical Rev. 1935, [ii], 47, 644), using 
Rankine’s method, gets i) D : tjh = 1-410±0-03. 
See also van Cleave and Maass (Canadian J. 
Res. 1935, 13, B, 384). 

Vapour pressure of HD and D 2 was measured 
hy Brickwedde and others (Physical Rev. 1934, 
[ii], 45, 565 ; 1935, [ii], 48, 483) ; Steiner (Z. 
Physik, 1932, 79, 601) ; A. and L. Parkas and 
Harteok (Physikal. Z. 1936, 37, 447); Bartholomd 
and Eucken (Z. Elektrochem, 1936, 42, 547) ; 
the following table is taken from Z. Elektrochem. 
1038, 44, 23. 


V.P. In mm Hg. 

-TV - — 


T” Abs. 

h 2 

D 2 

15 

96-6 

12-6 

16 

155-4 

25-9 

17 

237-7 

49-4 

18 

348-7 

88-2 

19 

493-7 

146-3 

20 

678-3 

221-0 


For the adsorption of hydrogen isotopes on 
carbon, copper, lead, nickel and other surfaces, 
see Barrer (Trans. Faraday Soc. 1936, 32, 481) ; 
Beebe and others (J. Amer. Chem. Soc. 1935, 57, 
2527) ; Maxted and Moon (J.C.S. 1936, 1542) ; 
Magnus and Sartori (Z. physikal. Chem. 1936, 
A, 175, 329) ; Lennard-Jones and others 
(Proc. Roy. Soc. 1935, A, 150, 442 ; 1936, A, 
156, 16) ; Pace and Taylor (J. Chem. Physics, 
1934, 2, 678) ; Klar (Naturniss. 1934, 22, 822; 
Z. physikal. Chem. 1935, 174, 1) ; Kohlschiitter 
{ibid, 1934, 170, 300) ; Melville and Rideal (Proc. 
Roy. Soc. 1935, A, 153, 77, 89) ; Hudson and 
Ogden (Nature, 1938, 142, 476). 

General Reactivity of Deuterium. — 
Deuterium differs from hydrogen in its chemical 
reactivity. These differences are sometimes 
considerable, as is shown by the velocity constant 
data given in Table A on p. 564. See Geib, 
Z. Eiectrochem. 1938, 44, 86, for bibliography 
and fuller details. 

Compounds of Deuterium. — The most 
completely studied compound of deuterium is 
the oxide, D 2 0. Its more important physical 
constants are givpn in Table B on p. 564. 


For the diamagnetism of D 2 0, see Gray and 
Cruickshank (Nature, 1935, 135, 268) ; Specchia 
and Dascola (Nuova Cim. 1935, 12, 606). 

For dissociation constants of deuterium oxide 
and of electrolytes dissolved in it, see Sehwarzen- 
bach (Z. Elektrochem. 1938, 44, 46) ; reaction 
velocity, Reitz {ibid, 1938, 44, 72) ; thermal 
properties and dissolving power, Lange {ibid. 
1938, 44, 31). 

Reactions in Deuterium Oxide — The sub- 
stitution of deuterium oxide for water affects the 
reaction velocity in three principal ways : 

1. In the majority of instances so far investi- 
gated the effect of heavy water has been to reduce 
the rate of reaction in solution by as much as 
20%. The velocity of a reaction depends to a far- 
reaching extent on the solvent used, even when 
this takes no active part in the reaction. That 
there is connection between such physical 
properties as viscosity, dielectric constant, etc., 
of the solvent and its influence on the course of 
a reaction is evident although it has not been 
possible, so far, to decide as to the quantitative 
effect of any particular factor. 

2. The interchange between hydrogen atoms 
of the reactant and deuterium atoms in the 
water is a further cause of change in reaction 
velocity. In aqueous solution this interchange 
is in many instances instantaneous and complete 
[e.g. N Hj-fDoO^-NDj-J-HjO), with the result 
that there is a change in the nature of the 
reacting substances. In other cases interchange 
takes place in varying extents and rates depend- 
ing on the experimental conditions, as is notably 
the case with hydrogen linked to carbon. In 
general the ultimate effect is a slowing down of 
the reaction velocity. 

3. The third effect is produced when deuterium 
oxide itself takes part in the reaction either as 
D z O molecules or in the form of D or OD ions. 
In this instance the reaction is by no means 
always retarded ; for the most part an accelera- 
tion is observed. This is notably the case in 
acid catalysis and frequently with bases. For a 
detailed account of reaction velocities in 
deuterium oxide and bibliography, see Reitz, 
(Z. Elektrochem. 1938, 44, 72). 

Electrolytic dissociation is in general less in 
D 2 0 than in H 2 0. Typical values are given in 
Table B, p. 564, but for theoretical treatment 
of the results obtained together with references 
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Beactlons compared 


Difference In kg cal. 


Active 

energy, 

Zero point 
energy, 
Et-ls-S. 

0 

0 

0 52 

18 

~0 75 

36 

1-5 

56 

06 

43 

06 

1-2 

0 35 

12 

06 

08 

1-2 

18 

1-5 

18 

0 75 

18 

06 

2 003 

0 05 

1-8 


CjH 4 -f D f • 


630-710 

If 183 1 

|1 (wall reaction) Tj 
260-400 
420-620 


30 

0 and 30 
275-380 
425-500 
430 

530-570 


1*85 (mean) 


3 2-2 
1-04 


33 

13-4 and 0-75 
C-5-4-4 
2 45-21 

1- 53 

2- 5 


H f O 


Cryatallino structure . 


Density, d” 

Relative molecular vols. at 20" 


M.p. 

Bp. 


Temperature of max. density . 
Heat of sublimation (triple point) 

Heat of fusion 

Dielectric const. 0°C. 

Mol. magnetio susceptibility 20” 
Surface tension 12°C. . . . 

Viscosity 25 e C. 

Refractive index, ... . 


0=4-525 a 

e=7-39 

0-99705 

1;0037 

0°C. 

lOCfC. 

4°C. 

12170 cal./mal. 
1435 csL/moI. 
81-5 

12 96X10® 

73-7 dyne s/cm. 

0- 891 centipoises 

1- 33300 


0=4-605 A 
e=7-36 

I- 1048 
I 

3 8°C. 

101-42°C. 

II- 6°0. 

12631 cal /mol. 
1523 cal /mol 
80-7 

12 97x10* 

73 8 dynes/cm. 

1 0932 ceutipoiacsl 
1-32844 


Ionic mobilities, T=18°C. 
Solvent 97% DjO .... 
Solvent H.O .... 
Solubility 25°C. g /100 g. solvent 

Solvent D,0 

Solvent H.O .... 
Electrolytio dissociation 

o.o Ko.o-o-iexio- 1 * . 
HDO [D'*']= : *0-Illx lO" 7 . 


D+ 213-7 
H + 315 2 


NaCl 305 
NaCI 359 


K+ 64 5 
K + 64 2 


(20 8 C.) 

(20°C.) 


KH»O=l-6xl0~ u 

[ H +]= 0-564 xlO“ 7 
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to the literature, see Schwarzenbach (Z. Elek- 
troehem. 1938, 44, 46). 

Pisa ocn. Const. In H a O 
Pissocn. Const, in D.O 
Substance. at 20° C. 

HSO 4 2 

H-COOH 2-50 

CH 3 -COOH 2-87 

Hydroquinone .... 3-36 

Salts having water of crystallisation can have 
one or more of the molecules of water replaced by 
a corresponding number of molecules of D 2 0. 
Research. on the deuterates of CuS0 4 has been 
carried out by Partington and Stratton (Nature, 
1936, 137, 1075) ; Mules and Menzies (J. Amer. 
Chem. Soo. 1938, 60, 87), and by PerpSrot and 
Schacherl (J. Phys. Radium, 1935, 6, 439). 
Taylor (J. Amer.- Chem. Soc. 1934, 46, 2634) 
found the transition temperature of 

Na 2 SO 4 ,10D 2 O to be 34-48°±0-02° as against 
32-38°±0-001° for the corresponding hydrate. 
Bell (J.C.S. 1937, 459) measured the dissocia- 
tion pressure of a number of deuterates, e.g. 
CuS 04 , 5 D 2 0 ; SrCI 2 ,6D 2 O f etc. Godchot, 
Cauquil and Calas (Compt. rend. 1936, 292, 759) 
obtained the deuterates of krypton and xenon 
with 6D 2 0. 

Other Inorganic Compounds of Deu- 
terium. — These can for the most part be 
prepared by several general methods slightly 
modified to suit individual cases. 

1. Acids, by action of D z O on the acid an- 
hydride, e.g. D 2 S0 4 (Ingold and others, J.C.S. 
1936, 916). 

2. Non-Metallic Deuterides, from the elements 
with or without a suitable catalyst, e.g. DBr 
or by the action of D z O on a suitable salt, e.g. 
D 2 S from A1 2 S 3 +D 2 0 ; ND a from Mg 3 N 2 + 
D ? 0. 

3. Interchange reaction with or without a 
suitable catalyst (v. infra). 

4. Action of D 2 0 on the metal yields deuter- 
oxides in the case of some metals, e.g. NaOD. 

Eor a detailed account of inorganic deuterium 
compounds and a bibliography, see Erlenmeyer 
(Z. Elektrochem. 1938, 44, 8). 

Some typical differences in the physical 
properties of corresponding deuterium and 
hydrogen compounds are shown in the following 
table : 


latent heat 


Com- 

M.p. 

B.p. 

of evapn. 

Critical 

pound. 

absolute 

absolute 

cal./mol. 

temp. 

HCI 

162-2 

188-1 

4081 

51-0 

DCI 

158-2 

191-6 

4151 - 

50-3 

HBr 

186-2 

206-3 

4257 

89-9 

DBr 

185-7 

206-3 

4258 

88-8 

HI 

222-3 

237-5 

4724? 

150-7 

Dl 

221-5 

237-0 

4713? 

148-6 

nh 3 

195-3 

239-8 

5797 

132-5 

DH 3 

199-6 

242-1 

5990 

132-3 

HCN 

259 

298-5 

6600 



DCN 

261 

299-1 

6500 

— 


Organic Compounds of Deuterium. — The 
preparation of organic compounds of deuterium 
may be carried out by a large variety of pre- 


parative methods, many of which are exactly 
parallel to the general methods of preparation 
of the corresponding hydrogen derivatives. 

Examples of these are : 

1. Treatment of carbides with D 2 0. 

2. Catalytic deuterisation. 

3. Grignard reactions. 

4. Addition of D 2 under suitable conditions. 

5. Exobange reactions. 

The following are examples illustrative of some 
of these methods : 

Telradevleromethane, CD 4 , is prepared by the 
reaction of D a O with aluminium carbide (Urey 
and Prioe, J. Chem. Physics, 1934, 2, 300). 

Mono deutero-tetramethylmethane, 

(CH 3 ) 3 C-CH 2 D, 

was prepared from D z O and the Grignard 
compound of l-chlor-2:2-dimethylpropane, 
(Whitemore, Fleming, Rank, Bordner and 
Larsen, J. Amer. Chem. Soc. 1934, 56, 749, 
934). For a comprehensive bibliography up to 
January, 1938, see Erlenmeyer (Z. Elektrochem. 
1938, 44, 9). 

Differences in melting-point and boiling-point 
of corresponding deutero- and hydrogen organic 
compounds are shown in the following table : 

B.p. 

°C. 

80-1 
79-4 


20-2 (760) 
20-5 (756) 
124 (760) 
124 (753) 


Interchange Reactions — These may be 
divided into two classes, homogeneous and 
heterogeneous. 

Homogeneous Reactions. — A number of sub- 
stances containing hydrogen exchange one or 
more of their hydrogen atoms for deuterium 
when dissolved in D s O. Certain of these are 
obviously ionic reactions and, as Buch, ocour very 
rapidly, e.g. on dissolving sodium hydroxide 
in deuterium oxide interchange occurs instan- 
taneously according to the equation : 

NaOH+D 2 O^NaOD+HDO 

This exchange can be followed quantitatively by 
recovering the diluted D a O subsequently and 
determining its density. In a mixture of H 2 0 
and D 2 0 the available deuterium distributes 
itself between solvent and solute in proportion 
to the molecular quantities of each present. 
For the most part the exchange reactions of 
deuterium occur very rapidly, in other cases the 


Substance. 


C.D. 


C 10 D 8 

ch 3 -cho 

cd 3 -cdo 

(CH 3 -CHO) 3 

(CD 3 -CDO) 3 


ch 4 

CD, 


M.p. 

°c. 

5- 5 

6 - 8 

80-2 

77-5 

-123-5 

-121-7 

10-5 

13-7 

16-6 

15-4 

17-2 

15-9 

-90-6 

-89-2 
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exchange takes place with measurable Telocity, 
and an analysis of the kinetics of Buch reactions 
shows that the ionic reaction of hydrogen inter- 
change itself must be preceded by eorae inter- 
mediate reaction the velocity of which deter- 
mines the rate of the whole reaction. Amongst 
slow inorganic interchange reactions the exchange 
of hydrogen in complex salts should be noted. 
Hexamminecobaltic chloride, Iot instance, inter 
changes its hydrogen for denterium and it has 
been found that the reaction velocity is inversely 
proportional to the hydrogen ion concentration. 
This discovery is of importance in studying the 
theory of complex salts (see Erlenmeyer and 
GSrtner, Hclv. Chim. Acta, 1034, 17, 1008 ; 
Bankowakj, Slonatah. 1935, 65, 260 , James, 
Anderson and Briscoe, Nature, 1937, 139, 109 ; 
Anderson, Spoor and Briscoe, ibid 1937, 139, 
608 ; Garrick, tiirf. 1937, 139, 607). 

Bonhoeffer and Brown (Z. phystkal Chero. 
1933, B, 23, 172) were the first to discover the 
interchange phenomenon. They found that 
NH 4 CI dissolved in DjO exchanged all its 
hydrogen atoms, and this reaction has been 
utilised, to obtain water free from deuterium 
It has been found that hydrogen which is linked 
to oxygen, nitrogen, sulphur or halogen readily 
interchanges with deuterium. Since then it has 
been determined that many other substances, 
t g. glycol, hydrogen peroxide, acetoacetic ester, 
phenols, etc, exchange one or more hydrogen 
atoms more or less readily according to the 
conditions of experiment. For bibliography, see 
Ingold and Wilson (Z Elektroehem, 1938, 44, 
70). 

A limited number of interchange reactions 
occur with deuterium atoms in the gaseous 
phase. The source of such atoms may bo the 
electric discharge, photochemical excitation by 
means of mercury resonance radiation, or ther- 
mal dissociation of heavy water molecules with 
formation of atomic deuterium (Geib and 
Steaeie, Z. physikal. Chem. 1935, B, 29, 216 ; 
Steacie and Phillips, J. Chem Physics, 1936, 4, 
461 ; Trenner, Taylor and others, ibid. 1937, 
B, 6, 28, 203, 212 ; Farkas and others. Nature, 

1933, 132, 892 ; J.C.S. 1936, 26 ; Proc. Roy. 
Soc. 1930, 157, A, 625). 

Heterogeneous Interchange. — Interchange of 
hydrogen isotopes between simple molecules is 
catalysed by the common hydrogenation 
catalysts each as platinum, palladium, nickel, 
iron, etc. (Farkas, and Farkas and others, Trans 
Faraday Soc. 1935, SI, B21 ; 1936, 32, 416, 922 ; 
J. Amer. Chem. Soc. 1938, 60, 22 ; Taylor and 
others, ibid. 1935, 57, 680, 1256 , 1936, 58, 
1445 ; 1938, 60, 362 ; Hirota and Hormti, Sci. 
Papers Inst. Phya. Chem. Res. Tokyo, 1036, 
SO, 151 ; Horiuti and Polanyi, Trans Faraday 
Soc. 2934, 80, 1164 ; see also Ingold and 
Wilson, Z. Elektroehem. 1938, 44, 62) 
Biological Applications — The use of 
denterium as an indicator in the study of inter- 
mediary metabolism has produced much useful 
information, von Heresy and Hofet (Nature, 

1934, 134, 879) used deuterium oxide to follow 
the elimination of water from the human body. 
Erlenmeyer and Gartner (ibid. 2006) examined its 
distribution in rata. Breusch and Hofet (Berlin, 
klin. Woch. 1934, 13, 1815) found that no 


fractionation of H,0 and D a O in the organism 
could be detected in normal cases. Woglom and 
Weber (J. Amer. Chem. Soc. 1934, 104, 1283} 
showed that D t O has no effect on mouse gar- 
coma. Deuterium has been used as an indicator 
in fat and other metabolism (Cavanagh and 
Raper, Nature, 1936,137, 233 ; Rittenberg and 
others, J. Biol. Chem. 1936, 114, 381 ; 115, 635- 
1937, 117, 485). 

The incorporation of deuterium in the bring 
organism is the subject of a research by Bon. 
hoeffer and others (Z. physikal. Chem. 1936, 175 
459 ; 170. 202 j 1937, 180, 185). 

The effect of exchange of deuterium for 
hydrogen in experiments involving enzymes 
and moulds is to produce a greater or leu 
reduction in activity. Pollen germinates more 
alowly in 0*0 than in ordinary water (Plantefol 
and Champetier, Compt. rend. 1935, 200, 423) 
Yeast is less active in presence of deuterium 
oxide (Taylor and Harvey, Proc. Soc. Exp. Biol. 
Med. 1934, 31, 954 ; cp. Hughes, Yndkin, Kemp 
and Rideal, J.C.S. 1934, 1105 ; Steaeie, Z. 
physikal. Chem. 1934, B, 27, 8 ; Bonhoeffer and 
Salzer, Naturwiss. 1935, 23, 867 ; Shoup and 
Meyer, J Tennessee Acad. Sci. 1935, 10, 127 j 
Salzer and Bonhoeffer, Z. physikal Chem. 1036. 
175, 304 ; von Dungem, Z. Biol. 1936, 07, 
187). 

A summary of researches in physiological 
chemistry using deuterium compounds la given 
by Bonhoeffer (Z. Elektroehem. 1938, 44, 87) 
and Theia (Woch. Br&u. 1938, 55, 36). 

Spectroscopic Data. — The wave-lengths of 
chief lmcs in the Balmer series of deuterium are 
given below, the bracketed data being values 
for the corresponding H a , Hfl. Hy, and Hi lines 
D a 6561 00 (6562 793) ; Dfl, 4860 00 (4801-320) ; 
Dy, 4339 282 (4340 467)7 and Dj 4100619 
(4101 738). The differences between deuterium 
and hydrogen in the Balmer scries are in agree- 
ment with the calculations of the isotope effect 
based on the Rydberg formula. 

The molecular spectra of HD and D* have been 
studied and the differences between these 
molecules and hydrogen accord with calculations 
based on the theory of the isotope effect. The 
spectra of the numerous other diatomic molecules 
have also been examined fe q. LID.. NaD,. AgD, 
CaO, AID, etc.). Fordata, see “ Tables Annuelles 
do Coostantes et Dowries Nunririques. I 
Deuterium et Composes de Deuterium,” by 
G. Champetier (Hermann & Cie, Pans), 1937. 

The general effect of substitution of deuterium 
for hydrogen is to change the features of the 
spectrum dependent on the moment of inertia of 
the molecule The interatomic distance is not 
altered by substitution of D for H. The change 
in the moment of inertia may have profound 
effect on the general appearance of the spectrum 
Thus the ultra-violet absorption spectra of the 
molecules ND a and NH^ or of CHj'NDj sou 
CH t -NH* are quite distinct, as are the infra* 
red spectra of molecules such as DCI and HCl 
or DjO and H.O. These distinctions have also 
been observed in the Raman spectra of a large 
number of substances, C.H.D and C,H, ot 
CHj-COOD, CHj-COjH and CD, CO,D. 
For comprehensive data, see ChampciieT, op cil.) 
The table below illustrates typical changes in 
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the fundamental 

frequencies of molecules 

brought about by substitution of D for H. 


Fundamental 

Molecule. 

frequencies, cm. -1 

h 2 s . 

. . . . 2578 

D 2 S . 

. . . . 1875 

H 3 As. 

. . . . 2094 


990 


910 

D 3 As . 

. . . . 1508 


730 


630 


In the case of more complex molecules (e.g. 
with C 6 H 6 or CHyCOO H) partial sub- 
stitution of hydrogen by deuterium has been used 
as a means of assigning observed vibrational 
frequencies to the appropriate molecular 
vibration. 

Estimation of Deuterium. — A number of 
methods are in use for the estimation of D, 
some of which can be applied only to water and 
others only to gaseous hydrogen. 

Spectroscopic and Mass SpectrographicMelhods. 
— These methods are qualitative as well as 
quantitative. The first quantitative estimation 
of deuterium was carried out spectroscopically 
by Urey, Brickwedde and Murphy (Physical 
Rev. 1932, 39, 164, 864). The method was 
based on the different wave-lengths of the 
corresponding lines in the atomic spectra of the 
hydrogen isotopes and was carried out by 
comparison of the intensities of the p and y 
lines of the Balmer spectrum. Bleakney (ibid. 
1932, 40, 496 ; 41, 32 ; 1933, 44, 265 ; 1934, 45, 
281, 655) devised a very accurate method using 
the mass spectrograph and which required only 
small quantities of gas. 

A thermo-conductivity-micro method was 
employed by Parkas for which 2-3 cu. mm. 
of gas were required. The D content, however, 
must not be less than 1%. It has an accuracy 
of ±0-1% (see Parkas, Proc. Roy. Soc. 1934, 
144, A, 467; Trans. Faraday Soc. 1936, 32, 413; 
Farkas, Farkas and Rideal, Nature, 1936, 137, 
315 ; see also Harteck, Z. Elektrochem. 1938, 
44, 3). 

The most widely used method of estimating 
deuterium is that depending on the direct 
determination of the density of water containing 
deuterium either by the pyknometer or by means 
of the float, each of which is capable of an 
accuracy of 1 in 10~ 6 . This method is applicable 
to the determination of'D 2 in all compounds 
which can be oxidised to give water. For details 
of the pyknometric method, see Washburn and 
others (J. Res. Bur. Stand. 1933, 11, 453 ; 
1934, 12, 305). For the float method, see Lewis 
and MacDonald (J. Chem. Phys. 1933, 1, 341) ; 
Emeleus, James, King, Pearson, Purcell and 
Briscoe (J.C.S.1934, 1207 ; 1935, 1545). 

Bibliography. — A. Farkas, “ Orthohydrogen, 
Parahydrogen, and Heavy Hydrogen,” Univer- 
sity Press, Cambridge, 1935 ; G. Champetier, 
“ Tables Annuelles de Conatantes et Donnees 
Numeriques. I. Deuterium et Composes de 
Deuterium,” Paris, 1937. 

M. C. 

DEVARDA’S ALLOY. A brittle alloy 
containing 45% of aluminium, 50% of copper, and 


5% of zinc. Devarda’s alloy reduces nitrates to 
ammonia quantitatively in alkaline solution, the 
ammonia being then distilled into standard acid 
solution (Devarda, Chem.-Ztg. 1892, 16, 1952 ; 
Z. anal. Chem. 1894, 33, 113 ; Bnsvold, Chem.- 
Ztg. 1914, 38, 799) (v. Chemical Analysis, 
Vol. II, pp. 598, 664). 

DEXTRAN, C 6 H 10 O 5 , or viscose, is a gum 
which occurs in the unripe sugar beet (Scheibler, 
Wag. J. 1875, 790). It is formed in the lactic 
fermentation of cane sugar by the action of 
i Streptococcus (Leuconostoc) mesenteroides, (van 
Tieghem, Jahresber. Agric. Chem. 1879, 544 ; 
Bfichamp, Compt. rend. 1881, 93, 78; Briining, 
Annalen, 1857, 104, 197). S. hornensis isolated 
from curdled milk, some water r samples and 
flowers also converts media containing up to 
20% sucrose into dextran (Boekhout, Centr. 
Bakt. 1900, [ii], 6, 161). 

An animal dextran, C 6 H 10 O 5 , is found in the 
galls' produced on elms by the louse (Schizoneura 
lanuginosa) (Liebermann, Pfliiger’s Archiv. 40, 
454). 

DEXTRINS, n(C 6 H 10 O 6 ). When diastase 
acts on starch paste, maltose is the principal 
product, but various dextrins are also formed, 
their nature depending on the nature of the 
enzyme and the conditions of action. The 
precise nature of these products of the degrada- 
tion of starch still remains obscure and it is not 
easy to make a satisfactory review of the subject 
at the present time. Recent work, however, 
points strongly in the direction of the dextrins 
being side products or by-products of the action 
of enzymes on starch rather than, as previously 
believed, intermediate products formed on the 
way to maltose. The dextrins differ according 
to the conditions (p B , temperature, concentra- 
tion) and the nature of the enzyme used. Some 
(like a-amylodextrin) appear to be fragments 
of the original starch molecule left unattacked 
by the enzyme preparation. Others appear to 
be formed owing to reversion or retrogradation 
occurring (stable dextrins). 

According to their behaviour towards iodine 
they have been classed into d 

Amylodextrins, giving a blue colour and 
soluble in 25% alcohol. 

Erythrodextrins, giving a reddish-brown 
colour and soluble in 55% alcohol. 

Achroo dextrins, showing no colour and soluble 
in 70% alcohol. 

In the following a summary is given of the 
more definite dextrins which have significance in 
regard to the structure of starch and the mode 
of action of the two amylases (the a- and /?- 
amylases of recent workers). 

Unfortunately Syniewski, whose work per- 
haps forms one of the best contributions to the 
subject, has used a different and special nomen- 
clature. Especially interesting in Syniowski’s 
work is the proof that ungerminated barley is 
actually richer in diastase (his a-diastase) than 
the malt made from it. This diastase, however, 
is present in a form which is insoluble in water 
and is only brought out by digestion with a 

1 An account of starch-iodine coloration as an index 
of differential degradation by the amylases has been 
given by C. S. Hanes and M. Cattle. Proc. Roy. 
Soc. 1938, B, 125, 387-114. 
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proteases — papayotin ; during germination the 
barley amylase is apparently released and partly 
converted into the second amylase (his (J-dias- 
tase). He shows how the two diastases augment 
each otbera’ activity, and works out a quantita- 
tive method for measuring this effect. 

The deitnns are characterised physically by 
their optica! rotation and cupric reducing 
power. 

The early work of Brown, 0’Sulh.van, etc , 
gave the reducing values (K) in terms of glucose 
taken as 100. Later values were expressed m 
terms of maltose as 100 by the symbol R, or 
preferably R*. 

In Germany and the USA, the Wem method 
and tables (" Tabellen zur quantitativen Bestim- 
mung der Zuckerarten," 1888) are still used in 
estimating maltose in spite of the fact that 
British workers since 1607 have shown them to 
be incorrect to the extent of being 5% low for 
anhydrous maltose (Brown et al., J.CS. 1897, 
71, 103-106 j Ling and Baker, tbid 600) 

Symewski since 1925 baa used corrected Wein 
values. 

1. The so called Amylodextrins (producing 

A PURE BLUE COLOUR WITH IODIDE) (NON- 
SEDUCIKO) 


It is converted by malt extract previously heated 
at 76°C. into 67 3% maltose and the reducing 
Limit-dextrin I ([a] D *=180°). 

The o-amylodextnn of Baker or non-reducing 
Limit-dextrin I of Symewski would be the n- 
starch of Van Klinkenberg (Erg. EnzyrnfonjcL 
1934, 3, 71) left unattacked by his ft diastase. 

The above substances must be distinguished 
from Nageli'e amylodextrin (1874), which is 
obtained by the very •prolonged action of acids on 
potato starch at the ordinary temperature 
This, according to Brown and Morns (JCS. 
1889. 55, 449) is easily soluble in hot water, 
dissolves in cold water to form a 1’75% solution, 
and produces an intense-red coloration with 
iodine. It bad [q]i ss»=206 3°, Kj 85=9 07, 
and was completely converted into maltose by 
malt extract in 20 minutes, at temperatures up 
to 60°C This dextrin was a strongly reducing 
substance. 

Lintner and Pull's “ amylodextrin " (Her. 
IS93, 26, 2533) or 11 amorphous soluble starch " 
had (o]j,=196 0 and was non reducing and 
apparently the same as Baker’s and Syniewski'g 
material. 

II. Reducino Dextrins — “ Limit dex- 

TRINS ” (GRENZ DEXTRIN). 


A. — The so-called " amylodextrin ” or 
solubilised starch (Symewski, Annalen, 1902, 
324, 212; 1925, 441, 277), is made from potato 
starch by beating with water in an autoclave 
(12 hours at 140°C.) until it is completely soluble. 

It has the composition and 

was regarded by Symewski as 12 maltose radicals 
combined with a dextrin-ring complex. 

B — a-Amylodextrin, (a] 0 190-195°, R H = 

0 56-2 (J. L. Baker, JCS 1902, 81, 1177), is 
prepared by the action of precipitated diastase 
from barley extract (j e. the a-amylase of 
Symewski, Biocbem. Z 1925, 158, 87) on Lint- 
nor's soluble starch, or on starch paste, pre 
fernbly at 60° C. (The action on starch paste is 
slower than that on soluble starch ) It is 
sparingly soluble m cold water, readdy in hot 
water. Solutions give a pure blue colour with 
iodino. It is converted by precipitated malt 
diastase after 18 hours’ action into maltose, , 
achroodexinn, and a considerable amount of 


C. Non-reducing Llmit-dextrln I (Grenz- 
dextrin 1), la)™-)- 194 92°, R -0 97 (Symewski, 
Annalen, 1925, 441, 285; he was unaware of 
J. L. Baker’s work). Prepared by the action of 
barley extract (i e. the a amylase of Symewski, 
Biocbem. Z. 1925, 158, 87) on his amylodextrin 
solutions (5 7%) at ordinary temperature 
75 minutes ; action then became very slow. 

The slight reducing power is regarded as due 
to decomposition of the dextrin by hot Fehhng’e 
solution. 

It gives a pure blue colour with iodine solution 
Analysis indicated : 

C„H m O„ or 

It polymerises in cold aqueous solution to . 
3(C n H. |s 0 4J ), and the molecular weight 
by the FJ 1 . method gives 6,002 (Theory 5,997). 


P —Li mil-dextrin), (0^+179 6°,R M =V7 65 
(Wein) 1 and 16 2° (Wem) (Symewski, Annalen, 
1899, 309, 282; 1902, 324, 212), is prepared 
by the action of fresb malt extract on starch 
paste at ordinary temperatures, and also on 
solutions of araylodextrms. 

Analysis indicates . 

C7*Hm062“12(C < H ia 0 4 ),2H s 0 

Mol. wt. found = 1,897 (F.P.). (Theory =1,980 ) 

When treated with malt extract for a very 
long period (three weeks in 6% solution) it 
gave “ ijomaltose," which was extremely 
hygroscopic, (o]^ + 141-4°, R tt =84 5 (Wem), 
osazone, m p. 152 6°. 

Symewski terms this f somaltoae “ dex trinose. ' 

E.— Llmit-dextrln I l,W D +179 6°. R*«30 0 
(Wein) (Symewski, Annalen, 1902, 324, 2J2), 
is made by the action of malt extract 
previously heated for 15 minutes at 76-TPC 
(this would be by the action of the ft diaataso of 
Syniewski, the a diastase of others) on solubilised 
starch, until the iodine colour just disappears 
Analysis indicated : 

Mol, wt. found— 1,039. (Theory=990) 

It dissolves fairly readily m hot 80% alcohol, 
sparingly in 90% alcohol, and is converted slowly 
by unheated fresh malt extract (45°C., 48 hours) 
though nearly quantitatively to maltoso (99 0% 
Wem*=101% corrected). 

Thi3 is identical with the following dextrins of 
other workers : 

Ej — Maltodextrln, 103-1°, Kim 

-2H (Brown and Morns, J.C.S. 1885, 47, 527), 

1 In his early papers, Svnlcwskl .used the Vein 
method for determining maltose, which gives remu* 
•bout 5% low. The values given maffcea t ‘•7“' 
•re his values Io later papers he nude eorrectjoo 
for the Wein error. 
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made by the action of freshly prepared diastase 
from green malt on starch paste at 60-65°C. 
(This would be the action of the /3-diastase of 
Syniewski, the action being carried to [a]j 3 . 85 = 
198°.) 

Brown and Millar (ibid. 1899, 75, 286) give the 
equivalent [a]j)=180 o , Rh=34-5. 

It was regarded as Ci 2 H 22 O n < (C 12 H 

20^10)2 

and was said to be completely convertible by 
fresh diastase into maltose. 

E 2 .— Maltodextrin-a, [a] D 180°, R M =32-8 
(Ling and Baker, ibid. 1897, 71, 508), was made 
by the action of precipitated malt diastase on 
starch paste at 70°C., and had the formula 
C a0 H 62 O 31 , mol, wt. found 990. 

It is sparingly soluble in 80% alcohol, and is 
said to be incompletely converted to maltose by 
precipitated malt diastase. (After 48 hours at 
room temperature the conversion had [a]n 3 93= 
141-3°, R 3 -93=90-8.) 

E 3 . — Achroodextrin II, [a] D 183°, R M = 
26-6-26-8 (Lintner and Dull, Z. ges. Brauw. 
1894, 17, 339), was separated from starch 
conversions. Thoy regard Brown and Morris’s 
maltodextrin as a mixture of achroodextrin II 
and “ tsomaltose.” 

III. Simpler Dextrins. 

F.— y-Maltodextrin, [a] D 172-28° (8-5% 

solution), Rm= 42-7 (Wein) (Syniewski, Annalen, 
1902, -324, 212), made by fresh malt extract 
acting on Limit-dextrin II for one hour until the 
product shows 60% apparent maltose and then 
fractionated. It is easily soluble in 80% alcohol, 
sparingly in 90% alcohol. Analysis indicated 
C 24 H 12 O 21 =4(C 0 H 10 O g )H 2 O. Mol. wt. found 
=595 (theory 666). It is said to give maltose and 
some “ fsomaltoso ” when saccharified by fresh 
malt extract at 45°C. 

It is identical with tho following : 

Fj. — Maltodextrin-/?, [a] D 171-6°, Rm= 
43-0 (Ling and Baker, J.C.S. 1897, 71, 508), 
obtained by starch transformations using pre- 
cipitated malt diastase at 70°C. (Action of 
Syniewski’s /3-diastase, Kuhn’s a-diastase.) 
Formula: C 21 H 42 0 21 . Mol. wt. found=C70. It 
is incompletely converted by precipitated malt 
diastase in 24 hours. Product had [o] n =140°, 
Rm=91-5. 

F». — Achroodextrin III, [a] D 171-1°, Ru= 
42-5 (Prior and Wiegmann, Z. angew. Chem, 
1900, 13, 464) which is made by the incomplete 
conversion of potato starch paste by an extract 
of green malt (giving a red colour with iodine). 
Formula: (C 12 H 22 0 11 ) 2 ,H 2 0. It differs from 
Lintner and Dull’s achroodextrin II in being 
partly fermentable by Saaz yeast and more 
fermentable by Frohberg yeast, by which in 
vacuo it is said to be completely fermentable. It 
is completely converted by Logos yeast. With 
diastase (£ hour at 50°, gradually rising to 60° and 
70°C.) it gave maltose and Prior’s achroodextrin 
1 \> C 12 ,H»0, but no “ isomaltose.” j 

F 3 .— “ Maltodextrin,” [a] D 181-3°, R H =42-5 
(Brown and Millar, J.C.S. 1899, 75, 286), which 
was made by the action of kiln-dried malt 
(D.P. 38°L.) i.e. by the action of Syniewski’s 
fi-diastase, Kuhn’s a-diastase on highly concen- 
trated starch solutions (15%) at 55°C. 


This has the same R H as Ling and Baker’s 
maltodextrin-/?, but higher [o] D . It is said to 
give maltose only with fresh diastase, without the 
formation of “ tsomaltose ” or stable dextrin. 
It is not in the slightest degree fermentable by 
(English) brewery yeast. 

IV. The So-called “ Stable Dextrins.” 

G. — Stable-dextrin, [a] D 197-198°, R M =5-5 
(Brown and Millar, J.C.S. 1899, 75, 315), is 
made by the action of cold water extract of malt 
on gelatinised starch at temperatures below 
60°C., the action being carried to the “ resting 
stage ” ([ct] D =150°, R m =80). 

It is not resolvable by fractionation. Unlike 
the maltodextrins, it is attacked very slowly by 
large quantities of malt extract. A 7% solution 
was only saccharified to the extent of 30% 
after 48 hours by 25 c.c. of malt extract per 
100 c.c. of solution. (The malt extract was 
prepared from a kiln-dried malt and found to be 
free from maltase.) The product consisted of 
equal parts of maltose and glucose. It was 
regarded as 39 C c H 10 O E groups andlC 6 H 12 0 6 
(aldehydic). Mol. wt.=6,221. 

H. — Stable-dextrin, [a) D 185°, R M =14 (Ling 
and Nanji, J.C.S. 1925, 127, 636), which is 
made by the saccharification of potato starch 
by precipitated malt diastase (from brewer’s 
malt Z. V. 30°) at 40°C. until the apparent maltose 
was 80-8%. The product was carefully frac- 
tionated. M.wt. =1,923. It is regarded as a 
tetra-amylose and Baid to be transformed slowly 
by maltase into isomaltose and with emulsin 
to give a mixture of maltose and glucose. 

It is clearly quite a different material from 
Brown and Millar's stable dextrin. 

Schardinger by the action of Bacillus 
macerans on starch obtained crystalline doxtrins 
designated as a- and f!- which Pringsbeim has 
termed polyamyloses. 

Pringsheim sots out the polyamyloses as 
a-series. Rotation, 

a-hexa-amylose [ (C 6 H 10 O 5 ) 2 ] 3 +139° 
a-tetra-amylose[(C s H 10 O 5 ) 2 ], +148-5° 
di-amylose (C 6 H J0 6 6 ) 2 52 +136-5° 

/S-serics. 

/J-hexa-amylose [(C 6 H 10 O 5 ) 3 ] 2 +158° 
Tri-amylose (C 6 H 10 O 6 ) 3 +151-5° 

and describes their esters and halogen addition 
products. 

Karrer and Biirklin (Heir. Chim. Acta, 1922, 
5, 181) question the existence of triamylose, 
and considers it and /?-hexa-amylose to be a 
polymeride of maltose anhydride, i.e. an octa- 
amylose. 

These polyamyloses yield glucose on com- 
plete hydrolysis, acetylbromide converts them 
into acetobromomaltose, whilst hydrochloric 
acid and silver carbonate cause the formation 
of amylobiose (isomaltose). 

When tetra-amylose is dissolved in forma- 
mide and precipitated with alcohol, 80% of 
crystalline a-amylosan is obtained, and the 
balance of 20% is obtained as crystalline 
fi-amylosan on distillation of the filtrate 
(Pringsheim, Wieder and Weidinger, Ber. 1930, 
63, [B], 2628). 
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The composition of these dextrin* is as yet 
too uncertain to make further discussion of 
value. The subject has been discussed by 
Pringaheim (“ Die Polysaccharide,” Berlin, 
1931; also “ Chemistry of Monosaccharides and 
Polysacchandes,” 1932. pp. 280-295), and 
by Pictet (Xtae Conference de l’Union Inter- 
nationale de Chimie Li£ge, 1930). 

The very properties which make the dextnns 
obscure chemically, namely, their vaned 
properties, have been turned to advantage in 
industry, where they servo a wide variety of 
purposes as adhesives. 

In industry the processes for the production 
of dextnn may be divided into two classes • 

(1) Diy starch is subjected to the action of 
heat alone or with chemical agents. 

(2) Wet starch, suspended in water or 
cooked to a jelly, is acted on with chemical 
agents with or without heat 

The former is the more important The 
.products vary greatly from almost pure white 
fo dark brown, and there is no close definition 
/of dextrin, though there is a U.S. Government 
' specification. A summary of the subject with 
an abstract of the literature ib given by Bloede 
in Walton’s “ Comprehensive Survey of Starch 
Chemistry," New York, 1928 

Any one of the starches in commerce can be 
used as raw material Potato ataicb is the 
easiest to convert and produces the highest type 
of dextrin, but the taste developed make* it 
undesirable for postage stamps and envelope 
gum. Tapioca starch is preferable, producing 
tasteless products, and it is now the leading 
raw material for high grade dextnn. Com 
(maize) starches are inferior for many purposes, 
but as they are cheap they exceed all others in 
annual tonnage used. 

The starch is first freed as much as possible 
from combined water by drying in suitable 
ovens, and then submitted to a temperature of 
212-275° in rotating sheet-iron drums. The 
heat is supplied by hot oil, rape od being fairly 
enerally used, or by direct fire. When the oil- 
ath is used, the control over the temperature is 
greatest, and the colour of the product can be 
vaned at will from white to dark brown. When 
the drums are heated by direct fire, they are 
made to rotate on slightly inclined axes, the 
dried starch being fed in at the higher end of 
the revolving cylinder and the product dis- 
charged at the other. Sheet iron ovens are also 
used ; they are constructed singly or in seta. The 
heat is supplied by a furnace, the heated air 
from which is drawn over the top of the ovens. 
The material is kept continually stirred by flat 
iron oars. Boxes and trays are also used as 
converters, and, indeed, the maker has only to 
consider the variety and quality of product 
required, and to remember that the drier the 
starch and the lower the temperature of con- 
version, the whiter will bo the product, and, 
further, that different starches yield different 
products, «.«. behave differently when sub 
mitted to the action of heat, to enable him to 
construct an apparatus that w ill suit his require' 
menta. It must also be borne in mind that the 
conversion takes place more slowly at a low 
temperature. 


The alternative method, in which less heat 
iB required to yield a satisfactory product, is to 
spray or moisten the starch either with a 
mixture of dilute nitrio and hydrochloric acids, 
or with each acid singly, or with dilute oxalic 
acid. The paste is dried 8nd heated at 100-120° 
or to 160°, till the transformation 13 complete, 
as determined by the iodine test ; it must then 
be arrested promptly. 

For a method of examination of commercial 
dextnn and related starch products, v. Babing- 
ton, Tingle and Watson, J.S C.I. 1818, 37, 
257T. The manufacture of potato dextnn is 
described by A. E. Williams (Chem. Trade J. 
1932, 90, 99; Ind. Chem. 1932, 8, 114). 

On heating dry starch with formic or acetic 
acids, the starch nucleus is broken down and 
esters of dextnns are formed, which are soluble 
in cold water. The proportion of acid fixed 
depends on the time of treatment. After 15 
hours’ heatmg with glacial acetio acid at 90°, 
the product just ceases to give a blue iodine 
coloration, and the products of the further 
heating are soluble in cold water. When care is 
taken to exclude moisture, and the heatmg is 
continued for 2 or 3 hours only, using equal 
weights of starch and glacial acetic acid, an 
acetylated starch, known commercially as 
Feculose, is obtained. This behaves like starch 
towards boding water, but the jelly does not 
revert on standing It forms very clear flexiblo 
films, and is said to give better results than 
dextrin as a textile finish (see Traquair, J S C I. 
1909, 28, 288) 

During hydrolysis the formation of glucose 
should be limited as far as possible, as it increases 
the hygroscopicity of the dextnn. The quantity 
present depends to some extent on the nature 
of the hydrolytic agent, of which i-fo of 1% is 
employed. 

The operation of dextrinisation is said to be 
still largely an art, there being a variable resist- 
ance of the starch to the action of the hydrolysing 
agent, doubtless duo to the presence of small 
but varying quantities of impurity in the staicb. 
This view is supported by the fact that the 
resistance of the lower grades is more marked. 

British gum differs from dextrin in having 
greater viscosity and producing, a much thioker 
liquid when ma<lo up with the same quantity of 
water. This is due to the presence of only 
partly converted starch. For its manufacture 
roasting alone is generally sufficient, rapid 
heating to between 350° and 400°F. being 
essential. 

“ Gum powders ” have recently become o' 
importance as bottlo adhesives and are special 
powdered forms of dextrin 

Paste or only partly converted dextrin* 
advantageously made by means of enzymes. 

The thin boiling starches required by the 
textile industry are usually prepared by making 
a cream of the raw starch in water, adding the 
requisite amount of mineral acid, and digesting 
at I00-120°F., a temperature below the 
bursting point of the granules. A better, 
though more expensive, method is by treating 
the starch in the cold with an oxidising agent 
such as sodium hypochlorite. 

Vegetable glue is prepared by alkaline treat- 
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tnent of starch, for example, by heating with 
6% caustic soda with constant agitation to the 
bursting point of the starch granule. The 
string}” glue-like mass has high adhesive proper- 
ties and is widely used in the wood-working 
industry as a substitute for animal glue. 

E. F. A. 

“ DEVIL’S ” DUNG v. Asatcetida. 

dExtroform. A non-poisonous com- 
bination of dextrin with formaldehyde which is 
used as a disinfectant dusting powder in the 
treatment of wounds and infected ulcers. 

DEXTROSE, glucose, v. Cabbohydbates. 

DHAK GUM, a variety of Indian kino 
obtained from Butea frondosa Roxb. (g.v.). 

DHURRIN is a cyanophoric glycoside iso- 
lated by Dunstan and Henry (Phil. Trans. 
1902, 199A, 399) from the leaves and stems of 
the great millet. It is para-hydroxymandelo- 
nitrile glucoside and is hydrolysed by emulsin. 

E. F. A. 

DIABASE. This name was introduced by 
the French mineralogist A. Brongniart, in 1807, 
for those varieties of basalt in which the light 
and dark minerals, respectively felspar and 
augite (or as he erroneously supposed, felspar 
and hornblende), are distinguishable to the 
unaided eye. As actually defined by him, the 
term is therefore synonymous with the dioriie 
of Haiiy (1822), whilst with the correction of 
augite for hornblende it becomes a synonym of 
the dolerite of Haiiy (1822). In the latter 
sense it is used by some authors at the present 
time. Unfortunately, the term was re-defined 
by German petrographers, and it came to be 
applied to the older, or pre-Tertiary, dolerites, 
which differ from those of more recent date 
only in showing correspondingly more altera- 
tion, with the development of secondary 
minerals, such as chlorite. In consequence of 
this, the name “ diabase ” is now applied by most 
English authors to a partially altered or 
weathered dolerite. In this sense it has an 
economic bearing, since rocks of this class, being 
of wide distribution, are much quarried for road 
making. For this purpose the fresher dolerites 
are somewhat brittle, whilst diabases are tougher 
and more durable, providing that decomposi- 
tion has not proceeded too far. There is also a 
tendency to use the name “ diabase ” in a loose 
sense, like the popular terms “ greenstone,” 
* whinstone,” “ toadstone,” and “ trap-rock.” 

L. J. S. 

diabetin. Trade name for a preparation 
containing 12% of saccharine, 45% of sodium 
bicarbonate, 43% of tartaric acid and traces of 
red colouring material (J. Polak, Pharm. 
Weekblad, 1909, 46, 519). 

DIACETIN v. Acettn. 

D I ACETYL, CHj-CO-CO'CHj, the first 
member of the aliphatic l:2-diketones, a yellow 
hquid, b.p. 87-88°. The characteristic odour of 
butter is due to the presence of a small quantity 
of diacetyl (about 0-0005%) [v. Butter). 

diacetylenes. The members of this 

group of hydrocarbons have two acetylenic 
linkages in the molecule. These linkages may be 
conjugated or unconjugated. Two principal 
classes of diacetylenes are to be recognised, 
taz. those in which the acetylenic linkages (one or 


both) are terminally situated and which conse- 
quently retain one or two reactive (“ acetylenic ”) 
hydrogen atoms, and thoBe in which all the 
reactive hydrogen atoms have been substituted 
by other groups. Substances of the former 
class ( e.g . diacetylene) can display both sub- 
stitutive and additive reactivity, whereas 
those of the latter class (e.g. dimethyldiacetylene) 
can only display additive reactivity. 

Preparation. — Diacetylene, CH-C-CjCH, is 
conveniently prepared by the action of cupric 
chloride solution on cuprous acetylide, followed 
by treatment of the copper diacetylide thus 
formed with dilute hydrochloric acid. The 
gaseous diacetylene so produced is purified in 
the Stock vacuum apparatus. Increase in the 
relative proportion of the cupric chloride, up to a 
point, increases the purity of the diacetylene 
produced, but also diminishes the total yield of 
gas owing to increased oxidation of the copper 
compounds (Straus and Kollek, Ber. 1926, 
59, [B.J, 1664). Diacetylene can also be prepared 
by the action of excess of alcoholic potassium 
hydroxide at 150-160° on butadiene tetra- 
bromide (Lespieau and Pr&vost, Compt. rend 
1925,180, 675), and it has been obtained together 
with numerous other products by maintaining an 
electric arc beneath the surfaco of ethyl alcohol 
(Midler, Helv. Chim. Acta, 1925, 8, 826). 

Symmetrically disubstituted diacetylenes of 
the conjugated type R-C-C-C-CR can be 
smoothly prepared by the action of cupric 
chloride solution on the copper derivatives of 
monosubstituted acetylenes RCiCH (Straus 
and Kollek, l.c.), or by the action of iodine 
(2 atoms) on acetylenic Grignard reagents of the 
type CR-CMgX (Grignard and Tchdoufaki, 
Compt. rend. 1929, 188, 357). Symmetrical dia- 
cetylenic hydrocarbons of unconjugated type are 
obtained (1) by the action of acetylenyl bromides 
on magnesium (sometimes sodium) in ether. 

Mg 

2CR|C-CH 2 Br >• CR : CCH 2 CH 2 CjCR, 

(2) by the action of monosodio-acetylenes on 
polymethylene bromides, 
2R-CCNa+Br-[CH 2 ] 5 -Br 

— R-C:C”[CH 2 VC;CR, 
and (3) by the action of suitable dibromo- 
olefins on polymethylene dibromides in presence 
of magnesium, followed by treatment of the 
product -with alcoholio potassium hydroxide : 
Br[CH 2 ] 7 -Br+2CH 2 :CBr-CH 2 Br 
Mg 

>- CH 2 :CBr-[CH 2 ] 0 -CBr:CH 2 

KOH 

— ^ ch:c-[ch 2 7 9 -c;ch 

From those diacetylenio hydrocarbons which 
contain one or two replaceable hydrogen atoms in 
the molecule, alkyl derivatives can be obtained 
by the action of methyl sulphate or other 
suitable alkylating agent (see Acetylenes) on a 
metallic derivative of the hydrocarbon : 
[C;C(CH 2 ) 2 -C-C]Mg 
Me,S0 4 

s- CMe-'C-(CH 2 ) 2 -C : CH, and 

CMejC-(CH 2 ) 2 -C-CMe 

In general, unsymmetrical diacetylenio hydro- 
carbons can be obtained by the action of 
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excess of hot alcoholic potassium hydroxide on 
the corresponding diolefin tetrabronndes : 

R CHBr CHBr-[CH t ] n CHBr-CHBr.R' 
4K.OH 

*• R*C:C'[CHj]n - C:CR' 

Properties . — The diacetylenes are gases or 
liquids, usually of pronounced odour. Those 
compounds which retain one or two reactive 
hydrogen atoms in the. molecule react with 
ammoniacal cuprous chloride, alcoholio silver 
nitrate, etc., to give metallic derivatives in the 
same manner a3 does acetylene, and with 
hypohaloua acid (or under certain conditions 
with halogens) to give halogeno -acetylenes 
Also all diacetylenes add chlorine, bromine, 
iodine, or hydrogen hahde at them unsaturated 
centres. 

Diacetylene, the simplest compound of the 
group, is a gas at room temperature (b.p. +9 5° 
to 10°/749 mm.; d° t 0 7364, 1-43862). It 

) readily yields explosive metalho derivatives and 
in liquid form polymenses easily to give dark- 
coloured solid products ; when heated, it forms 
liquid polymendes. By the action of iodine 
on the silver compound, or more conveniently, 
by the action of iodine and bypoiodous acid 
on the hydrocarbon, di lododiacetylene is 
obtained; impure specimens of the latter are 
violently explosive. Di-iododiacetylene is trans- 
formed by iodine in ethereal solution to aaBySS- 
hexaiodobutadiene, m p. 165 5-166 5°. With 
iodine in chloroform solution diacetylene yields 
the tetraiodide, C t H,l t , mp. 68-69°; with 
bromine it reacts with unexpected slowness, 
the mam product being a hexabromide, m.p. 
183-5°, but it gives also some proportion of an 
isomeno bromide, m.p. 114°. Diacetylene can- 
not be regenerated satisfactorily from the 
hexabromide by the action of zinc in an alcohol 
or acetone medium. 


The conjugated diacetylenes can be hydro 
genated catalyticaHy and can evidently display 
some tendency towards terminal addition Bince 
diphenyl diacetylene on dihydrogenation under- 
goes 1:4 , 1:2.3 4-, and l:l:4.4-addition simul- 
taneously : 

H, fCHPh.C:C:CHPh 
CPh-C-C-CPh ->• ^CHPhiCH CH:CHPh 
l_C H t Ph-C • C-CHjPh 

In general, each unsaturated centre of either 
conjugated or unconjugated diacetylenes is 
capable of displaying additive properties similar 
to those which characterise the simple 
acetylenes. 


Conjugated Diaceiylenes, 

R C; C-C-CH and R C-C-C-CR. 

Bp.(mp ). 

Methyl diacetylene (A ay -Pentadi-inene)42°(c.) 


(A Q ^-Hexadi-inene) 80® (e.) 
(A ay -Heptadi inene) (I) 
( A^-Hexadi-inene) 

130° (64°) 

(A^-Octadi inene) (?) 
^-Decadi- 

. 88712 mm. 
(A^-Dodecadi- 

I03°/8 mm 
(A^-Tetradecadi- 

. 118°-11074mm. 
(o8-Diphenyl-A tty - 

. (86 5-87°) 
{oS-Diphenyl-A^ 5 - 
. . . (101°) 

Di-/?-phenylethyl diacetylene (ufl Biphenyl- 
A yf -octadi-inene) . . . (118°) 


Ethyl 
Propyl- 

Dimethyl- „ 

Diethyl- „ 

Di-n-propyl- „ 
inene) 

Di-n-bntyl- „ 
inene) 

Di-n amyl „ 
mene) 

Diphenyl- „ 
idi-inene) 

Dibenzyl- „ 
hexadi inene) 
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Formula 

B.p. Im p ). 

d 

J? 

A n *-Heptadi-inene 

CH:C'[CHJfC:CMe 

26“-27°/3 mm. 

0 810“ 

1-4521“ 

A° J - „ 

CH ; C [CHJyC-CH 

Ill 5°-112-5° mm. 

0 8104“ 

1-451” 

tP* -‘v'x'uiih ‘numb 


nun. 



A°^-Nonadi inene 

CHiC-CCHJj-CICH 

55°-55 6°/13 mm. 
(-21°) 

0 8169“ 

1-452“ 

A a *-Undeeadi-inene . 

CH-C-fCHjlj-C-CH 

82 6°-83“/2 mm. 
(-17°) 

0 8182“ 

1-453“ 

A 0/i -Tridecadi-inere . 

ch;c [Chj 9 c : ch 

(-3° to -2°) 

0 8262“ 

1 454“ 

A^'-Pentadecadi-ineno 

c s h„-c;cch,c.c C,H„ 

I34°-135°/4 mm. 

— 

— 

A^-Hexadecadi inene 
A<‘- „ 

CH-C-tCHJ^-CiCH 

152°-165°/I2 mm. 

_ 

— 

C t H 11 C|CCH 1 C;CC s H n 

169°-170°/16 mm. 

_ 

— 

A { “ .. 

C 4 H 11 C:C[CH 1 ] I .CjCC 4 H 11 

157“-158°/10 mm. 

— 

— 

A^-Heptadecadi-inene 

C»H tl -C;C CH.-C-C-C.H,, 

160“-15576 mm. 

— 

— 

A^-Octadecadi-inene 

C 1 H w C:C[CH t l 1 C;CC e H u 

167°-168°/7 mm. 

_ 

— 

A ar *Eicosadi.inene . 

CH;C[CHJ U C:CH 

(54°) 

— 

— 

A *'*-Tri cosadi- inene . 

c,h 14 -c;cch 1 c:cc,h„ 

(-12° to -10°) 

— 

— 

A*^-Tetracosadi inene 

CgH,j C-C [CHJj c;c-c 9 Hj, 

(38 5°-39°) 

— 



E.H.F. 
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DIACRIDINES v. Aobidine. 

DIAL. 5:5-Diallylbarbiturio acid. Alio- 
barbitone, m.p. 171-172°. ■ Hypnotic ( Ciba , 

London), B.P.C. (v. BAEBmmia Acid). 

D I ALLAGE. An important rock-forming 
mineral belonging to the monoclinio series of 
the pyroxene group. It has the same composi- 
tion as diopside and hedenbergite, 

Ca{Mg,Fe)(S10 3 ).,, 

but with the addition of alumina passes into 
augite. It differs from the other members of 
the pyroxene group in possessing a fine lamellar 
structure, due to secondary twinning and 
partial alteration of the material. On the 
surfaces of foliation tho mineral displays a 
shining metallic sheen, and on this account it is 
sometimes used as an ornamental stone. The 
colour is grey, brown or greon. Diallage is of 
common occurrence as a constituent of gabbro. 

L. J. S. 

DIALLYL, A a€ -hexadiene ( v . Butadienes 
and Polyolefines (non-conjugated). 

DIALURIC ACID, Tartronylurea, v. Bae- 
BiTumc Acid (Vol. I, p. 6256). 

DIAMOND. -Carbon crystallised in the 
cubic system. The contrast presented by the 
physical characters of the two forms of crystal- 
lised carbon — diamond and graphite — is very 
striking. Diamond is the hardest of minerals 
and, indeed, of all known substances, but at the 
same time it is very brittle ; on tho other hand, 
graphite is one of the softest of minerals, and it is 
flexible and inelastic. The one is colourless and 
transparent and a bad conductor of electricity, 
whilst the other is black and opaque and a good 
conductor. There is also a considerable differ- 
ence in density — diamond, 3-52 ; graphito, 2-25. 

The name diamond, in Drench and German 
Diamant, and similar in most other European 
languages, is a corruption of the Latin Adama-s, 
which was used for this mineral by Manilius 
(a.d. 16) and Pliny (a.d. 100). This came from 
’ASdfuis, meaning invincible, a word applied 
by the Greeks to hard metals and stones. The 
similar name adamantine-spar was used by 
tho chemist Joseph Black for corundum. 
Although diamond and corundum are numbered 
respectively 10 and 9 in the mineralogist’s scale 
of hardness, and with no other mineral falling 
between the two, yet, as shown by abrasive 
tests, diamond is 140 times harder than corun- 
dum, and more than a thousand times harder 
than quartz (No. 7 on the scale). It is on this 
high degree of hardness that all the technical 
.applications of diamond depend ; and a faceted 
gem never shows any signs of wear. The 
hardness is greater on an octahedron face than 
on a cube face, and on each face it varies with the 
crystallographic direction. Lapidaries assert 
that stones from Borneo and New South Wales 
are harder than those from other localities. 

Crystalline Form. — Crystals of diamond are 
generally found singly and with faces developed 
on all sides ; thus indicating that they grew 
freely from individual centres in some surround- 
ing medium. By far the commonest form is the 
regular octahedron, the faces of which are often 
delicately marked with minute triangular pits or 


“ etched figures,” whilst the edges are nearly 
always rounded and often marked with a pro- 
nounced furrow. Other forms are a hexakis- 
octahedron (six-faced octahedron), and less often 
the rhombic-dodecahedron and the cube, while 
orystals of distinctly tetrahedral habit are rare. 
Nevertheless, it is ' probable that crystals of 
diamond are really hemihedral (tetrahedral- 
cubic) ; the apparent octahedron with grooved 
edges consisting of two tetrahedra interpenetrat- 
ing in twinned position. Distinctly formed 
twinned crystals are not uncommon. These 
are contact-twins with a face of the octahedron 
as twin-plane, and the two individuals flattened 
parallel to this plane, giving a triangular plate 
with re-entrant angles at the three comers. 
These are known to the Dutch cutters as “ naad- 
steenen ” (suture-stones). In addition to the 
rounded edges, noted above, the faces them- 
selves are often curved, sometimes to Buch an 
extent that the crystals are almost spherical in 
form. This rounding, as well as the etched 
figures, suggests that the crystals have been 
corroded subsequent- to their growth. An 
important crystallographic character of diamond 
is the existence of perfect cleavages in four 
directions parallel to the faces of the octahedron. 
(On the crystallography of diamond, v. A. Fers- 
mann and V. Goldschmidt, “ Der Diamant,” 
Heidelberg, 1911). 

Physical Characters. — In its optical charac- 
ters, diamond is remarkable for its very high 
refractive and dispersive powers, the indices 
being : for red light (B) 2-40735, yellow (D) 
2-41734, violet (H) 2-46476, and the dispersive 
value (H-B) 0-0574L The critical angles of 
total reflection corresponding -with these indices 
are 24° 33', 24° 26', and 23° 56' respectively. 
The angles between the facets of the brilliant 
form of cutting adopted for the diamond are so 
arranged that a ray of light entering the gem 
by the front facet will meet the back facets at 
a greater angle than the critical angle, and will 
be internally totally reflected, passing out again 
from the front of the stone, and with a chance 
that rays of different colours will be separated. 
A cut 3tone, therefore, shows much brilliancy 
or “ fire,” together with flashes of prismatic 
colours. Corresponding with the high refractive 
index, diamond displays a high degree of 
lustre, which is of the quality known as “ ada- 
mantine ” lustre. Uncut stones, especially 
when not quite clear, and with rough rounded 
surfaces, present a peculiar and very character- 
istic lead-grey metallio appearance. When pure, 
diamond is without colour and perfectly trans- 
parent. The best stones are described as of the 
“ first water ” or “ blue-whites.” More often 
there is a tinge of colour (“ off-coloured ” stones), 
usually pale yellow, brownish, grey or greenish. 
Stones of a good canary-yellow, coffee-brown, 
or black colour are not uncommon, but those of 
rich shades of green, blue, or red are very rare. 
The nature of the colouring matter is uncertain, 
but it is probably inorganic (e.g. iron and 
titanium in the brown stones). Changes in 
colour may be effected by the action of heat or 
by exposure to radium emanations. Crystals 
of diamond, being cubic, should be optically 
isotropic, but when examined under the polaris- 
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>ng microscope they are frequently seen to possess 
anomalous double refraction, especially around 
enclosures in the stone. This is due to a state 
of strain, but according to R. J. Sutton (1928) 
stories of exploding crystals are mythical. 
Luminescence (fluorescence and phosphorescence) 
is readily produced m some, but not all, diamonds 
by the action of sunlight, ultra-violet, Rontgen, 
cathode and radium rays, or simply by rubbing 
(tnbolumineacence). The cause of the Iummea 
cence was attributed by G. F. Kvmz in 1895 to a 
hydrocarbon which he called “ tiffany ite.” Dia- 
mond becomes positively electrified by friction. 
It is very transparent to the Rontgen rajs ; 
whilst glass imitations are opaque. Being a 
good conductor of heat, it can be distinguished 
from a glass imitation by touching with the tip 
of the tongue, diamond feeling much colder 
than glass ; also a film of moisture from the 
breath will disappear more quickly off the surface 
of diamond than off glass The specific heat is 
less than that of graphite, and it increases rapidly 
with the temperature Colourless diamonds 
(apart from those that are distinctly coloured) 
show amongst themselves differences in the 
absorption bands in the infra red and the 
ultra violet ; and some of them develop an 
electric current when exposed to ultra violet 
light— photoelectric effect (R Robertson, J J 
Fox and A. E Martin, Phil Trans 1934, 232A, 
463). 

Chemical Characters — The combustibility 
of diamond was first proved experimentally by , 
the Florentine Academicians in 1694 Lavoisier, | 
in 1772, found that the presence of air was neccs. 
sary, and that “ fixed air ” resulted ; but it was 
Smithson Tennant, in 1797, who first proved 
that equal weights of diamond and carbon 
yielded equal weights of carbon dioxide. More 
convincing experiments m this direction have 
been made by Davy, Dumas and Stas, A. 
Krause (1890) and H Moissan (1893). Powdered 
diamond bums readily in air at a red heat 
Moissan determined the temperature of ignition 
in oxygen to be 690-790” , according to J. Joly 
it is 850” in air. It hums with a small pale 
blue flame, and in oxygen is able to support 
its own combustion. It is infusible even ui the 
electric arc ; and it can be bested at high 
'temperatures '(ilblM’j wiintmt, alteration in 
vanons gases (hydrogen, nitrogen, sulphur 
dioxide and trioxide, and nitrous oxide) In 
carbon dioxide, however, at 1,200° the crystals 
are corroded, with formation of carbon mon- 
oxide. It is unattacked by acids, caustic alkalis, 
iodic anhydride, hydrogen potassium sulphate, 
or a mixture of sodium chlorate and nitnc acid, 
but is oxidised when heated to 180-230° in a 
mixture of potassium dichromate and eulpbunc 
acid. In fused potassium nitrate or sodium car- 
bonate at about 900° small etched figures are 
slowly produced ; at 1,200° the action is more 
rapid, carbon dioxide being liberated It u 
acted upon by sulphur vapour at 900° ; and it 
combines with iron, yielding steel. Crystals are 
etched by molten olivine (magnesium silicate). 
The fact that diamond gives with oxidising 
agents only carbon dioxide, whilst graphite 
yields graphitic oxide, has led to the suggestion 
that these two forms of carbon are chemical 


isomerides. Observations at high temperatures 
are somewhat contradictory ; a mere blackening 
of the surface baa often been observed, but not 
always confirmed. C. Doelter (1911), with 
crystals packed in charcoal or thorium oxide 
and heated to 2,500°, obtained only a superficial 
blackening without any alteration in the physical 
characters of the material. Moissan (1893), 
however, records the conversion into graphite 
at the temperature of the electric arc (about 
3,600°) ; end Parsons and Swinton (1907) found 
that a diamond placed in the focus of cathode 
rays jt» vacuo swelled up into a coke like mui 
when the temperature reached 1,890°. In this 
connection the occurrence of cubes of graphite 
(cliJloniU) in meteoric irons is significant; 
these are supposed to be paramorphs after 
diamond. 

The ash remaining when diamond is burnt 
amounts, for colourless crystals, to 0 02-0 05%, 
but in the less pure carbonado it may reach 
4 8% It consists mainly of iron oxide and 
silica, with some lime, magnesia, and titanium. 
The iron and titanium may represent the colour- 
ing matter present in the stone ; but the fre- 
quent presence of minute enclosures in diamond 
is not to be overlooked. In addition to liquid 
enclosures (carbon dioxide and water), the 
following materials have been recorded . black 
carbonaceous matter, magnetite, llmemte or 
hematite, quartz, rutile, pyrite, gold, garnet, 
olivme, chlorite (!), apophylhte, etc. (R. J. 
Sutton, Min Mag. 1921, 19, 208, L. J. Spencer, 
ibid 1924.20,245) 

Varieties. — Differing in certain points from 
the general characters enumerated above, there 
are two vaneties of diamond — bort and car- 
bonado — which, for technical purposes, are more 
important than the purer crystals used for gems. 
These are crystalline aggregates, as distinct from 
single well-developed crystals. 

Bort (boart or boort) consists of a number 
of individual crystals with a radial grouping 
around a common centre, giving nse to rounded 
exterior forms. These are sometimes quits 
spherical (“ Bhot-bort ” or “ ballas ”) They 
are usually rough on the exterior, it being only 
hero that the fibres, or individual crystals, 
have been free to develop crystal faces — m the 
interior these "have ‘iriterteren with each other * 
growth. Although each individual possesses the 
cleavage characteristic of diamond, yet for the 
whole mass there is no continuous cleavage 
For this reason, bort is tougher than the single 
crystals, which readily split along the cleavage 
directions, and is thus better adapted for bonng, 
turning and cutting tools. This, no doubt, is the 
explanation of the common statement that bort 
is harder than diamond ; further, since in 
crystals the degree of hardness varies with the 
direction, a chance section of bort will present 
both maximum and minimum values. The 
rounded pieces of bort are translucent to cloudy 
and opaque. They are grey or black with • 
greasy to metafile lustre, and, usually, a peculiar 
leaden appearance ; sp gr. 3 50 In the trade 
tbe term bort also includes fragments (such m 
those obtained by bruting), and all crystals and 
stones that are useless for gem purposes. Such 
material is of value as an abrasive. 
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Carbonado, or “ black diamond ” (known in 
the trade as “ carbon ” or “ carbonate ”), is a 
finely granular crystalline material, dull, black 
and opaque, and often more or less porous, with 
somewhat the appearance of coke. It forms 
irregularly shaped masses, and consists of a 
confused aggregate of minute cryital grains of 
diamond. It therefore presents no cleavage as 
a whole, and is consequently tougher and less 
frangible than single crystals. It is less pure 
than ordinary diamond, yielding more ash (up to 
4-8%) when burnt. An analysis of the ash 
gave Fe 2 0 3 53-3%, Si0 2 33-1%, CaO 13-2% ; 
MgO trace. The sp.gr. is less, 3-15-3-34 (the 
value for crystals being between the lim its 
3-502-3-525). The largest known piece of 
carbonado was found in Bahia, Brazil, in 1895. 
It weighed 631-9 g., that is, slightly more 
than the famous “ Cullinan ” diamond (which 
weighed 621-2 g.). Both carbonado and 

bort show considerable variations in texture, 
and with increasing coarseness of grain they 
may pass insensibly into ordinary diamond. 

Occurrence. — India, from very remote times 
until the middle of the eighteenth century, was 
the only source of diamond (with the unim- 
portant exception of Borneo). Since the dis- 
covery of the Brazilian and South African 
deposits the output has gradually fallen off, 
the fluctuating annual output being returned as 
only 20 carats in 1916 and 2,480 carats in 1934. 
The secondary deposits have, however, only been 
worked by native methods, and the original 
deposits have not been discovered. Indian 
diamonds being of the best gem-quality, there 
is thus a possibility of further developments. 
They occur associated with pebbles of jasper 
and vein-quartz in thin beds of conglomerate 
in the ancient sedimentary rocks (sandstones 
and shales) of the Vindhyan system (of pre- 
Cambrian age), which rest directly on the 
crystalline rocks. With the" weathering of 
these strata, the diamonds are accumulated 
in the alluvial deposits of the present rivers. 
The districts where mining has been done 
fall into three main groups : a southern group 
in the basins of the Pennar, Ivistna and Godavari 
rivers in Hyderabad and Madras; an eastern 
group in the Mahandi and Brahmani valleys in 
Bihar and Orissa ; and a northern group between 
the Ken and Son rivers near Panna in Bundel- 
khand. A doubtful occurrence of diamond in 
pegmatite has been described from Wajra 
Karur near Bellaiy ; and, unfortunately, 
nothing is known as to whence the diamonds 
found in the ancient sedimentary rocks were 
derived. (On Indian diamonds, v. Manual of the 
Geol. of India, vol. 3, Economic Geology, 1881, 
by V. Ball ; vol. 4, Mineralogy, 1887, by F. R. 
Mallet ; J, 0. Brown, “ India’s Mineral Wealth,” 
1936). 

In Brazil, diamonds were discovered about 
1725 in the alluvial gold-washings at Tejuco 
(now Diamantina) in Minas Geraes ; and, 
although they have been since found in several 
other districts, notably in Bahia, this has 
remained the principal diamond-mining centre. 
Here, as in India, the diamond-bearing alluvial 
deposits have heen derived from conglomerates 
and sandstones (including the flexible sandstone 
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known as itacolumite) of considerable geological 
age (pre-Cambrian), and the original rock from 
which these were derived is not known. The 
Brazilian deposits are, however, remarkable for 
the variety of minerals found as well-worn 
pebbles (“ favas ”) in association with the 
diamond ; and the nature of these minerals, or 
indicators, has led to the suggestion that they, 
together with the diamonds, originally came from 
quartz-veins. (On Brazilian diamonds, see E. 
Hussak, “ Os Satellites do Diamante,” Rio de 
Janeiro, 1917; H. Preston, J. Soc. Arts, 1909, 
58, 101 ; L. J. Moraes and D. Guimaraes, Ann. 
Acad. Brasil, Sci. 1930,2, 153, and Econ. Geol. 

1931, 26, 502; C. W. Correns, Z. pr. Geol. 

1932, 40, 161, 177). 

In South. Africa, diamonds were first dis- 
covered in 1867 near Hopetown on the Orange 
River. In 1868 the important workings (“ river 
diggings ”) on the Vaal River were commenced ; 
and in 1870-1871 the diamonds were traced to 
deposits of a unique type, in the neighbourhood 
of which the town of Kimberley in Griqualand 
West, Cape Province, very quickly sprang up. 
Here are situated the famous mines De Beers, 
Kimberley, Putoitspan, Bultfontein and Wes- 
selton. Other mines of the same type are the 
Jagersfonteiii and Koffyfontein mines in Orange 
Free State, and the great Premier mine (dis- 
covered in 1902) near Pretoria in the Transvaal. 
The diamond-bearing rock of these mines fills 
volcanic pipes, 200-300 yards (in the case of the 
Premier mine half a mile) across, penetrating 
vertically the surrounding beds of basalt, shale 
diabase, and quartzite, and extending to un- 
known depths. The rock, known as kimberlite 
or locally as “ blue ground,” consists mainly of a 
hydrated magnesium Bilicato with much the 
same composition as serpentine. It contains 
boulders and broken fragments of various rocks 
(basalt, shale, sandstone, quartzite, granite, 
mica-schist, eclogite, etc.) and minerals (ilmenite, 
pyrope, enstatite, chrome-diposide, pyrite, etc.) 
and is of the nature of a volcanic agglomerate. 
Diamond is present in this rock on an average 
of one part in fourteen millions (0-00008%), and 
in the richest part of the Kimberley mine one 
part in two millions. The diamond was brought 
up from below with the igneous material, winch 
must have been derived from a basic magma 
rich in olivine. Although the origin of diamond 
has been the subject of much discussion, there 
seems no reason to doubt but that it crystallised 
from this basic magma. The rare presence of 
diamonds embedded in boulders of eclogite (a 
garnet-pyroxene rock) found in the blue ground 
has led to the suggestion that this is the mother- 
rock ; but it is quite conceivable that the 
mineral crystallised from more than one kind 
of basic magma. 

The early open workings (“ dry diggings ”) 
at the Kimberley mines were soon replaced by 
a regular system of underground mining. The 
hard blue ground, when brought to the surface, 
was formerly spread out on extensive floors and 
exposed to the action of the weather for about 
a year, when it is crumbly enough to enable 
the heavy minerals to be separated by washing. 
The present method is to pass the rock directly 
through crushers and rollers. From the concen- 
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trate the diamonds are separated by means of a 
mechanical sotting table coated with, grease, 
to which the diamonds adhere, whilst the other 
minerals pass over. Finally, the stones are 
cleaned by boiling in a solution of caustic soda 
and in aqua regia or hydrofluoric acid. 

Many kimberlite pipes are found over a wide 
area in South Africa, some extending also into 
South-West Africa, Southern Rhodesia, Belgian 
Congo and Tanganyika Territory; but only a 
few of them have proved to be productive. 
These pipes, of Cretaceous age, have no doubt 
supplied the diamonds found in the eand-dunes 
in South-West Africa, and the rich deposits 
found in 1927 and 1929 along the coast respec- 
tively south and north of the mouth of the 
Orange River. Rich alluvial deposits were 
discovered in 1926 in the Lichtenburg district 
in south-western Transvaal, where the gravels of 
anancientnversystem are richest in diamonds in 
large pot holes in the underlying dolomite rock. 
It is possible, however, that eomo of these allu- 
vial diamonds may have been derived from rocks 
of much greater geological age, for email green 
diamonds are occasionally found in the gold- 
bearing conglomerate (“ banket ”) at Modder- 
fontein m the eastern Witwatersrand. In these 
rocks, of pre-Cambrian age, the diamond must 
have come from some earlier source, of which no 
trace has yet been found. (On South African 
diamonds, see G. F. Williams, “ The Diamond 
Mines of South Africa,” 2nd ed , New York, 
1907 ; P. A. Wagner, “ The Diamond Fields of 
Southern Africa,'* Johannesburg, 1914; J. R 
Sutton, *' Diamond— A Descriptive Treatise,” 
London, 1928 ; A. F. Williams, “ The Genesis of 
the Diamond," 2 vols , London, 1932). 

Since 1903 diamonds have been discovered in 
several other parts of Africa. They have been 
found in conglomerates of Triassio age near the 
borders of Belgian Congo and Portuguese Angola 
and extending northwards into French Equa- 
torial Africa (E. Pohnard, Ann. Soc. G-eoL 
Belg. Publ. Congo Beige, 1929, 52, C179 ; 1934, 
67, C65; Bull. Acad. Roy. Belg. 1931. 17 , 137). 
In West Africa many Bmall diamonds are found 
in alluvial deposits in the Gold Coast, a fow in 
Liberia and Sierra Leone, and in 1934 a single 
fine crystal of 10 carats in Northern Nigeria. 
In. Tanjj.an.'jika. Temtiicy a. Lu-.^a kimhmdiris. pi.pa 
and the overlying gravel have been worked 
since 1921 at Mabuki, 35 miles S S.E. of Mwanza 
on the south shore of Lake Victoria, Several 
kimberlite pipes were found in 1926 farther 
south near Shiny&nga. Diamond is also 
reported from Bagamoyo on the east coast 
opposite Zanzibar (E. 0. Teals, Geoi. Survey 
Tanganyika Territory, 1931, Short Paper No. 9). 

Other diamond -producing countries of less 
importance are British Guiana, Borneo, and 
New South Wales. In the interior of British 
Guiana many small diamonds are found together 
with gold in alluvial deposits along the Mazaruni 
and Tot are mere. Finds of isolated crystals 
have been reported from Russian Lapland, 
Ural Mountains, Bohemia, China, Western 
Australia, British Colombia, Venezuela, etc. 
In the northern portion of the United States 
single Crystals are occasionally found in glacial 
deposits, which have no doubt been derived 


from some unknown source in Canada. At 
Murfreesboro in Arkansas some diamonds have 
been found in a serpentimsed peridotite rock 
allied to kimberlite (H. D. Miser and C. S. Ross, 
Econ. Gcol. 1922, 17, 662). 

The prodiitUon of diamond was at one time 
practically a monopoly of South Africa, and by 
limiting the output and holding large stocks in 
reserve, prices have been artificially kept high. 
But now there are several competitors in other 
regions, though South Africa still accounts for 
more than half the world’s total production. 
In the following table is given the output for the 
best and worst years since 1914. f The total 
output in 1928 of 7,742,000 metric carats is 
equivalent to 1548-2 kg. or rather over 1$ metric 
or long tons (5 metric carats =1 g ), valued at 
£20,200,000. In 1936 and 1937 the production 
reached eight and pine million carats respec- 
tively, more than half in each year coming from 
Belgian Congo. 


Diauond Production of the World 
(in metric carats). 



191* 

1922 

1928 

Union of South 
Africa — 
Mines . . 

Alluvial . . 

South West Africa 
Belgian Congo . 
Angola . . . 

Gold Coast . 

Southern Ithodesia 
Tanganyika Terri 

Brazif' ' . i 

British Guiana 
Borneo . . . 

India . . 

Australia 

2,727,658 

147,742 

23,877 

7,005 

13,716 

65 

1,580 

405,634 

203,925 

114,156 

250,292 

88,683 

6,535 

256 

163,010 

1,948 

171 

1,000 

2,254,649 

2,114,675 

503,142 

1,847,700 

237,611 

698,828 

64 

24,681 

41,805 

214,471 

667 

824 

28 

Total . . 

2,918,000 

1,337,000 

7,742,000 

• Figures not available. 


The presence of diamond in certain meteorite) 
ia of special interest. It was first observed Li 
the stone which fell on September 4, 1880, near 
the village of Novo-Urei, Nizhni Novgorod, 
Russia. This stone is composed of olivtnfl 
V5.T 5.%'/ Sf/Lvugtje, \ZZ %%) , tragtAferM - n 'Mu vj/AaIt 
iron, troihte, chromito, black carbonaceous 
matter, and about 1% of diamond, the last as 
minute greyish grains. As dull black grams it 
has also been found in the meteono stone of 
Carcote, Chili. In several, though not in all, 
of the masses of meteoric iron from CaBon 
Diablo in Arizona it has been found as colourless 
crystals, and as black and colourless grams, the 
largest 1 mm. across. It is also recorded from 
the meteono iron of Magura, Czechoslovakia. 
The cubio form of graphite (cliftomte), probably 
a psoudomorph after diamond, has been found 
in tho meteono irons of Youndegin (Western 
Australia), Smithvdle (Tennessee), Crosby’s Creek 
(Tennessee), and Magura (Czechoslovakia). 

Origin and Artificial Production— The 
reported occurrences of diamond in acid Igneous 
rocks and in quartz-veins are verydouhtlul. On 
the other hand, its presence in basic igneous rocks 
is well established ; eg. in kimberlite and eclogito 
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in South Africa, in serpontinised peridotite in i was made to produce diamond at ordinary 


Arkansas, and in diabase in New South Wales ; 
whilst in meteoric stones the matrix is also of 
the same general character. In these cases the 
diamond is very probably present as a primary 
mineral, and one of the first constituents to 
crystallise out from the basic silicate magma. 
In addition, we have the occurrence of diamond 
in the nickel-iron of meteorites. This may be 
regarded, as a magma of a still more basic type, 
and it is thus probable that diamond may 
crystallise from basic magmas of widely varying 
composition. 

Many attempts have naturally been made to 
constrain the abundant element carbon to 
crystallise as the rare and valuable diamond. 
Considerable doubts have recently been ex- 
pressed as to whether diamond has ever been 
produced artificially (C. H. Desch, Nature, 1928, 
121, 799 ; F. Krauss, “ Synthetische Edelsteine,” 
Berlin, 1929; F. Stober, Chem. Erde, 1931, 6, 
440; R. Brauns, Zentr. Min. A., 1931, 218; 
M. K. Hoffmann, Fortschr. Min. Krist. Petr. 
1933, 18, 17). The alleged products have never 
been more than the minutest particles, and these 
have not been subjected to rigorous tests. The 
hardness test by scratching has been mainly 
relied on ; but many carbides have a high degree 
of hardness, and spinel, wliioh may crystallise as 
colourless octahedra, readily scratches quartz. 
The appearance under the microscope alone is 
not reliable, and no definite determinations 
appear to have been made of the refractive index, 
specific gravity, or X-ray diffraction patterns. 

The experiments of I. Friedlander (1898), and 
of R. von Hasslinger (1902-1903), in which 
carbon was dissolved in molten magnesium 
silicate (olivine or kimberlite), bear some 
relation to the natural occurrences, but doubts 
have been expressed as to whether the micro- 
scopic crystals so obtained were really diamond. 
A method often tried is that first used by 
R. S. Marsden (Proc. Roy. Soc. Edin. 1881, 
11, 20) and elaborated by Moissan (1893-1896 ; 
“ Le Four dlectrique,” Paris, 1897 ; and “ The 
Electric Furnace,” London, 1904), in which 
carbon is dissolved in silver or iron at a high 
temperature and the mass suddenly cooled by 
immersion in water or lead. A contracting crust 
is so formed and the molten interior subjected to 
great pressure. Sir C. A. Parsons (Bakerian 
Lecture, Phil. Trans. 1919, A., 220, 67 ; 
J. Inst. Metals, 1918, 20, 5), from a Ipng series of 
experiments, however, concludes that pressure is 
not a necessary condition, and that the diamond 
had been formed from gases, probably carbon 
monoxide, occluded in the iron. E. de Boismenn 
(‘ Fabrication synthdtique du Diamant,” Paris, 
1913)Btates that heobtained crystals up to 2 mm. 
across by the electrolysis of fused calcium 
carbide. O. Ruff (Z. anorg. Chem. 1917, 99, 73), 
in a systematic repetition of the various methods, 
obtained negative results, except perhaps by 
Moissan’s method. 

L. Duparc and P. Kovaleff (Compt. rend. Soc. 
Bhys. Nat. Hist. Geneve, 1924, 41, 108), from a 
consideration of the equilibrium relations of 
diamond and graphite, conclude that the 
stability of diamond increases with pressure and 
diminishes with temperature, and an attempt 

Vol. IH.— 37 


temperature under very high pressure, as in 
Spring’s experiments. Carbon disulphide and 
a metal with a strong affinity for sulphur were 
subjected to a pressure of 8,000 atm. Dis- 
solving the metal in acid, there remained a 
minute residue of colourless irregular grains 
which were birefringent with high refraction 
and which readily scratched glass. After some 
days the particles became covered with an 
opaque crust and fell to a fine powder. The 
suggestion that diamond was formed in this 
experiment is clearly not substantiated. 

L. Sesta (Phil. Mag. 1929, 7, 488) repeated 
the experiments of M. La Rosa (1909-10). 
Using an intense intermittent electric are he 
obtained from sugar-charcoal spherical particles 
and minute tetrahedra with curved faces, with 
sp.gr. >3-2, H. >»9, which burnt in oxygen, 
leaving no residue. M. K. Hoffmann (Zentr. 
Min. A, 1931, 214) found that a carbon electrode 
in liquid air with a current of 5,000 volts yielded 
glittering partioles which resisted acids, but as 
the refractive index was less than 1-74 they 
were not diamond. J. Basset (J. Phys. Radium, 
1934, 5, 471) by reducing carbides and various 
carbon compounds with metallic oxides under 
high pressure and temperature obtained only 
graphite. 

Applications. — The value of diamond as a 
gem depends on its high degree of hardness 
enabling it to resist wear, and its high refractive 
and dispersive powers. These optical characters 
are, however, only brought into full play when 
the stone is faceted in a particular manner; 



Brilliant-cut. Bose-cut. 


and for this reason, old stones cut by Indian 
lapidaries have often been re-cut. The form 
most suited for this purpose is the brilliant-cut, 
and stones so cut are known as brilliants. The 
rose-cut, or rosette, is only used for quite small 
stones usually mounted in number as a surround. 
The accompanying figures show a brilliant 
viewed on the large front facet, or table, and a 
side-view ; and the rose-cut, viewed from above 
and the side. Being the hardest known material, 
diamond can only be worked very slowly and 
tediously with its own powder. The ground- 
form of the brilliant is approximately an octa- 
hedron, and this can be obtained, if necessary, 
by cleavage, or more safely by the modern 
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method of sawing with a thin metal di3c charged 
with diamond dost. The bnllaint is then 
roughly ehaped out by rubbing two diamonds 
together — ft process known as bruhng. The 
final grinding and polishing of the facets are 
performed on a rapidly revolving cast-iron disc 
fed with diamond dust and ohve-od. 

The large historical diamonds with their 
associations of mystery and romance are mostly 
of Indian ongin ; but these are now eclipsed 
by the numerous much larger stones found in 
South Africa. The largest Indian stone still 
preserved is the “ Koh-i noor,” which was re-cut 
in England m 1852 as a brilliant of lOC^ carats 1 
{=21*786 g.). The largest Brazilian stone, the 
“ Star of the South,” found in 1853, weighed 
in the rough 254} “ carats," and when cut 125 
“ carats.” Thelargeatknowncrystalofdiamond 
is the “ Cullman,” which was found in 1905 in 
the Premier mine, Transvaal This showed a 
large cleavage surface, and was only a portion, 
probably about half, of the complete crystal 
The portion as found weighed 621 2 g. {3,106 
metric carats, or nearly 1 lb 6 ozs. avoirdupois). 
Being too large to cut as a single stone, it 
was cleaved and cut as nine large gems (weigh- 
ing from 104 06 to 0 88 g ) and ninety -bix small 
brilliants, the yield of cut material amounting to 
34}%. Tho “Cullman,” although the largest 
crystal, is not the largest piece of diamond that 
has hitherto been discovered A mass of carbon- 
ado weighing 631 9 g was found m 1895 in 
Bahia, Brazil. 

As an abrasive, diamond powder is the most 
effective agent available It is the only material 
with which diamond itself can be worked, and 
it is much used by lapidaries for cutting other 
hard stones. A thm disc of soft iron charged 
on the edge with diamond powder is used for 
sawing stones, both for ornamental purposes 
and in the preparation of thin microscope 
sections of rocks Tho small steel tools used by 
engravers of cameos and intaglios, and also the 
steel points used for bonng precious atones, etc., 
are charged with diamond dust. The material 
used for abrasive purposes, though included 
in tho trade under the term borl, consists 
of the waste material from shaping the better 
Btones os brilliants, and also the less clear and 
spotted crystals not suitable for cutting as 
gems. It is crushed in a diamond- mortar, 
splinters suitable for other purposes being picked 
out under a magnifying glass, and the remainder 
reduced to a fine powder. 

The glazier’s diamond is a crystal or frag- 
ment bounded by two rounded crystal-faces 
meeting in a cuned or cusped cutting edge. 
For writing, drawing and engraving (eg. fine 
scales and rulings on glass, metal, stones, 
ivory, etc.) fine splinters are used, or tho 
diamond may be cut to & rounded point or 1 
chisel -edge. Diamond points are also used for| 
drilling hard atones, glass, porcelain, teeth, etc. 

Carbonado and bort, by reason of their 

* This was the old English cant of 203 409 mg A 
later value of the English carat, as defined by the Hoard 
of Trade la 1838 and 1839. wag 205 301 mg The carat- 
weight has now been standardised In all countries as 
the metric camt of 200 mg (5 carats — 1 g) This 
has been the legal value of the carat lu tlie Brit Wilde* . 
Minn* April J, 1014 


absence of cleavage, are much more suitable 
than ordinary diamond for mounting as small 
fragments (2-3 carats in w eight) as cutting 
tools which may be subjected to shocks. These 
are mounted in the crowns of rock drills, used 
in tunnelling, mining, and sinking bore-holes for 
artesian wells, etc. ; and on the edges of blade, 
band, circular, or wire saws for sawing large 
blocks of marble, granite, etc. Fragments, 
either in a rough form or fashioned to a suitable 
shape, are mounted as lathe took for working 
atone, metal, etc. For example, for turning 
electnc light carbons, the edges of watch-glasses, 
finishing accurate turning work of the hard 
steel axles of instruments and machines of pie 
cision, bonng cannon, forming the sharp edged 
furrows on the grinding surfaces of millstones, 
for dressing emery wheels, etc. 

Small cleavage plates or flat crystals of 
diamond drilled from each side with fine conical 
holes are used for drawing fine wire, down to 
0 01 mm. in diameter. For the tantalum, 
tungsten and osmium filaments of electric 
lamps the metal is forced by pressure through 
the hole Bored diamonds are also used for the 
pivot supports of delicate instruments, such as 
chronometers, electnc meters, etc 

The application of diamond for optical 
purposes is limited by the high cost and difficulty 
of working. Diamond lenses would need to 
have a much slighter curvature than those of 
glass, and they would be immune from scratch- 
ing. Microscope objectives with such lenses 
were constructed by Pritchard under the direc- 
tion of C R. Goring, in 1824-1823 A hemi- 
sphere of diamond would also increase consider- 
ably the range and durability of refractometeis 

References — In addition to the references 
quoted in the several sections above, the 
following are given as being of a more general 
character : M. Bauer, “ Edelstemkunde," Leip- 
zig, 1890 — 3rd ed. by K. Scbtossraachec, 
Leipzig, 1928-32— Eng. transl (“Precious 
Stones ”), by L. J. Spencer, London, 1904; C. 
llintze, “ Ilandbuch der Mineralogie,” Leipzig. 
1898, vol i.; C. Doelter, “Ilandbuch der 
Mineralchemie,” Dresden and Leipzig, 1912, 
vol i, , Sir W. Crookes, “ Diamonds,” London, 
1909; Sir II. A. Miera, “ Diamond,” article in 
Encycl. Brit. 11th ed., 1910; E. Boutan, “Lo 
Diamant,” Pans, 1886, E. W. Streeter, “The 
Great Diamonds of the World,” London, 1882; 
W. R. Cattelie, “ Tho Diamond,” London, 1911 ; 
P. Grodzinski, “ Diamant -W erkzeuge *. Bar- 
8tellung der Anwendung dca Diamanten in 
Industrie und Gewerbe,” Berlin, 1D3B. 

L. J. S. 

o-D IAN I S I D I N E, 4 4'-di«mino-3 3'-dimetb- 
oxydiphenyl, colourless crystals, m.p. 135°, used 
as an intermediate for direct cotton dyes. 

DIARSENOL. Canadian arsenical of 
the salvarsan type (J. Messner, Z. angew. 
Chem. 1917, 30, 49; Pharm. Monatab. 1021,2, 
19). 

D l ASPIRIN. Trade name for the substance 

called succinyldi salicylic acid (O P. 196634) 
probably identical with the sobcylyl auccinsde 
ether ester of II. P. Kaufmann (Z, angew. Chim. 
1927, 40. 69) ; m p. 178°, antipyretic. 
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DIASPORE. A native hydrated alumina, 
Al 2 0 3 -H 2 0 or AIO(OH), crystallising in the 
orthorhombic system and isomorphous with 
goethite and manganite. It is usually found as 
scales or foliated masses with a perfect cleavage 
in one direction on which the lustre is pearly; 
but it is readily distinguished from other foliated 
minerals (mica, etc.) by its much greater hard- 
ness (H. 61-7). Sp.gr. 3-4. When heated 
before the blowpipe it decrepitates violently, 
breaking up into pearly white scales (hence the 
name diaspore, from Siaarrelpeiv, to scatter). 
In colour, it is usually grey or yellowish-brown, 
but pale-violet crystals are also found. It is 
usually found as an alteration product of 
corundum and emery, but occurs also as a 
mineral of contact-metamorphic origin in crystal- 
line limestones. It is of importance as a con- 
stituent of bauxite, and in a particular type of 
bauxite, called diasporite, occurring in crystal- 
line limestone in the Bihar Mountains, Hungary, 
it constitutes the bulk of the material. 

L. J. S. 

DIASPORITE v. Diaspoi. 

DIASTASE v. Amylase and Brewing. 

DIATOM ITE (Diatomaceous Earth, In- 
fusorial Earth, Tripoliie or Tripoli ; Ger. Kiesel- 
guhr, Be.rgm.ehl). A form of opaline silica con- 
sisting of the siliceous remains of diatoms 
(Diatomacese). These are unicellular, free- 
swimming plants belonging to tho largo group of 
Algae. The cejl-wall, or frustule, of each minute 
individual consists of two shields or valves of 
siliceous material with elaborate and beautiful 
ornamentation. More than 10,000 species of 
diatoms have been described ; they vary 
considerably in form — fusiform, elliptical, dis- 
coidal, globular and acicular. Material com- 
posed of individuals of the acicular form, the 
length of which varies from 0 093 to 0T56 mm. 
and the thickness 0-00156-0-00468 mm., is best 
suited for technical purposes, Diatoms multiply 
extremely rapidly and inhabit both fresh and 
salt water, being more abundant in cold latitudes. 
On death, their remains accumulate, under 
certain conditions, at the bottom of swamps, 
lakes or the open ocean. Besides being formed 
at tho present day, such deposits are also 
met with in strata of Pleistocene and Tertiary 
age.. 

Diatomite is a loose, pulverulent material 
with a mealy or earthy texture, resembling soft 
chalk or dried clay in appearance. It is friable 
betw'een the fingers with a harsh feel, and 
grates between the teeth. In colour it is white, 
grey, yellowish, brownish or greenish. It is 
very light, floating on water; sp.gr. of air- 
dried material 0-24 and of calcined 0-34. Its 
high degree of porosity depends on the fact 
that the shells of the diatoms are hollow. Good 
material absorbs four or five times its weight 
of water. Further, it is a bad conductor of 
heat, electricity and sound, and is resistant 
to heat and most chemicals. Of acids, only 
hydrofluoric attacks it, but it is slowly dissolved 
by a hot solution of caustic alkali. Chemically 
it consists of hydrated silica, mixed -with various 
impurities, such as sand, hydroxides of iron, 
clayey, calcareous and organic matter. 70-90% 
ot Si0 2 may be present. 


Analysis I is of white material (dried at 105") 
from Auxillac, Cantal, Auvergne ; II, of green 
material from Auxillac ; III, from Loch 
Cuithir (or Quire), Skye, Scotland ; IV, from 
Richmond, Virginia ; and V. of tripolite from 
Bilin, Bohemia (including also SO s 0T2, P 2 O s 
0-24, NH 4 0-03). 



I. 

XI. 

III. 

IV. 

V. 


% 

% 

% 

% 

% 

Si0 2 . 

91-61 

88-56 

88-73 

75-86 

74-20 

Ti0 2 . 

0-10 

0-18 

— 

— 

— 

ai 2 o 3 . 

1-53 

2-16 

— 

9-88\ 

R.R1 

Fe 2 O s . 

2-22 

0-73 

0-67 

2-92 J 

O O X 

CaO . 

0-18 

0-26 

0-04 

0-29 

0-41 

MgO . 

0-29 

0-02 

-1 


— 

k 2 o 

trace 

0-47 

-4 

1-63 

0-02 

Na s O . 

trace 

0-44 

— J 


0-30 

h 2 o . 

2-33 

3-01 

6-40 

8-37 

13-30 

Organic 1 
matter J 

L 1-74 

4-17 

4-15 

— 

4-20 


Tripolite (Ger. Tripel, PoKerscAte/er=polish- 
ing shale) differs from diatomite in being more 
compaot with a laminated structure and conse- 
quently less light (sp.gr. 1-86) and porous. It 
merely represents the Bame material of a greater 
geological (Tertiary) age. 

The most extensively worked deposits of 
typical diatomite (Kieselguhr) are those on the 
Liineburger Heido (heath) in Hanover. Here 
beds with a thickness of 10-15 m. occur in 
basins in Pleistocene sands. The uppermost 
layers are white, below they are grey, and at 
the bottom of tho deposit green. The green 
material contains from 15 to 30% of organic 
matter, sufficient for calcination without 
addition of fuel. A bed of 6-7 m. covered 
by Tertiary clay and basalt is worked at Vogels- 
berg near Altenschlirf in Hesse. Similar deposits 
of recent to Miocene age are also widely distri- 
buted in the volcanic region of central France 
(Departments of Cantal and Puy-de-Dome). 
Here the material is known as randannite and 
ceyssatite, from Randanne and Ceyssat respec- 
tively ; and it is worked commercially under 
the name lellurine. (On the French and German 
deposits, see C. Schmidt, Ann. des Mines, Paris, 
1910, 17, 370). Deposits are met with in peat- 
bogs at several places in Scotland, and beds up to 
40 ft. in thickness of good quality material 
are worked at Loch Cuithir (or Quire) in the 
parish of Kilmuir in Skye (W. I. Macadam, 
Min. Mag. 1884, 6, 87; 1886, 7, 30, 35; 
1889, 8, 135. Special Reports on the Mineral 
Resources of Great Britain, Mem. Geol. Survey, 
1916, 5). Similar deposits also occur in Co. 
Antrim (J. H. Pollok, Sci. Proc. Roy. Dublin 
Soc. 1899, 9, 33). Extensive deposits, many 
of them of Tertiary age, are of wide distribution 
in the United States, especially in California 
(H. Ries, “ Economic Geology,” 6th ed., New 
York, 1930). Other localities are Monte Amiata 
in Tuscany, Victoria, Norway, Denmark, 
Hungary, Algeria, Chile, etc. The typical tri- 
polite forms yellowish-white bands 0-5-1-5 m. 
thick in beds of clay, gypsum, and “ Saugschie- 
fer ’’ (absorbent shale) in a Tertiary basin near 
Bilin in Bohemia. 

In the preparation of the material for the 
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market, that of the purer white quality, after 
being dug out from open pits, is simply air- 
dried in the open or in sheds. Organic matter 
is removed by calcination. Less pure material, 
containing sand, etc., is treated by washing and 
sedimentation. Iron is removed by the action 
of acids. 

The varied uses of diatomite depend on ita 
peculiar properties of porosity, lightness, non- 
conductivity, resistance to heat and acids. It 
was used by the Greeks and Romans for making 
light fire-proof tiles ; and in the middle ages 
was mired with meal for bread, under the 
impression that it had a medicinal value. As 
an absorbent it has been much used with 
nitroglycerine for the manufacture of dynamite. 
The so-called dry sulphuric acid is prepared by 
saturating calcined diatomite with three or four 
times its weight of *cid. Such material can ba 
transported with little risk. Diatomite packed 
around carboys of acid will soak np leakage m 
case the vessels become cracked. It has also 
been used as an absorbent of bromine, dis 
Infectants and liquid manures. On account 
of its n on-conductive properties it is used, 
sometimes with asbestos, as a light packing 
material for boilers, steam-pipes, cooking 
stoves, safes, refrigerators and refrigerating 
apparatus, fire proof and sound proof floors 
and partitions of buildings, bulkheads of ahipa 
etc. Mixed with clay, lime, sawdust, ete., it 
can be used m the manufacture of fire-proof 
bricks and tiles; and having a low coefficient 
of expansion such material is specially adapted 
for making tubes, models, etc It is used in 
the manufacture of various cements and artificial 
stones. Mixed with magnesia cement it gives 
w fire-proof cement for stoves with shellac, 
soaliDg-wax and gramophone records ore made. 
It is also used as a filtering material for liquids 
and gases ; and various liquids (wine, beer, 
acids, oil, syrups) can be clarified by stirring 
with 1% of diatomite and allowing to settle. 
As a filler it is employed in the manufacture 
of rubber, cotton fabrics, paints, safety matches, 
paper, papier-machfe, soap, acourmg-powders, 
tooth-powders, etc. Tused with calcium and 
magnesium borates it yields a non cracking 
glass for glazes and enamels, which can also 
be used for painting on glass. As & sourco of 
silica, it is used in the preparation of sodium 
silicate, ultramarine, smalt, etc. Finally, as 
an abrasive (y.v.) it, particularly the tnpohte 
variety, is used for polishing metals and stoves. 
(Ref. B. Dammer ana O. Tietze, “ Die Nutzbaren 
Jlmeralien,” Stuttgart, 1913, 1; “Diatomaceous 
Earth,” Imp. Inst. London, 1928.) 

L. J. S. 

OIAZ1NES i>. Azises. 

DIAZO- COMPOUNDS. Theso organic 
substances, like the azo* compounds, contain the 
characteristic group — N, — , but whereas in the 
latter series this bivalent radical is invariably 
attached to two carbon atoms, C-N^-C, in the 
former it is generally, although not invariably, 
combined with only one carbon atom, the other 
valency being satisfied by : (1) sn electro negative 
ion Ac in the diazonium salts C-N,-Ac ; (2) an 
oxygen atom in the diazohydroxides (“ diazo- 
hydrates ") C-N,-OH and diazo -oxides (‘‘ diazo - 


tales ”) C-Nj-OR; (3) a nitrogen atom in 
diazoamines (diazoamino- compounds) 
C'N,'NHR 

and diazoimines (azimino-compounds), which 
when derived from ortto-diamines have a cyche 
configuration C-NyNH-C, whereas those from 
para -diamines are sometimes given a quinonoid 
structure N,-.CC:NH ; (4) a sulphur atom in 
diazosulphonates C-N.-SO.K, and diazosul- 
phides C‘N t -S-N,-C. 

The diazocyanides C-N a -CN contain the azo- 
group attached to two carbon atoms, one of 
which belongs to a cyanogen group, and these 
compounds which, in general, are distinctly 
coloured, form an intermediate group between 
the foregoing diazo- derivatives and the azo- 
compAunds. 

Certain aliphatic diazo- compounds (». infra) 
contain the group — N, — attached by two 
principal valencies to tho same carbon atom. 

I. Diazonium Salts, 

These diazo derivatives aro generally, but 
not exclusively, prepared from aromatic ammei, 
and the process, which is termed diazolisation, is 
earned out with tho undissocmtod salt of the 
amine, and not with tho freo base In a hydro- 
lysing solvent like water, it is therefore custo 
mary to diazotiso aniline and its derivatives 
with sodium nitrite (1 mol ) and excess (2} to 3 
equivalents) of mineral acid. 

The scientific and teohnical utility of the diazo 
reaction depends on the ease and rapidity with 
which three hydrogen atoms of the salt of an 
aromatic primary amine are replaced by 
nitrogen from nitrons acid to form the corre- 
spending diazonium salt : 

ArNHjCM-HO-NO«ArN,Cl-l-2H,0 

Abomatic Diazonium Salts. 

The diazotisation of tho benzenoid and 
naphthalenoid amines is frequently carried out 
on a manufacturing scale owing to the employ- 
ment of aromatic diazonium salts in tho pro- 
duction of azo- colouring matters. During the 
first decade* of the present century more than 
1,000 tons of para nitramline were diazotwed 
annually in tho production of *' para-nitramlmo 
red.” Since J920 this diazonium salt lias been 
partly replaced by other diazo- derivatives which 
give azo-pigments faster to light, chlorine, and 
kier boiling. 

The aromatic baso is dissolved in dduto 
hydrochlorio or sulphuric acid (3 equivalents in 
10-20% aqueous solution) and the solution 
treated with an equivalent quantity (1 mol ) 
of sodium nitrite in 10-20% solution. The 
diazotisation is completed when the liquid con- 
tains a slight excess of nitrous acid as indicated 
by starch and iodide paper. 

With aruhno and its homologuei, tho tern* 
perature of the diazo- solution is generally 
maintained at O-S’ to prevent, so far as possible, 
the decomposition of the unstable diazoniuco 
salt, but in other cases, eg. the nitranilmes, 
naphthylaminea, benzidine and other diphenyl 
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bases, the diazotisation is carried out most 
readily at 10°. The aminoanthraquinones are 
diazotised at 30-40° (Schaarsehmidt, Ber. 1916, 
49, 2678). 

In alcoholic or acetic acid solution, diazotisa- 
tion can be effected on the salt of the amine 
without using an excess of acid, and ethyl or 
amyl nitrite may, with advantage, be substituted 
for sodium nitrite. Gaseous methyl nitrite 
which has been employed in certain diazotisations 
(J.C.S. 1913, 103, 1398), is very readily prepared 
and is a cleaner reagent than amyl nitrite. 

When treated with sodium nitrite, aniline 
hydrochloride in presence of excess of cold 
hydrochloric acid yields benzenediazonium 
chloride, whereas in absence of this excess of acid 
it furnishes diazoaminobenzene. 

A product antecedent to either of these 
diazo- derivatives has been detected by Earl 
and Hall (J. Proc. Hoy. Soc., New South Wales, 
1933, 66, 455), who added 1 mol. of aniline 
hydrochloride in 40% aqueous solution at —8° 
to about 1*5 mols. of sodium nitrite in 50% 
aqueous solution covered with ether and cooled 
to —15°. A white precipitate separated and 
dissolved forthwith in the organic solvent. This 
ethereal solution was dried over anhydrous 
sodium sulphate and the ether removed under 
reduced pressure, when a mass of white needles 
separated consisting of aniline nitrile, 

c 6 h 5 -nh 2 ,hno 2 

(yield about 60%). This salt becomes yellow at 
room temperature, and its aqueous solution 
rapidly deposits diazoaminobenzene. 

Benzenediazonium chloride, C B H S -N 2 CI, 
the simplest examplo of an aromatio diazonium 
salt, is prepared by adding the calculated quan- 
tity of amyl nitrite to aniline hydrochloride 
suspended in glacial acetic acid at 10° ; it is pre- 
cipitated from the clear solution thus obtained 
by the addition of ether. 

Benzenediazonium sulphate, 

c 6 h 6 -n 2 -hso 4 , 

is prepared in a similar manner from aniline 
sulphate suspended in glacial acetic acid, the 
precipitation being effected with alcohol and 
ether. 

Benzenediazonium nitrate, 
C B H 5 -N 2 -N0 3> 

which was first precipitated from aqueous solu- 
tion by ether and alcohol (Griess, Annalen, 1866. 
137, 39), can also be produced in alcoholic or 
glacial acetic acid solution (Knoevenagel, Ber. 
1890, 23, 2995 ; Bamberger, ibid. 1896, 29, 446 ; 
Hirsch, ibid. 1897, 30, 92; Hantzsch and 
Jochem, ibid. 1901, 34, 3337). 

Diazonium salts have been obtained with a 
large variety of anions : plalinicMorides, auri- 
chlorides, stannichlorides, ferricyanides, nitro- 
prussiates (Ber. 1879, 12, 2119 ; 1885, 18, 965), 
chromates (Jahresberichte, 1867, 915; J.C.S. 
1905, 87, 1), carbonates and nitrites {ibid. 1905, 
87, 921), fluorides (Ber. 1903, 36, 2059), per- 
chlorates {ibid. 1906, 39, 2713, 3146), picrates 
(J.C.S. 1907, 91, 1316), azides {ibid. 1910, 
97, 1697; Ber. 1903, 36, 2056), thiosulphates. 


tungstates (J. Soc. Dyers and Col. 1901, 17,. 279), 
thioacetates (Monatsh. 1907, 28, 247), boro- 
fluorides (G.P. 281055) (v. Vol. II, p. 43), phospho- 
molybdates and tungstates (J.C.S. 1909, 95, 1319), 
arylsulphinates (Ber. 1911, 44, 1415), zinci- 
chlorides, Rev. G4n. Mat. Col. 1914, 18, 4). 

The zincichlorides are frequently used for 
stabilising diazo- compounds. Diamsidine 
hydrochloride is bisdiazotised in acid solution to 
which zinc chloride is added, when the crystalline 
double zinc salt (MeO-C„H 3 -N 2 CI) 2 ZnCI 2 
separates. A stabilised diazo- mixture is pro- 
duced by mixing this zincichloride with partially 
dehydrated aluminium sulphate or Bodium 
naphthalene tetrasulphonate and drying at 
40° to 60° (B.P. 238676). 4-A minodiphenyl- 
amine and its derivatives give stable diazonium 
zincichlorides and the technical product 
variamine blue salt is of this type. 

Diazonium chlorides added to a hydrochloric 
acid solution of leadtetrachloride furnish a yellow 
crystalline precipitate diazonium plumbichloride, 

(ArN 2 ) 2 [PbCI 6 ], 

which on heating with alcohol gives the chloro- 
derivative ArCI (Chattaway, Garton and 
Parkes, J.C.S. 1924, 125, 1981). 

All diazonium salts are endothermic com- 
pounds and are liable to explode in the dry state 
(Berthelot and Vieille, Compt. rend. 1881, 92, 
1076 ; Sventoslavsky, Ber. 1910, 43, 1497) and in 
some cases the explosion point has been deter- 
mined (Ber. 1899, 32, 1691; 1900, 33, 527). 
The diazonium chromates and perchlorates 
decompose with considerable violence, and the 
former have been suggested as explosives (Bull. 
Soc. chim. 1867, ii, 7, 270; F.P. 73286). 

Bisdiazonium salts (Tetrazo- salts). These 
compounds are produced from aromatio di- 
amines. 

When the two amino- groups are in the same 
aromatic nucleus, complete diazotisation is 
effected only with some difficulty. Meta- 
phenylenediamine hydrochloride and sodium 
nitrite furnish the azo- colouring matters 
included under the term “ Bismarck brown ” 
(Ber. 1897, 30, 2111, 2899 ; 1900, 33, 2116), but 
when a solution of the base in excess of hydro- 
chloric aoid is added quickly to a largo excess of 
well-cooled aqueous nitrous acid, complete diazo- 
tisation takes place and benzene-m-bisdiazonium 
chloride, C 6 H 4 [N 2 'Cl] 2 ,is produced. When the 
nitrite is added quickly to the diamine hydro- 
chloride, nitroso-m-phenylenediamine results. 
Para-phenylenediamine hydrochloride, when di- 
azotised in the usual way, gives a mixture oi 
diazonium and bisdiazonium chlorides, but when 
the hydrochloride is added to excess of nitrous 
acid, benzene-p-bisdiazonium chloride is obtained. 

Schoutissen (J. Amer. Chem. Soc. 1935, 55, 
4535) has obtained evidence of the diazotisability 
of o-phenylenediamine by treating the diamine 
in sulphuric aoid withnitrosylsulphuric acid and 
phosphoric acid, for he obtained a small yield of 
o-diiodobenzene on adding potassium iodide. 
Hodgson and Walker have bisdiazotised all 
three phenylenediamines by adding the glacial 
acetic acid solutions to nitrosyl sulphuric acid. 
On applying the Sandmeyer reaction they ob- 
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tamed from o phenylenedi&mine a 70% yield of ' 
o-dichlorobenzene (J.C.S 1935,630). 

In the naphthalene senes, 1 4-naphthylene- 
diamine is diazotised -with difficulty, owing to its ! 
oxidisabikty, but m producing its azo- deriva- 
tives this difficulty is surmounted by working 
with its monoacyl- derivatives and diazotising 
in two stages with an intervening hydrolysis 
(B.P. 18783, 1891). The heteronucleal naphthy- 
lenediaminee, excepting the 1:8- compound, can 
be completely diazotised, yieldmg naphthalene- 
bisdiazonium salts (Ewer and Pick, G.P. 45549, 
45788; Badiache Anilin und Soda Fabnk, 
G P, 130475 ; Morgan and Micklethwait, J.C S. 
1910, 97, 2558). Benzidine, tohdine, dianiaidme, 
and ether similar heteronuclear diamines of the 
diphenyl and ditolyl series are readily diazotised, 
furnishing bisdiazonium salts (e g, diphenyl- 
l)»sti»azoniimcMoride,C! Nj C 8 H 4 C<|H 4 N, Cl), 
which arc employed in the manufacture of sub- 
stantive azo- dyes. 

Thu upper limit of diazotisability m the 
benzene senes haa been determined by a study of 
tnaminomeaitylena (I), which when treated 
with mtroayl sulphate m strong sulphuric, acid 
gives indazole derivatives. However, diazo- 
tisation of this tnanuno was successfully 
effected m aqueous hydrochloric acid, when even 
with a large excess of acid and mtnte only two 
of the three amino groups became diazotised 
concurrently, and this twofold diazotisation was 
demonstrated by isolation of amworarsitylene- 
bisdiazomumaunchlonde(Il) and aminomesity- 
lene bisaioinnde (bis-tnazomesidine III). The 
latter compound was produced by adding sodium 
azide to tho diazo- solution. 


NH, 



jCl (or AuCI,) 

MelJMe 

NjCl {or AuCJJ 

II. 


Me 

Mno, 

Mel JMe HN, 


Me 

nh/^b, 

Mel JMe 


IV. 


III. 


The non-dlazotiaabihty of the third amino- 
group is not due to steric hindrance, for when 
thB bisdiazonium radicals have been replaced 
by two tnazo groups the resulting blstriazo- 
mesidine can still bo diazotised, and on further 
treatment with sodium azide its diazonium salt • 


gives tristriazotaesiiylene {IV), a compound 
having the remarkable molecular formula 
H»C # Nj, which suggests a polymeride of prussic 
acid, although this coincidence is merely 
numerical and not chemical (Morgan and Davies, 
J.CS. 1923, 123. 228). 

In an analytical study of the titration of 
aromatic amines by the diazo- reaction it was 
found that 1-3 5 -tnamino benzene in hydro- 
chloric acid solution gave figures corresponding 
with threefold diazotisation ; 2.4 fl-tnamino- 
chloro benzene was completely diazotised only in 
alcoholio solution (Phillips and Lowy, lnd. 
Eng. Chem. [Anal.], 1937, 29, 381). 

Velocity ok Diazotisation. — Under tlio 
usual experimental conditions, diazotisation 
proceeds with great rapidity, but in jV/1000 
solutions, the velocity of this reaction has been 
determined by a colorimetric method for estimat- 
ing the free nitrous acid. The reaction is of tho 
second order, and the values of the constant 


p toluidme, and 0 041 for m-xylidine, with one 
molecular proportion of free acid at 0 f> . At 
higher temperatures the rato is increased 
(Hantzsch and Schumann, Ber 1899, 32, 
1091 ; 1900, 33, 527 ; Tossilly, Compt rend. 
1913, 157, 1148; 1914, 158, 335, 489). Both 
colorimetric and electrolytio determinations of 
the velocity of diazotisation show that, in tho 
absence of disturbing influences, all the aromatic 
amines aro diazotised at the some rate 

Alternative Methods or Producing Aro- 
matic Diazonium Salts — Nitrosyl chloride or 
bromide has been suggested as a diazotising 
agent (Tilden and Millar, Chem. Soc. Proc. 189b 
59; Kastle and Keiser, Amer. Chem. J. 1895, 
17, 91). Nitrosyl sulphate has been used with 
advantage (Pabst and Girard, D.S.P. 0034; 
Ber 1879, 12,365; Morgan and Micklethwait, 
J C.S 1910, 97, 2558). This reagent or sodium 
mtnte dissolved in concentrated sulphuric acid is 
employed in diazotising slightly basic amines 
(Morgan and Evens, J.CS. 1919, 110, 1130; 
cf. J. pr. Chem. 1000, [u], 74, 275). Barium 
nitrite, when employed in conjunction with 
sulphuric acid, furnishes diazo- solutions free 
from inorganic salts {Witt, Ber. 1903, 38, 4383). 
The last-named investigator haa brought 
forward an interesting process which consists in 
dissolving the base in cold concentrated mint 
acid and adding the calculated amount of 
potassium melabisulphite required to produce 
sufficient nitrous acid for the diazotisation {Ber. 
1909, 42, 2953). 

For unsubstituted aromatic amines the direct 
method of diazotisation by adding nitrite to 
the cold acid solutions is generally efficacious, 
but for amines containing rutro-, carboxyl-, or 
aulpbomo groups the inverted method of 
mixing the amine with mtnte and running 
this mixture in cold acid is preferable. Highly 
substituted amines, such as 4 cMoro 2 3* 
dimtramhne and picramide (2 4 6-tnnitroaniline) 
are dissolved in glacial acetic acid and treated 
with nit rosybulph uric acid (Misslin, HtW. 
Chun Acta, 1020, 3, 020; Blangcy, i bid. 
1925, 8, 780). Schoutisscn dissolved highly 
substituted bases in sulphuric acid and added a 
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solution of nitrosyl sulphuric acid in the same 
acid. Diazotisation was promoted by diluting 
the solution with phosphoric acid (sp.gr. 1-70) 
at 0° (J. Amer. Chem. Soc. 1933, 55, 4531 ; 
Eec. trav. chim. 1935, 54, 97). Similar methods 
are used to diazotise amines of the anthraquinone 
series (J. pr. Chem. 1906, [ii], 74, 275 ; Ber. 1904, 
37, 4185). 

In the diazotisation of 2:4-dinitro-a-naphthyl- 
araine the process is usually attended by the 
elimination of the orlho- nitro- group, and a 
similar change occurs in the case of certain dini- 
troanilines. In order to avoid this formation of 
diazo- oxides it is suggested to diazotise such 
feeble bases in cold acetic acid with a solution of 
sodium nitrite in concentrated sulphuric acid. 
Even 2:4:6-trinitroaniline (picramide) can be 
diazotised by this process. 

This mode of diazotisation may also be 
employed in converting 2:4:6-trinitro-m-pheny- 
lenediamine into its bisdiazonium salt (Misslin, 
Helv. Chim. Acta, 1920, 3, 626; Meyer and 
Tochtermann, Ber. 1921, 54, [B], 2283). 

Diazonium bromides are formed by the inter- 
action of hydrazines and diazonium perbromides 

2R-N 2 Br 3 +RN 2 H 3 =3R-N„-Br+3HBr 

(Chattaway, J.C.S. 1908, 93, 958). An electro- 
lytic process for the production of diazonium 
salts has been patented (Boehringer & Sons, 
D.R.P. 152926, and B.P. 2608 of 1904). 

Diazonium salts can also bo prepared from 
compounds not containing amino- groups ; 
mercury diphenyl and nitrous fumes give 
benzenediazonium nitrate (Ber. 1897, 30, 509), 
and the same salt is produced from nitroso- 
benzeno and nitric oxido in chloroform solution 
(ibid, 1898, 31, 1528). 

Aniline nitrate is transformed into benzene 
diazonium chloride by zinc and hydrochloric 
acid (Mohlau, Ber. 1883, 16, 3080) or by titanous 
chloride (Knecht, J.C.S. 1924, 125, 1537). 

Certain complex or highly substituted amines 
resist diazotisation unless treated under pressure 
(D.R.P. 143450) or with excess of nitrous and 
mineral acids (Annalen, 1873, 165, 187 ; 1891, 
260,224; Ber. 1900, 33, 520). 

(For indirect methods of forming diazonium 
salts, v. Annalen, 1879, 199, 320; 1888, 243, 
282; 1892,270,116; Ber. 1893, 26, 2190 ; 1899, 
32, 1809; 1900, 33, 1718; J. pr. Chem. 1896, 
[ii], 54, 496 ; Gazzetta, 1900, 30, 1626 ; Bull. 
Soc. chim. 1891, [iii], 6, 94.) 

Fuming nitric acid reverses the couplihg pro- 
cess and regenerates the diazonium salt from its 
azo- derivatives (Meldola, J.C.S. 1889, 55, 608; 
1894, 65, 841 ; O. Schmidt, Ber. 1905, 38, 
3201). Diazonium chlorides are regenerated 
from azo-dyes by decomposing the latter with 
chlorine or hypochlorous acid (J. pr. Chem. 
1912, [ii], 85, 325. 

Reactions of Aromatic Diazonium Salts. 

In addition to their power of coupling with 
phenols, aromatic amines and their sulphonic 
acids to form the technically important azo- 
colouring matters, the diazonium salts are 
synthetical agents of the greatest value, and the 


following is a synopsis of the principal reactions 
in which they take part : 

1. Decomposition of Diazonium Salts 
by Water. 

(t>. Ber. 1874, 7, 1061; 1894, 17, 2704; 
1899, 32, 1773 ; 1890, 23, 3635 ; 1902, 35, 89 ; 
J. pr. Chem. 1881, [ii], 24, 476 ; J.C.S. 1902, 81, 
77; 1903,83, 688; 1905,87,5; 1906, 89, 19). 

The decomposition of soluble diazonium salts 
by water is a unimolecular reaction, and is 
represented by the well-known equation : 


The relative stability of the diazonium salts 
is ascertained by comparing the values of the 
constant h for a given temperature. The most 
successful method of making this determination 
consists in heating solutions of the diazo- com- 
pounds at a fixed temperature, and measuring 
the rate at which nitrogen is evolved. 

These quantitative decompositions show that 
the diazonium salts from aniline and ortho- 
and meta-toluidine are among the least stable 
of the series, whereas considerably greater 
stability is exhibited by the diazotised nitrani- 
lines and the diazonium sulphonates derived 
from the benzenoid and naphthalenoid amine- 
sulphonic acids. 

The rate of decomposition of diazo- com- 
pounds increases with the temperature and in 
accordance with Arrhenius’s formula for the 
temperature coefficient (v. Chemical Affinity, 
Vol. II, p. 532) 


. _E/I JA 
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The rate of decomposition is independent of 
the quantity of mineral acid present, and equiva- 
lent solutions of benzenediazonium chloride, 
bromide, sulphate, nitrate, and oxalato decom- 
pose with the same velocity ; this change is, 
however, accelerated by colloidal platinum or 
silver, owing to catalytic action (Hantzsch, Ber. 
1900, 33, 2517; Hausser and Muller, Bull. Soc. 
chim. 1892, [iii], 7, 721 ; 1893, 9, 353 ; Compt. 
rend. 1892, 114, 549, 669, 760, 1438; Schwalbe, 
Z. Farb. Ind. 1905, 4, 433 ; Ber. 1905, 38, 
2196, 3071; 1909, 42, 196; Cain, J.C.S. 1902, 
81, 1412; 1903, 83, 206, 470; 1905, 38, 2511 ; 
Euler, Annalen, 1902, 325, 292 ; Veley and Cain, 
Trans. Faraday Soc. 1909, 5, 1). 

In general, the decomposition of a diazonium 
salt by water leads to the formation of a phenol : 


r-n 2 -hso 4 +h 2 o=r-oh+ h 2 so 3 +n 2 


The sulphate is the best salt to employ in 
this reaction, because the chloride and nitrate 
are apt to lead respectively to alternative or 
secondary changes. Benzenediazonium sul- 
phate and its homologues furnish phenol and 
the cresols and xylenols ; diphenyl-4:4'-bis- 
diazonium sulphate gives rise to 4:4'-dihydroxy- 
diphenyl. Aurin is similarly obtained from 
diazotised rosaniline (Annalen, 1878, 194, 306). 

In certain cases, more especially in the 
naphthalene series, the product is contaminated 
by azo- compounds, resulting from the coupling 
of the hydroxy- derivative with a portion of the 
still undecomposed diazonium salt (J.C.S. 
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1003, 83, 221). To obviate this difficulty, 
*o far aa possible, excess of acid is used in the 
decomposition. The manufacture of the o- 
naphtholaulphonio acids (c g. OH : SOjH^l : 4 
ana 1:8) from the corresponding a-napbthyl- 
annnesulphonie acids furnishes typical examples 
of the technical application of the process. 
When the phenolic product is volatile in steam, 
the normal change is facilitated by operating with 
solutions boiling above 100°. A good yield of 
gu&iacol is obtained by adding the diazo- salt of 
ortho amsidine to a mixture of sodium sulphate 
and dilute sulphuric acid boding at 135-145®, 
the volatile product being removed at the 
moment of formation (Kalle & Co , B.P. 7233 of 
1897 ; ef. Annalen, 1889, 253, 281 ; Ber. 1874, 
7, 1008 ; D.R.P. 167211 ; J.CS. 1906, 89, 19 ; 
ef. Willstitter and Schudel, Ber. 1918, 51, 782). 

Secondary reactions occur even in the sim- 
plest cages where the boiling is protracted (Ber. 
1890, 23, 3705), end in many instances, owing 
to the great stability of the diazo- compound, 
pot ft trace of the hydroxy- derivative can be 
isolated (Amer. Chem, J. 1889, 11, 319, Cam, 
J C.8. 1003, 83, 688). 

(For other exceptional decompositions of 
diazo- compounds by water, v. Ber 1874, 7, 1061 , 
1884, 17, 2704 ; 1899, 32, 1773 ; 1902, 35, 89 , 
J.C.S. 1896, 69, 1327 ; 1902,81,77; 1905,87,6, 
1906, 89, 19). 

The diazo compounds are very sensitive to 
light, which induces the phenolic decomposition 
even in certain cases where the action of hot 
water or acids ia very slight (J.C.S. 1907, 91, 
35 ; cf. Compt. rend. 1881, 92, 1074 ; Ber. 1890, 
23,3131; 1901,34,1668; D R.F. 53455, 56606 , 
J.S.C.1. 1890, 9, 1001). 

2. Decomposition of Diazonium Salts by 
Alcohols. 

The reaction between diazonium salts and 
alcohols may proceed in two different ways : 

1. RN.X+C.H.-OH 

-R*H+CH,CHO+N,+HX 

2. R N t X+CjHjOH-R O C ft H t -fN s -fHX 

The former of these changes was originally re- 
garded as the general reaction, but more recent 
researches have shown that the second is the 
normal change. The factors determining the 
course of the reaction are, however, numerous 
and complicated, involving (1) the nature of the 
alcohol; (2) the influence of Bubstituents in the 
diazonium salt ; (3) the pressure and tempera- 
ture at which the decomposition is affected. 

The tendency to replace the diazo- group by 
hydrogen increase* with the molecular weight of 
the alcohol employed. Benzenediazonium chlor- 
ide or sulphate and methyl alcohol give arusole 
exclusively. With ethyl alcohol, these salts 
yield chiefly phenetole, but benzene is also pro- 
duced. The diazonium sulphates from p chloro- 
and p-bromo aniline furnish only p-chloro- and 
p-broroo-benzene with ethyl alcohol, but with 
methyl alcohol they give rise mainly to the 
methyl ethers of p-chloro- and p bromo-phenol 
(Amer. Chem. J. 1898, 20, 229; ef. Annalen, 
1871, 159, 101; Ber. 1901, 34, 3337; 1903, 33, 
2061 ; Amer. Cbcm. J. 1893, 15, 518 ; 1897, 19, 
531,547,661). 


The diazo- salts of the simpler amines 
(aniline and its hoinologuea) react chiefly in the 
direction indicated by the second of the fore- 
going equations, and yield mixed ethers, but the 
presence of acid substituents 

(Cl. Br, NO,. CO,H, NH SO,R) 
favours the predominance of the first change. 
The nitranilineB (ortho-, mita-, and para-) give 
respectively 87, 51, and 40% of nitrobenzene, 
the 1:2-, 2:1-, and 1-4-iutronaphthylammea 
furnish the corresponding nitronaphthalenea, 
whereas a - and 8 naphthylamines yield n- and 
p ethoxynaphthalenes (Remsen and others, Ber. 
1885, 18, 65; Amer. Chem. J. 1880, 8. 213; 
1887, 9, 587; 1891, 13, 153; 1892,14,15). 

The yield of alkyl ether increases with rise 
of pressure, but the addition of zinc-dust or on 
alkali (sodium hydroxide or ethoxidc, potassium 
carbonate) inhibits almost entirely tne forma- 
tion of mixed ether and leads to the substitution 
of the diazo group by hydrogen (Amer. Chem. J. 
1893, 15, 105, 301, 320, 379; 1894, 10, 235; 
1895, 17, 454; 1897, 19, 163, 531; 1898, 20, 
298; 1904,31,119) 

The simultaneous elimination of two diazonium 
groups by the reducing action of ethyl alcohol 
has been applied successfully to a senes of 
heterocyclic diamines, the diamino-cychc 1:3- 
diaz&linee, of which the following base (formula 
I) is the simplest example. This diamine and its 
analogues are diazotised by Schoutisscn’s method 
with citroayl sulphuric acid in concentrated 
phoaphonc acid and after dilution the soluble 
bisdiazomum salt is reduced in solution by 
boiling alcohol. The resulting cyclic 1 3-diazal- 
me (formula II) is extracted with ether (Morgan 
and Stewart, J.C.S. 1938, 1292). 



3. Replacement of the Diazo- Group by 
Hydrogen. 

In addition to the action of alcohol, the 
diazo- group can be eliminated by the use of a 
variety of reducing agents : 

(i) The diazonium salt is reduced to the corre- 
sponding hydrazine and the hydrazine- group 
NH-NH, removed by boding with copper 
sulphate (Baeycrand Pfitzinger, Ber, 1885, 18, 90, 
786). a -.u 

(u) Reduction of the diozo- compound wun 
alkaline toditim stannite (FricdlSnder, Ber. 1889, 
22,587). , . 

(lii) By various other reducing agents, 
slannout formate (Ber. 1885, 18. 357; J- P r - 
Chem. 1889. fii], 40, 97), hypophosphorous aeul 
(Ber. 1902, 35, JC-’), todtum hyposulphite (■»“• 
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1907, 40, 858), formic acid and copper powder 
(ibid. 1890, 23, 1632), aluminium powder in 
alcohol (Morgan and Evens, l.c.). 

4. Replacement of the Diazo- Group by 
Halogen, Cyanide, Cyanate, and Thio- 
cyanate Radicals. 

Fluorine may be introduced into the aromatic 
nucleus in place of the diazo- group by treating 
the diazonium salt with hydrofluoric acid. 
Diazoamind- compounds (v. infra) are also 
employed in bringing about this replacement, 
and when treated with concentrated hydro- 
fluoric acid they yield the corresponding fluoro- 
derivative ; fluorobenzene is thus produced 
from diazoaminobenzene or diazobenzene- 
piperidide (J. pr. Chem. 1870, [ii], 1, 395 ; Ber. 
1875, 8, 893 ; 1879, 12, 581 ; 1889, 22, 1846). 

A general and more convenient method of 
introducing fluorine into the aromatic nucleus 
consists in adding 40% borofluoric acid to the 
diazo- solution from the aromatic base when the 
corresponding aryldiazonium borofluoride is pre- 
cipitated. These borofluorides are generally 
very stable salts ; they are not explosive and 
may be crystallised from warm water. When a 
diazonium borofluoride is gently heated it 
evolves nitrogen and boron trifluoride, whilst 
fluorine replaces nitrogen in the aromatic ring. 
Thus benzenediazonium borofluoride (decom- 
posing at 121-122°) furnishes fluorobenzene, 
b.p. 85°/760 mm. Tolueno-p-diazonium boro- 
fluoride (decomp. 110°), m-xylene-4-diazonium 
borofluoride (decomp. 108°), and naphthalene-a- 
diazonium borofluoride (decomp. 113°) give 
respectively p-fluorotoluene, 4-fluoro-m-xylene, 
b.p. 143-144°, and a-fluoronaphthalene, b.p. 
110°/17 mm. 

The bisdiazonium salts from benzidine yield 
the corresponding bisdiazonium borofluoride 
(95% yield, decomp. 137-138°), and this salt is 
pyrolysed into 4:4'-difluorodiphenyl (b.p. 115- 
116°/U mm., 80% yield). 

m- and p-Phenylenediamines are similarly 
converted into bisdiazonium borofluorides which 
yield respectively m-difluorobonzene, b.p. 82- 
83°/752 mm., m.p. —59°, and p-difluoro- 
benzene, b.p. 88-5°/767 mm., m.p. -13° (Balz 
and Schiemann, Ber. 1927, 60, [B], 1186 ; Schie- 
mann and Bolstad, ibid. 1928, 61, [B], 1403 ; cf. 
ibid. 1929, 62, [B], 1794, 1805; 1930, 63, [B], 
3035). p-Nitrobenzenediazonium borofluoride 
decomposes smoothly into p-fluoronitrobenzene. 

The first really successful process for re- 
placing the diazo- group by chlorine (or bromine) 
was discovered by Sandmeyer ; it consists in 
adding the diazotised solution to cuprous 
chloride (or bromide) dissolved in warm hydro- 
chloric (or hydrobromic) acid, when nitrogen is 
ovolved and the corresponding chloro- or bromo- 
derivative is produced (Ber. 1884, 17, 1633, 
2850; 1885, 18, 1492, 1496; 1886, 19, 810; 
1890, 23, 1628, 1880; Annalen, 1893, 273, 
141). 

The fi rs fc stage in the Sandmeyer reaction is 
considered to be the formation of an additive 
c °? a P. ou nd of diazonium salt and cuprous 
chloride ; the decomposition of this inter- 
mediate product proceeds readily only above a 
certain temperature, which is different for each 
diazonium salt (Erdmann, Annalen, 1893, 272, 


141 ; cf. Votocek, Chem. Zeit. Rep. 1896, 20, 
70; Hantzsch and Blagden, Ber. 1900, 33, 
2544). The substitution of bromine for diazo- 
nitrogen follows a similar course (Phil. Trans, 
1864, 154, 673 ; Annalen, 1866, 137, 49; Amer. 
Chem. J. 1891, 13, 486 ; Gazzetta, 1890, 20, 
631). 

The foregoing substitutions are also effected 
by the addition to solutions of diazonium 
chlorides or bromides of finely divided copper 
or the copper bronze of commerce (Gattermann, 
Ber. 1890, 23, 1218; 1892, 25, 1074; Ullmann, 
ibid. 1896, 29, 1878 ; cf. Angeli, ibid. 1891, 24, 
952). ' 

Iodine is readily substituted for the diazo- 
complex by treating the acid diazo- solutions 
with potassium iodide even in the absence of 
copper or cuprous salts. 

As an alternative to the Sandmeyer and 
Gattermann reactions, the replacement of a 
diazonium group by chlorine or bromine is 
effected by converting the diazonium salt either 
into mercurichloride by adding mercuric chloride 
in aqueous potassium chloride or into mercuri- 
bromide by adding mercuric bromide or nitrate 
in aqueous potassium bromide. The double 
diazonium mercurihalide is dried by washing 
with acetone, methyl alcohol or ether, mixed 
with twice its weight of potassium chloride or 
bromide and heated until the diazo- compound 
is completely decomposed. This procedure is 
effective in tho following cases : 2:2'-diamino- 
diphenyl (2:2'-xenylonediamine) is converted 
into 2 :2'-dichlorodiphenyl or 2:2'-dibromodi- 
phenyl (yield 80%) ; p-bromobenzonediazonium 
bromide with mercuric bromide and potassium 
bromide gives p-dibromobenzene, and /5-naph- 
thyl amine is converted similarly into 2-bromo- 
naphthalene (yield 65%). The double diazonium 
salts with antimony trichloride and stannic 
chloride may be utilised in a similar manner 
(Schwechten, Ber. 1932, 65, [B], 1605). 

Benzenediazoninm chloride when treated with 
potassium and mercuric iodides in methyl 
alcoholic solutions yields successively 

C e H 6 -N 2 -Hgl 3 and (C 6 H B N 2 ) 2 Hgl 4 . 
Both are yellow compounds decomposing 
at 63-64° and 65° respectively. When 
maintained at the ordinary temperature these 
mercuric iodides pass mainly into iodobenzene 
and mercuric iodide with loss of nitrogen, hut in 
addition the former gives a 10% and the latter a 
3% yield of diphenyliodonium tri-iodomercuriate 
[(C 6 H 5 ) 2 l]Hg[ 3 , yellow crystals, m.p. 171-8° 
(Nesmejanov, Z. anorg. Chem. 1929, 178, 300). 

The Sandmeyer reaction includes the im- 
portant synthetical operation of replacing the 
diazo- group by a cyanide radical, the diazo- 
nium salt being added to a warm solution of 
potassium cuprocyanide. The Gattermann pro- 
cess is also applicable to this synthesis, the 
addition of copper powder to a mixture of 
diazonium salt and potassium cyanide inducing 
a s imil ar replacement. The cyanate radical is 
introduced in the place of the diazo- group by 
adding successively to a solution of diazonium 
salt, potassium cyanate and copper powder 
(Gattermann, Ber. 1890, 23, 1218 ; 1892, 

25, 1086). The thiocyanate group is introduced 
by adding potassium thiocyanate and cuprous 
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thiocyanate to a solution of diazomum sulphate 
(Gattcrmann and Hausaknecht, Ber. 1890, 

738 ; Thum&uer, »6id. 770). 

Although cuprous halides are employed 
in the Sandmeyer reaction for replacement 
of dia 20 > group by chlorine or bromine, nickel 
cyanide Is better than cuprous cyanide for the 
Introduction of cyanogen, and ferric salts are 
tho best catalysts for introdnetion of the thio- 
cyanogen (CNS) group (Compt. rend. 1926, 
183,421). 

5. Replacement of the Diazo- Group by 
Sulphur and Sulphur-containing Radicals. 

Theso reactions are of importance as furnish- 
ing methods for the synthetical production of 
aulphomc acids. 

Thiophenols or disulphides are obtained by 
treating diazonium salts with potassium xanth- 
ato and then hydrolysing the resulting aromatic 
xanthate (Leuckart, J. pr. Chcm. 1890, fii], 41, 
170 ; cf. Klason, Ber. 1887. 20, 349 ; Walter, 
Chem. Soc. Proc. 1895, 11, 141). Phenyl sulphide 
is produced by treating bcnzenediazomum salts 
with hydrogen sulphide or ammonium sulphide 
(Graebe and Mann, Ber 1882, 15, 1083). 
Benzenoid diazomum salts yield sulphides 
on treatment with sodium cuprous thiosulphate, 
but diazotiaed a naphtbylamine only gives 
a-azonaphthalene (Bomstein, Ber. 1901, 34, 
3968). 

The replacement of & diazomum by a sul 
phime group is effected by saturating with 
sulphur dioxide an acid solution of diazomum 
sulphate and adding copper powder; nitrogen 
is evolved and tho resulting sulphimc acid ex 
tracted with ether (Gattermann, Ber 1899, 32, 
1136 ; B P. 26139 of 1896 ; DRP 95830) 

The foregoing thiophenols, disulphides and 
sulphimc acids yield the corresponding sulphonic 
acids on oxidation (D.R.P 70280; BP 11865 of 
1892). 

6 Replacement of the Dlazo- Group by 
Nifro*, Nltroso-, and Amino- Radicals. 

Tho introduction of a nilro- group is brought 
about cither by heating the diazomum salt with 
nitrous acid and cuprous oxide or by mixing the 
diazonium sulphate with cupro-cupnc sulphite 
and adding excess of alkali nitrite By the 
latter process, 2 4 6-tnbromobenzenediazonium 
sulphate gives 65% of 1-mtro 2 4 6 tnbromo 
benzene and diazotired ft naphthylamine gives 
25% of j8 mtronaphthalene, a substance pre- 
pared with considerable difficulty by other 
processes (Sandmeyer, Ber. 1887, 20, 1407 ; 
liantzseh and Blagden, 1900, 33, 2544) The 
diazomum borofluondes have been utibsed in 
effecting a replacement of the diazo- group by a 
mtra-rodical. A thin aqueous paste of tho boro 
fluoride was added to a suspension of copper m 
aqueous sodium nitrite. The following reaction 
takes place at room temperature . 

Ar N t -BF 4 + NaN0 1 =Ar-N0,+ N 1 +NaBF 4 
In this way a 64% yield of p dinitrobenzene was 
obtained from p ni tramline, and ethy) p-amino- 
benzo&te furnished a 50% yield of p-mtro benzoic 
acid (Starkey, J. Amer, Chem. feoc. 1937, 59, 
1479). The introduction of a nitroso- group is 
effected by treating a diazomum chloride with 
alkaline potassium ferricyanide (Bamberger 


and Storch, Ber. 1S93, 26, 471). The addition 
of hydroxylamine to a solution of diazonium 
salt results in the regeneration of the original 
amine (Mai, Ber. 1892, 25, 372 ; 1D02, 35 
2593, 3920). 

7. Formation of Azolmides. 

The introduction of the azimino- group N, 
into the aromatic nucleus ia effected by the 
following reactions: (1) action of hydroxyl- 
amine on diazonium sulphates (Mai, Ber. 1892, 
25, 372 ; 1893, 20, 1271 ; Forster and Fim, 
JCS. 1907, 91, 855, 1350); (2) interaction of 
ammonia and diazomum perhromides ; (3) direct 
action of sodium azide on diazonium salts in ex- 
cess of sulphuric acid (Ndlting and Michael, Ber. 
1893, 26, 86 ; Forster and Fierz, J.C S. 1907, 91, 
1942). The last of these processes is carried 
out so readily that thB production of an azimmo- 
compound may be used to estimate the number 
of diazo- groups m a diazomum salt (Meldola 
and Hawkins, Chem. Soc Free 1892, 8, 133 ; 
Morgan and MickJethwait, JCS 1910, 97, 2560), 
Aromatic azonmdes are also produced by tho 
interaction of chlorontnine, N H 2 C1, and diszo- 
mum chlorides (Forster, J.CS. 1915, 107, 
260), and by removing water from tho mtroso- 
arylhydroxylammes 

These aryl azoimides can be employed eyn- 
thetically as a means of transforming an amine 
into the corresponding aminopbenol as when 
warmed with moderately concentrated sulphuric 
acid, two-thirds of the nitrogen is eliminated 
and a hydroxyl group is introduced into the 
nucleus (Fnedlander and Zeitlin, Ber, 1894, 
27, 192 , Morgan and Porter, J.C S 1915, 107, 
65 1) 

The interaction of sodium azide and diazo- 
compound Jeads directly to tho formation of a 
tnazo. derivative in practically quantitative 
yield. A noteworthy alternative arises when a 
diazomum salt interacts with an arylsulphon- 
amide in alkaline solution The reactions ate 
fairly general and the yields favourable. 

R SO.-NH.+ R' NjCI 

=R SO,H+R'N,+ HCI 
R SO s -NH,+ 2R' N,Cl 

= R SO, N J R'+R'N J +2HCl 

The former reaction affords a means of pro- 
ducing aryisulphinio acids (Dutt. Whitehead 
and WormaD, J.C S 1921,119,2088) 

Miscellaneous substitutions, v, J.C.S. 1888, 83, 
460 ; Amer. Chem J. 1888, 10, 368 , Ber. 1902. 
35, 1964. 

For the replacement of the diazo- group by 
arsime and stibimc complexes consult Auseni- 
cals, Organic, and Antimonials, Organic. 

The primary amines of the tnazolo ana 
thiazole 8enes yield diazomum salts with oxy- 
acids (nitrates or sulphates) which are more 
stablo than the corresponding chlorides. Primary 
amines of the pyridine and quinoline senes 
having tho ammo- gTOup ortho or pom- with 
respect to tertiary nitrogen atom yield very 
unstable diazomum chlorides which decompose 
forthwith into chloro-pyndmes or quinobnes. 
9 Aminophenanthndino (I) does not diazotwe 
lormally in acid solution, but reacts slowly 
Jith nitrous acid, giving phenanthndone II 
(Morgan and Walls, J.C.b. 1932, 2227). The 
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other amino- derivatives of phenanthridine are 
readily diazotisable. 




I. H. 

Condensations effected by Means of 
Aromatic Diazonium Salts. 

Azo- compounds are formed, to a slight 
extent, during the Sandmeyer reaction, and this 
condensation takes place to a greater extent 
when the usual order of mixing is reversed and 
the cuprous chloride added to the cold solution 
of diazonium salt. Aniline, o-chloraniline, and 
o- and p-toluidine give considerable quantities 
of azo- derivatives, but the nitranihnes and 
their homologues furnish diphenyl compounds 
(Niementowski, Ber. 1901, 34, 3325 ; Ullmann 
and Forgan, ibid. 3802; D.R.P. 126961). 
Cuprous oxide dissolved in ammonia or hydroxyl- 
amine also promotes the diphenyl condensation 
(Annalen, 1902, 320, 122), diphonyl itself being 
readily prepared by adding copper, zinc or iron 
powder to benzenediazonium sulphate in dilute 
alcohol (Ber. 1890, 23, 1226) ; j8j3-dinaphthyl is 
similarly produced from /1-diazonaphthalene 
sulphate (J.C.S. 1895, 67, 653). 2:2'-Dimethyl- 
l:l'-dianthraquinonyl results from the condensa- 
tion of 2 mols. of 2-methylanthraquinone-l- 
diazonium sulphate when stirred with acetic 
anhydrido and copper bronze powder (Scholl and 
Kunz, Ber. 1907, 40, 1697 ; B.P. 14578 of 1905). 

Coupling of Diazonium Salts. 

2:4:6-Trinitrobenzenediazonium salt is highly 
reactive and couples with mesitylene to form 
the azo- compound C„H 2 (N0 2 ) 3 -N 2 -C 6 H 2 Me 3 . 
This reaction recalls a similar interaction 
between negatively substituted diazonium salts 
and certain unsaturated hydrocarbons containing 
conjugated ethylene linkings. Thus the azo- 
compound CH 2 :CMe-CMe:CH-N 2 -C 6 H 4 -N0 2 
is readily obtained from dimethylbutadiene and 
p-nitrobenzenediazonium chloride in glacial 
acetic acid. This condensation product is re- 
duced by tin and hydrochloric acid to the amino- 
hydrazine, 

CH 2 :CMe-CMe:CH-NH-NH-C 6 H 4 -NH 2 . 

Other diolefins such as butadiene (erythrene), 
isoprene, and a-methylbutadiene (piperylene) 
also couple with the active diazo- derivatives 
P-nitroaniline and 2:4-dinitroaniline 
(Meyer and Schoeller, Ber. 1919, 52, [B], 1468). 

Diazonium compounds in general couple 
2 “ ®lhers 0 f a carboxylated naphthol, thus 

-methoxy-3-naphthoic acid couples in aqueous 
solution with the diazo- derivative of p-chloro- 
amline, 2:4-dichloroaniline, p-nitroaniline, 4- 
mtro-o-anisidine, benzidine, tolidine, o-, and 
M-nitroanilines, sulphanilic acid, and 5-nitro-o- 
amsidme. The first six diazo- derivatives give 


unmethylated dyes, the next three give a 
mixture of approximately equal parts of un- 
methylated and methylated dyes, the last 
diazo- compound couples without demethylation 
(Jambuserwala and Mason, J. Soo. Dyers and 
Col. 1930, 46, 339). 

Reactive diazonium salts couple in the side 
chains of unsaturated aromatic compounds. 
p-Nitrobenzenediazonium sulphate in alcoholic 
solution reacts with anethole, 

CH 3 -CH:CH-C 6 H 4 -OMe. 

to give anisaldehyde-p-nitrophenylhydrazone. 
With iiosafrole, C H 2 0 2 : C e H 3 - C H : C H : C H 3 , this 
diazo- compound gives piperonal-p-nitrophenyl- 
hydrazone, and with isoapiole, 

CH 2 0 2 :C G H(0Me) 2 -CH:CHCH 3 , 

apiolaldehydo-p-nitrophenylhydrazone is ob-* 
tained. A similar condensation occurs with iso- 
eugenol, which yields vanillin-p-nitrophenyl- 
hydrazone. These condensations distinguish 
aromatic compounds containing the propenyl 
group — CH:CH-CH 3 from those (eg;, safrole) 
with the allyl side chain — CH 2 -CH:CH 2 . In 
the former cases the reactive diazo- derivative, 
probably in its tautomeric form, 

no 2 -c„h 4 -nhno, 

attacks at the unsaturated linking, forming a 
hydrazone of the aromatic aldehyde with 
rupture of the side chain and elimination of 
acetaldehyde (Quilico and others, Gazzetta, 
1928, 58, 389; 1929,59,39). 

The rate of coupling of diazonium salts with 
phenols in buffer solutions of constant ionio 
strength (p=0-24) has been measured colon- 
metrically. Over a wide range of concentration 
the rate of reaction corresponds with that 
calculated by means of the bimolecular equation. 
Rate of coupling is a simple function of the p H 
of the solution : log h=log k B +p B (Conant and 
Petersen, J. Amer. Chem. Soc. 1930, 52, 1220). 

Benzenediazonium salts couple with 2:6- 
diaminopyridine first to a diazoamino- com- 
pound, the hydrochloride of which on boiling in 
aqueous solution gives 2:6-diamino-3(or 4)- 
benzeneazopyridine (U.S.P. 1820483). 6-Chloro- 
3-aminopyridine (or the corresponding 6-iodo- 
base) is diazotised and coupled with a variety of 
reactive pyridine bases such as 2:6-diamino- 
pyridine and its 3-bromo- and 3-iodo- derivatives, 
to give heterocyclic azo- derivatives which are 
useful bactericides (B.P. 341598). 

The product obtained by tetrazotising o- 
phenylenediamine in nitrosylsulphuric-phos- 
phoric acid solution couples in this strongly acid 
medium with phenol, ^-naphthol, anisole, 
phenetole and even mesitylene to yield o-diazo- 
azo-compounds so that in such circumstances the 
bisdiazotised compound should be represented 
by the formula 

N:N— X 
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in order to explain the one sided coupling. 
When the acidity of the solution is reduced then 
a second coupling with a phenolic compound 
takes place giving rise to o-diazo dyestuffs of 
outstanding stability towards alkali (Schou- 
tissen, Rec. Trav. Chim. 1938, 57, 713). 

INTEBCKAXQE OF GROUPS IN DlAZOXtUK SALTS 

The diazonium salts of the more highly sub 
stituted amines frequently undergo remarkable 
transformations, some of -which have been 
suggested for use in the technical production of 
aio* compounds. 

The dmitroanisniines, containing mtro- groups 
either in ortho- or para- positions with regard 
to the amino- group, exchange these radicals 
for hydroxyl during the process of diazotisation 
In certain instances, the methoxyl group present 
in these compounds undergoes demethylation, 
etc , with the production of internal diazo- 
oxides (quinonediazides). The mtro- group is 
set free in the form of nitrous acid, which con- 
tinues the diazotisation process on further 
quantities of the base (Meldola and others, 
J.C.S. 1900, 77, 1172 , 1901, 79, 1070 , 1902, 81, 
988; 1905, 87, 1205). Methoxyl or chlorine 
radicals in para positions with respect to the 
diazo. complex are rendered labile by contiguous 
mtro- groups so that para djazo- oxides are pro- 
duced (Klemenc, Ber. 1914, 47, 1407 ; Morgan 
and Porter, J.CS. 1915, 107, 653), but an accu- 
mulation of acidic (mtro-) groups favours the 
removal of adjacent mtro groups and the forma- 
tion of ortho diazo- oxides (Meldola and Revor- 
din, J C.S. 1910, 97, 1204) A sulphonic group 
is replaced by hydroxyl in the diazotisation 
of m-phenykncdiaminedisulphomc acid (B,P. 
18283 of 1903), and certain of the dinitro- 
naphthyiamines, when diazotised, yield internal 
djazo- oxides, owing to the initial replacement of a 
mtro- group by hydroxyl (Gaess and Ammel- 
burg, lier. 1894, 27, 2211 ; Friedlander, 1895, 
28, 1951 ; cf. Meldola and Streatfedd, J.C.S. 
1895, 67, 908). 

The replacement of an aeidio (electro- 
negative) substituent by hydroxyl frequently 
occurs on treating the diazomum salt with 
alkalis. 


Cl OH 



A sulphonio acid group may be similarly 
eliminated as in /3-naph thylarrune -1 :5.7 - tns u 1- 
phonio acid which, when diazotised and treated 
with weak alkali, yields naphtbylcne-2-diazo-l- 
oxide 5.7-disulphonic acia (G.P. 141750;, 

BI*. 16811, 20551 of 1901; 1561, 6615, 


23993 of 1902; 16995, 27372, of 1903 ; 4997 of 
1904). 

These replacements sometimes take place 
even when the diazo- solutions are dilated with 
water, or spontaneously when the diazomum 
base is present as the salt of a weak acid (acetate, 
oxalate, carbonate, etc ) (p. Orton, Proc. Roy 
Soc. 1902, 71, 153; J.CS. 1903, 83, 790; 1907, 
91, 1554 j Noeltmg and Battegay, Ber. 1906, 39, 
79). 

p Cblorobenzenediazonium thiocyanate 

Cl c # h 4 n, cns 

undergoes a remarkable molecular transforma- 
tion when dissolved in alcohol containing a 
trace of hydrochloric acid. The thiocyanate 
and chlorine radicals change places, and on 
adding ether to the solution, p thiocyanobenzene 
diazomum chloride is precipitated (Hantzsch, 
Ber. 1896, 29, 947). Similarly, 2.4 6-tribromo- 
benzenediazomum Bulphate m presence of excess 
of potassium thiocyanate is converted into 
2.4 0 trithiocyanobenzenecUazomum thiocyanate 
and many brominated diazomum chlorides pass 
into chlorinated diazomum bromides (Ber. 1897, 
30, 2334; 1898, 31, 1253; 1900, 33, 605; cf. 
JCS. 1902, 81, 1376). The last of these 
transformations has been studied quantitatively, 
and the following generalisations have been 
established . 

(i) Bromine atoms are replaced by chlorine 
only when present in the ortho • or para ■ position 
with respect to the diazomum group, those in 
ortho- positions being most readily removed. 
A bromine atom in the meta- position is not 
affected. 

(n) The ease of transformation increases with 
the number of bromine atoms present. 

(uj) The transformation constant, calculated 
from the equation for a urumolccular reaction 
k=l/t(log A/A— x), increases with the tempera- 
ture and is also influenced by the solvent, 
having its minimum value m water, and 
becoming greater as the aeries of alcohols is 
ascended. 

(iv) Diazonium salts containing two bro- 
mine atoms are stable when dry, but are rapidly 
transformed in ethyl alcohol ; 2 4 6-tribromo- 
bcnzenediazomum chloride becomes transformed 
in the dry state. 

These changes «lo not occur either with 
jodinated diazonium chlorides or with bromin- 
ated diazonium fluorides (Hantzsch, Ber. 1903, 
36, 2069). 

Stabilised Diazo- Compounds. — The techni- 
cal utility of stable diazo- compounds has led 
to many devices for preventing the decomposi- 
tion of the diazonium group which otherwise 
occurs on keeping the salts even at the ordinal) 
temperature. When mixed with an equal weight 
of crystalline alum or aluminium sulphate about 
two thirds dehydrated, diazo- compounds ma) 
bo stored for long periods without deterioration. 
The diazo- derivative of the technically impor- 
tant 5-mtro-o toluidine is stabilised by pre- 
cipitation as borofluoride (B.P. 316091). 

Diazonium boro fluorides are rendered more 
stable by adding to the sobd salt or to it* 
solution an acid or an acid salt such os hydro- 
chloric at id, borofluoric acid, potassium tetroxs* 
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late, sodium hydrogen sulphate, or dibutyl- 
naphthalene-/3-sulphonic acid (B.P. 317355). 
Stable diazonium metallofluorides are obtained 
by interaction of diazo- solutions with titano- 
fluoric acid or the corresponding complex 
fluoro acids containing aluminium, stannic, 
antimonious, antimonic, or zinc fluorides. The 
products are isolated from concentrated solu- 
tions by strong cooling (B.P. 332227). The 
solubility of certain diazonium borofluorides is 
increased by addition of salts of metals of 
periodic groups I and III, such as alkali chlorides 
(including ammonium chloride), alum, or alumin- 
ium chloride, B.P. 332630. p-Chlorobenzenesul- 
nhonic acid (or its salts) furnishes a stabilising 
anion when added to diazo- solutions derived 
from nitranilines, chloronitranilines, chloro- 
or nitrotoluidines, or any non-sulphonated 
derivative of these or similar bases. The pro- 
ducts are crystalline, water-soluble, stable 
diazonium p-chlorobenzenesulphonates which 
may be dried at moderate temperatures (B.P. 
265985, 273352). Aromatic diazo- compounds 
react with aldehyde-bisulphite .derivatives of 
ammonia or amines to furnish soluble stable 
diazoamino- compounds of the general type 

ArN:NNR-CHR'OS0 2 Na. 

These diazoamines regenerate diazo- salts by the 
action of mineral acids. DiazOtised 5-nitro-o- 
toluidine couples with the formaldehyde-bisul- 
phite compound of ammonia, methylamine, or 
dimethylamihe. Such diazoamines are used in 
dyeing and in the protection of plants from 
insect pests (B.P. 309610). 

A preparation which will liberate a diazo- 
compound when dissolved in cold water is 
obtained on adding solid sodium nitrite to a 
mixture containing I mol. of an aromatic 
nitrobase (such as p-nitraniline) rather more 
than 1 mol. of sulphuric acid (or the equivalent 
proportions of the sulphate of the base and 
bisulphates) and a suitable diluent such as 
partly dehydrated aluminium sulphate or alum, 
arylsulphonates or mixtures of arylsulphonates 
and partly dehydrated alum. Such preparations 
are very stable, and diazotisation is effected on 
addition of water (G.P. 426033). 

Moderately soluble diazonium fluorosul- 
phonates are obtained by interaction of diazo- 
compounds and fluorosulphonic acid. These 
products are insensitive to shock and decom- 
pose on heating without explosion ; they are 
used in dyeing and against insect pests (B.P. 
303527). 

In the manufacture of soluble azo-dyes, 
diazonium salts are generally employed in 
aqueous solution, but solid diazo- compounds, in 
dry or paste form, have been introduced to 
onablo dyers to prepare “ingrain” azo- colours 
which are developed on the textile fibres. 

Aryl sulphonic acids have been employed 
in this stabilisation of diazo- process, including 
a- and (9-naphthalenesulphonic acids and 
naphthalene-l:5-disulphonio acid (Marriott, J. 
Soc. Dyers and Col. 1936, 52, 172). Anisole-p- 
sulphonic acid and acylaminobenzenesulphonic 
acid also give rise to stable diazonium salts. 
The diazonium salts of /J-naphthol-a-sulphonic 


acid behave in the peculiar manner indicated in 
the following diagram : 



The first change is effected under the influence 
of alkali when the hemiquinonoid salt dissolves 
and the solution when acidified yields a pre- 
cipitate of the insoluble azo-/5-naphthol, the 
sulphonic group having been eliminated as 
bisulphite. If the Ar radical contains a nitro- 
group, as in the nitranilines, and if excess of 
alkali is used a deep-seated change occurs and 
a dihydrophthalazine is formed (Bowe and 
others, J.O.S. 2931, 2965; 1933, 1067; 1935, 
1796). 

Dried mixtures of an aromatic primary amine, 
sodium nitrite and an acid salt give rise to diazo- 
eompounds on dissolving in water. A mixture 
of nitrite, /3-naphthol, and arylamine-formalde- 
hydebisulphite Ar-N H-CH 2 -S0 3 Na, give .a 
clear solution in weak alkali, but when printed 
may be developed by acid treatment, which 
hydrolyses away the eo-sulphonate group, the 
primary base, Ar-NH 2 , thus liberated is 
diazotised in acid solution and couples with the 
naphthol. I.C.I. (B.P. 374497). 

Light-Sensitive Diazo- Compounds. — Tho 
sensitivity to light of many diazo- compounds 
has led to various suggestions regarding the 
application of these compounds to photography. 

Diazosulphonates, made from diazonium 
salts and sodium sulphite, are incapable of 
coupling in alkaline solutions with phenols or 
aromatic diamines, but exposure to light removes 
this inhibition so that a coloured image is pro- 
duced wherever light has acted. Peer, in 1889, 
suggested for this purpose an alkaline mixture 
of ditolylbisdiazosulphonate (derived from toli- 
dine) and resorcinol, a-naphthol, orm-phenylene- 
diamine. In 1890, Green, Cross and Bevan 
patented the primuline process based on the 
decomposition by light of the diazo- compound 
of primulin or other thioamines. Paper or linen 
impregnated with diazoprimuline or diazo- 
dehydrothio-p-toluidine was exposed to light, 
and subsequently immersed in a bath of a phenol 
or other coupling base. Kesorcinol gives an 
orange tint, /J-naphthol a red, 2:4-tolylenedi- 
amine a reddish-brown, and a-naphthylamine a 
violet tint. Of other light-sensitive diazo- com- 
pounds may be mentioned o-diazosalicylic acid, 
1 - diazo - 2 - oxynaphthalene - 4 - sulphonic acid. 
Ozalide papers, which have largely displaced blue- 
print paper, are based on the principle that a 
light-sensitive diazoanhydride may be mixed 
with a phenol or aromatic amine without coup- 
ling until the mixture is rendered slightly 
alkaline. On exposure to light the sensitive 
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diazoanhydride is decomposed except where it is 
protected. The paper base is then rendered 
alkaline by gaseous ammonia when coupling 
occurs between the undecomposed diazo- 
anhydride and the phenol or aromatic amine 
with formation of & coloured mo- compound. 

Stabilised diazonium salts, such as metallic 
double salts and borofluoiides (see preceding 
section) from diazotised p-aminoalkylamlmea 
and p-aminodiphenylannrie and its derivatives 
are employed in preparing diazolype paper. 
On exposure to light under a stencil the diazon- 
inm salt is destroyed in parts and the unchanged 
salt is coupled with phloroglucinol to obtain deep 
shades approaching black or with resorcinol to 
give brown tints (B P. 231604, 234818, 443995; 
Chem. Age. 1936, 34, 198). 

Other diazotype papers contain both diazo- 
compound and coupling component Tho diazo- 
demativo is selected as one giving a diazo- oxide 
which in acid media is incapable of coupling 
with a phenol l-Diazo-2 naphthol 4-sulpliomo 
acid is an example of this group, it remains nn. 
coupled with a phenol, especially if bone acid ora 
titanium salt is present Exposed under a 
tracing the diazo- group is destroyed, and on 
bringing the paper into a warm ammoniacal 
atmosphere coupling occurs without addition 
of further reagents (BP 210826 , GP 419978). 
Prints are also obtainable with a diazo com 
ponent alone, providing that this substance can 
couple with its decomposition product. The 
foregoing 1 diazo 2 naphthol sulphomc acid will 
do this, as will also diazotised o aminosalicylic 
acid (G P. 111416) Diazo compounds have also 
been utilised in colour photography (Murray, 
Phot J. 1933, April, and B.P. 363616). 

CoMSTrrtmos or Aromatic? Diazonium Saits 

Aromatic diatomum salts are generally 
soluble in water to a neutral solution, thus 
showing, by an absence of hydrolytic dissocia- 
tion, that the diazonium base is a stronger base 
than the aromatic amine from which it was 
derived. The strength of the diazonium base 
has been confirmed by phyaico chemical 
measurements. 

Determinations of the electrical conductivity 
ol solutions ol henzenetnazonjum chloride and 
nitrate show that the benzenediazonium radical 
is strictly comparable with other quaternary 
ammonium ions. The rate of migration of 
the bcnzenediazonium ion at 25° is 45 7, the 
corresponding constants fpr the methylpyn- 
dmium and tetramethylammonium ions being 
44 3 and 43 6 respectively. The molecular 
electrical conductivity of solutions of diazonium 
salts increases with dilution, just as in the case 
of the corresponding potassium and ammonium 
compounds 

Tho affinity constant of benzenediazomum 
hydroxide at 0® is 70 times greater than that of 
ammonium hydroxide, and somewhat exceeds 
that of piperidine. The affinity constants of 
p metboxy benzenediazomum and ^-cumidine- 
diazomum hydroxides are even greater, and 
approximate closely to those of the alkali 
hydroxides. A comparison of the electrical 
conductivity experiments, with the results ob- 


tained in tho. hydrolysis of ethyl acetate by 
benzenediazonium hydroxide, shows that ® 
N/123 solutions at 0°, approximately 33% of 
the base exists m the ionised condition (Bet 
1S90, 23, 3220 ; 1895, 28, 1737 ; 1898, 81* 
1612). 

Benzenediazonlum (Diazolenzent) behaves 
like an alkali or a complex ammonium cation 

Benzenediazonium hydroxide ( Diaz o- 
benzene hydrate or hydroxide) is only known in 
solution, and is produced by treating aqueous 
benzenediazomum chlonde with the calculated 
amount of silver oxide, or by adding barium 
hydroxide to a solution of benzenediazonium 
sulphate (Hantzsch, Her. 1898, 31, 340). The 
solution is strongly alkaline, and gives at once an 
azo compound with /J-naphthoI ; the dissolved 
base decomposes, however, fairly rapidly even 
at 0°. 

The striking similarity in the physical and 
chemical properties of the diazonium and 
quaternary ammonium salts suggests the 
existence of quinquevalent nitrogen in the 
former compounds, and on these grounds the 
following formula, formerly proposed by Mom- 
strand (1869), Strecker (1871), and Erlenmeyor 
(1874), has now been generally adopted for 
benzenediazonium chloride and its homologues i 

C B H 4 — N T — Cl 
N 

although, for many years, the alternative con- 
figuration, C a H 4 N = N Cl, suggested by KekuM, 
waa usually employed. 

The close analogy existing between the 
diazonium and alkali salts is Bhown further by 
the facility with which both senes yield double 
aalta with cobaltw nitrite and with the chlorides 
of platinum, gold and mercury. Diazonium 
perh&kdes are also known, corresponding with 
the perhahdes of potassium, rubidium, e»sium 
and quaternary ammonium bases (Hantzsch, 
Ber. 1895, 28, 1736, 2754), 

The benzenoid diazonium salts with colour 
less anions (nitrates, sulphates, chlorides) are 
generally colourless, but tho corresponding 
bromides, iodides and thiocyanates are coloured, 
and the deeper the colour the more explosive 
the salt. When cooled jn liquid air, these 
coloured salts become less coloured ; moreover, 
their aqueous solutions are colourless 

The development of colour and increase in 
explosibihty are considered by Hantzsch to 
indicate a change in constitution, the coloured 
substance being regarded as an equilibrium 
mixture of diazomum salt and ejm-iliazo- 
compound (v. infra) This equilibrium is dis- 
turbed in the sense of forming more of the colour- 
less diazonium salt by lowering the temperature 
or by dissolving the substance in water 
(Hantzsch, Ber. 1897, 33, 2179; 1900, 33, 2179; 
Euler, Ber. 1895. 3f . 4168). But although in tbs 
benzene sene3 the diazomum chlorides, nitrates 
and sulphates are colourless, yet in the diphenyl 
and naphthalene senes many diazonium salts 
with these anions are coloured and comparatively 
stable. Moreover, this colour (yellow or orange) 
is retained either in aqueous solution or at tho 
temperature of liquid air. Apart from their 
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colour, these salts have all the properties of the 
simpler diazonium salts (neutral solutions, 
coupling with phenols, etc.). These facts 
indicate that increase in the complexity of the 
organic portion of the diazonium cation leads to 
the development of colour in normal diazonium 
salts. 

Stereochemistry op Diazo- Derivatives. — 
The stereochemistry of diazo- compounds advo- 
cated by Hantzsch, and accepted generally by 
workers in this field of organic chemistry, is 
based on the existence of two isomeric forms 
of aromatic diazocyanides, diazosulphonates 
and diazo-oxides. Of these two series the more 
stable an(i-diazo- compounds have frequently 
been prepared in a state of purity so that their 
existence has been confirmed by many analyses. 
The labile syn-diazo- compounds, on the other 
hand, are much less readily isolated, and 
analytical data in support of their existence as 
definite chemical entities are not always obtain- 
able. 4'-Amino-l -phenyl-5-methylbenzothiazole 
(dehydrothio-p-toluidine) was shown by its 
discoverer A. G. Green (1889) to give rise to a 
diazo-chloride quite stable in solution at the 
ordinary temperature. 

When suspended in absolute alcohol and 
diazotised with ethyl nitrite, the hydrochloride 
of the foregoing aminothiazole yields two 
isomerio compounds, an insoluble diazochloride 
and a soluble one precipitated by ether. Syn- 
l-phenyl-5-methylbenzothiazole-4 / -diazochloride 
decomposes at 139°, dissolves readily in water, 
couples immediately with alkaline a-naphthol, 
and evolves nitrogen with copper bronze, giving 
4'-chloro-l-phenyl-5-methylbenzothiazole. Anti- 
l-phenyl-5-methylbenzothiazole-4'-diazochloride 
decomposes at 270°, is insoluble in water, does 
not couple with alkaline j3-naphthol until after 
treatment with hydrochlorio acid. With copper 
bronze and this acid it remained unchanged for 
several hours, but after a week yielded the 
cbloro-derivative. 

Ice-cold solutions of the syn-diazochloride 
when treated with sodium sulphite gave a sodium 
syn-l-phenyl-5-methylbenzothiazole-4'-diazosul- 
phonate, a salt which couples -with /?-naphthol. 
At the ordinary temperatures (about 20°) a 
non-coupling anti-diazosulphonate is obtained. 
Similar experimental conditions lead to the for- 
mation of syn- and awtf-l-phenyl-5-methyl- 
benzothiazole-4'-diazocyanides. The syn- diazo- 
cyanide is a brick-red product, very soluble in 
water and decomposes at 131°, it couples readily 
with alkaline $-naphthol and readily loses nitro- 
gen with copper bronze. The onfi-diazocyanide, 
a deep orange precipitate insoluble in water, 
melts at 175°, does not couple with alkaline 
/3-naphthol, and evolves nitrogen only very 
slowly with copper bronze. Accepting the 
stereochemical hypothesis these three pairs of 
& !f n ~ and anfi-diazo- compounds may be thus 
represented : 

S 


N 

•Syn- Series. ' (CN) 

(NaSOj) 





Anti- Series. (CN) 

(SO s Na) 

The solubility in water of the syn-diazochloride 
and -diazocyanide suggests that these compounds 
pass readily into the diazonium condition, D 
being the thiazole radical (Morgan and Webster, 
J.C.S. 1921, 119, 1071). 


D— N 

I! 

Cl— N 


xH 2 0 


[D— N 

III *H 2 o 

N 


Cl 


in this benzothiazole series there was also 
qualitative evidence of the existence of syn- and 
anti-diazo-oxides (diazotates). For the consti- 
tution of diazo-oxides (diazotates), see Angeli, 
Ber. 1926, 59 [B], 1400 ; Hantzsch, ibid. 
1929, 62, [B], 1235 ; Quilico, Gazzetta, 1931, 61, 
326. 

( Coloured diazonium salts, v. Hantzsch, Ber. 
1900, 33, 3183 ; 1901, 34, 4168 ; Annalen, 1900, 
312, 126 ; Cain, J.C.S. 1905, 87, 5 ; Morgan and 
others, ibid. 1907, 91, 1311, 1505 ; 1908, 93, 
614 ; 1909, 95, 1319.) 

The idea embodied in Blomstrand’B diazo- 
nium formula (v. supra) fails to express one 
important point, namely, the dependence of the 
stability of the diazo- complex on the presence of 
an unsaturated group. Yet this is a matter of 
fundamental importance, for hitherto no amine 
in which the basic nitrogen is attached to a 
fully saturated ring or complex has yielded a 
diazonium salt. * 

Cain has suggested an alternative formula, 
(2), giving expression to this circumstance 
(J.C.S. 1907, 91, 1051), in which the diazonium 
salt is represented as having a para-homiquinon- 
oid constitution ; and this conception has 
been extended by Morgan (ibid. 1908, 93, 
617 ; 1910, 97, 2563) so as to include the equally 
admissible orMo-hemiquinonoid configurations 
(l) and (3) : 




Hi 




H H 


H 

(1) 


A 

i 

H 

( 2 ) 


H 




Euler has also advocated a parcr-hemiquinonoid 
structure for diazonium salts (Ber. 1908, 41, 
3979). 


Non-aromatic Diazonium Salts. 

The foregoing hypotheses of the constitution 
of aromatic diazonium salts, which bases their 
existence on the unsaturated nature of tho 
aromatic complex, accord with the fact that 
certain non-aromatic primary amines containing 
unsaturated organic groups manifest, in some 
degree, the property of diazotisability. Among 
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these bases are aminotriazolo (I) and its deriva- 
tives, and aroinoantipyrine (II) : 

,NHN N(CH.)N(C.H S ) CO 
NH t -C<; I) I i 

^N— CH C(CH.)==C-NH J 


I. 


II. 


(Tiii do and Manchot, Annalen, 189S, 303, 33 ; 
Knorr and Stolz, ibid. 1890, 293, 07 ; cf. Ber. 
1900, 33, 1158 ; 1900, 39, 2925 ; Annalen. 1900, 
312, 133). In addition to ammo- derivatives of 
the pjrazoline group (Michaebs, Annalen, 1906, 
350, 288), the 4- and 5 amino derivatives of the 
pyrazole group give rise to remarkably stable 
diazonium salts (Morgan and Reilly, J.C.S 
1914, 105, 436 ; hlichaebs and others, Annalen, 
1911, 3S5, 1 ; 1915, 407, 229, 274 ; Mohr, J. pr. 
Chem. 1914, [uj, 90, 509). 2-Ammothiazole, a 
heterocyclic base containing sulphur and nitro- 
gen in the nng, furnishes diazomum salts of the 
oxyacids (Morgan and Morrow, J.C.S. 1915, 107, 
1291). 

Pyrazole Senes . — Among pyrazole bases the 
effect of orientation on the stability of the 
diazonium salts is well marked. 


NH-CMe 


NH-CMe 


CNH, CN t CI 

I / I / 

N=CMe N=CMe 
I. II. 

When diazotised in the usual manner, 4 amino- 

3.5- dimcthyIpyrazole (I) yields the diazoninm 
chloride (II) stable In either hot aqueous solu- 
tions or up to 150° in the dry state. When the 
diazo- group is m position 5 the product is 
much less stable, for 1 -phenyl-3 metbyl-4-ethyl- 
pyTazole-5-diazoninm chlonde decomposes 
quickly even at room temperature. If the 
4-ethyl group is replaced by labile hydrogen a a 
in 1-phenyl 3-methyl 5-anunopyrazole hydro- 
chloride (III), then nitrous acid yields only 12% 
of diazoninm salt (IV), the main product (88%) 

PhN — CNjCI 

') % 

CH IV. 

PhN— CNHj.Hcl c^v'* I / 

1 \ r/ N=CMe 

I / \ S^PhN— C:NH 

N-CMe I \ 

III. C.NOH V. 

N= CMe 

being the imino-oxime (V) (Mohr, J. pr. Chem. 
1914, 90, (u), 509). 

iso -Oxazole Series. — 3.5-DimethylisooxazoIe 
has been converted into 4-mtro-3.5 dimethyl- 
tsooxazole, and the latter reduced by amalga- 
mated aluminium and moist ether to 4-ammo- 

3.5- dimetbyliJoorazole (I), which diazotises to 
the very soluble diazomum chlonde (II). This 
diazo^deriv alive is teas stable than the foregoing 

3.5- dimethylpyrazole-4 diazonium chloride. 


O— CMe ( 

3— CMe O 

| \nh.-J 

\n,ci-*-| 

[ / ■ 1 

/ 1 

N=CMe l 

4=CMe N 


I. 

O— CMe 


/ H. \ 

✓ \ 
O— CMe 


CN.orl 

/ 


in. 


CMe— O 

1 ^ | ^ S \ 

C-NHNH. C-N:NNHC 

i / I / \ 

N=CMe N=CMe CMe°N 

IV. V. 

3 5-Dimethyl iso-oxazoIe-4-diazoniam chloride 
interacts readily with sodium azide or potassium 
iodide to yield respectively 4-triazo-3 5-di- 
methyhso oxazole (III) and 4 iodo-3 6-di- 
methylwo-oxazole (ID), palo yellow needles, 
m.p. 62 5-54®. On reduction this diazoniuxa 
chloride gives a hydrazine (IV), and it couples 
with its parent base to furnish a colourless 
diazoamine (V) (Morgan and Burgess, J.C.S. 
1921, 119, 698, 1546). 

Distinct evidence of diazotisabflity has been 
adduced m the indole and pyrrole senes (Angeb 
and d’Angelo, Atti R. Accad. lancet, 1904, [vj, 
13, t, 258 ; Angelico, ibid. 1905. [v], 14, li, 187). 
It has also been shown (K. A. Hofmann, Hock 
and Roth, Ber. 1910, 43, 682, 1087) that emino- 
guanidme gives rise to diazomum salts, denved, 
however, not from the salts of aminoguamdma 
itself, but from & more complex molecule con- 
taining two guanidine residues, and having a 
greater degree of nnsatuxation. The diazomum 
nitrate, for example, is represented by tbs 
formula : 

NO, N, NH C('NH), 

NHx \U 

^C(NH,) NH-NH 
containing a diazo- complex associated with sn 
open chain having three umatuiated bilking*. 

II. Cyclic Diazo- Compound*. 

In certain instances, the action of nitrous 
acid on substituted aromatic amines leads to the 
formation of compounds having their diazo- 
nitrogen in a cyclic complex,, this result being 
due to the subsequent interaction of a sub- 
stituent group. 

1. Intebnal Diazohutm Salts. 

Sulphonated amines of the benzene and 
naphthalene aeries furnish diazo- derivatives 
which are generally misnamed dmzo-sulphonic 
acids. These compounds, however, do not 
contain ionic hydrogen, and are really internal 
diazonium salts ; No. 1, the so-called "diazo- 
benzenesulphonic acid," being beTuerudtazoniun- 
p-evlpfumaU, whilst No. 2 is naphtbaUne- 1- 
diazonium-5-sulphonate. 

XL. OJf 
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These internal diazonium sulphonates are of 
great technical importance in the manufacture of 
azo- dyes.' They are prepared either by adding 
sodium nitrite to an acid suspension of the 
amino sulphonic acid or by acidifying a solution 
containing nitrite and the alkali salt of the 
aminosulphonic acid (Rev. prod. chim. 1917, 
20 , 21 ). 

Of a similar nature are the cyclic diazo- 
derivatives obtained by diazotising aromatic 
aminocarboxylio acids (c/. Bulow and Haas, 
Ber. 1911,44, 601), e.g. “ diazo-anlhranilic acid ” 
or benzenediazonium-o-carboxylale 


+ 



which is employed in the production of methyl 
red ( v . Chemical Analysis, Acidimetry and 
Alkalimetiy, Vol. II, p. 641). 

These internal diazonium salts are now often 
formulated as polar substances, Formula (1) 

being modified as N 2 -C 6 H 4 -S 0 3 and the last- 
mentioned diazonium carboxylate as shown in 
formula (3 a). 

2. Cyclic Diazo- Compounds due to 
Internal Condensation. 

Aromatio ortho - and peri-diamines do not 
yield diazonium salts except in special circum- 
stances (Schoutissen, J. Amer. Chem. Soc. 1935, 
55, 4535 ; Hodgson and Walker, J.C.S. 1935, 
630), inasmuch as their interaction with nitrous 
acid leads very readily to the formation of cyclic 
diazoimines ( Azimino - compounds) 



Phenylene-o-dia'zoimine (1) (Aziminoben- 
zene) and naphthy!ene-1:8-diazoimine (2) 
( l:$-Azimino-naphlhalene ) are typical members 
of this series of diazo- compounds. 

The triazole rings thus set up are remarkably 
stable, and in the case of the ortho- derivatives 
(1) are not opened by mineral acids without 
complete rupture of the molecule. The peri- 
diazoimines (2) occupy a position intermediate 
between the ortho-diazoimines (1) and the para- 
diazoiminos ( v . infra). 

The 1:2- and 2:3-naphthylene-diamines furnish 
respectively 1:2- and 2:3-naphlhylene-diazoimines 
(1:2- and 2:3-azimino-naphthalenes). (Constitu- 
tion of ortho-diazoimines and their acyl- deriva- 
tives, Griess, Ber. 1882, 15, 2195; Kekule, 
Lehrbuch, ii, 739 ; Morgan and Godden, J.C.S. 
1910, 97, 2557 ; cf. Ber. 1874, 7, 316 ; 1876, 9, 
221; 1887, 20, 2999; 1894,27,874; Annalen, 
1889, 255, 344 ; J.C.S. 1906, 89, 4). Although 
Griess’s formulation for the azimino- compounds 

still persists in chemical 

Vol. III.— 38 


literature, it has been disproved completely, and 
that of Kekule substantiated by the preparation 
of three pairs of isomerides having respectively 
the following formulas, where R= acetyl, ben- 
zoyl, or benzenesulphonyl. 


Me- 


N 

\ 

N 

n ^ /A 'nr 




This form of isomerism could not exist with 
Griess’s symmetrical configuration (Morgan, 
Micklethwait and Scharff, J.C.S. 1913, 103, 
1394; 1914, 105, 117). Although these diazo- 
imines do not couple with phenols and aromatic 
bases to form azo- dyes, yet employment has 
been found for them in the production of synthetic 
carbazole derivatives which are obtained on 
heating these cyclic diazo- compounds (Ullmann, 
Ber. 1898, 31, 1697 ; 1914, 47, 380). 

Similar Btable cyclic diazo- compounds are 
obtained by diazotising the ortho- aminothio- 
phenols, o-phenylenediazosulphide being a 
colourless crystalline substance with a sweetish 
odour and feebly basic properties 



(Jacobson, Annalen, 1893, 277, 209, 218, 232, 
237). 

3. Cyclic Diazo- Compounds due to Combined 
Internal Condensation and Salt Forma- 
tion. 

In this group are found certain diazo- 
derivatives of amines containing Blightly acidio 
substituents in ortho- or para- but not meta- 
positions with respect to the aminic nitrogen. 

(i) Internal diazo-oxides are produced 
from ortho- and para- aminophenols and their 
derivatives. In some cases an intermediate 
diazonium salt is formed which condenses to the 
diazo-oxide on treatment with silver oxide or 
an alkali (Schmitt, Ber. 1868, 1, 67 ; Hantzsch 
and Davidson, ibid. 1896, 29, 1522 ; Cameron, 
Amer. Chem. J. 1898, 20, 229). The first diazo- 
compound preparedby Griess (Annalen, 1858, 106, 
123), namely, dinitrobenzenediazo-oxide, 

(N0 2 ) 2 C 6 H 2 <' | , belongs to this class; it is 

N 2 

produced by diazotising picramic acid, and has 
been utilised in the production of azo- colours. 
The 1:2-, 2:1-, 2:3-, and l:8-amino-naphthoIs and 
their sulphonic acids similarly give rise to 
internal diazo-oxides which are so stable that 
they can be nitrated. These internal diazo- 
oxides are readily transformed into diazonium 
salts by mineral acids, and are therefore 
available in the production of azo- dyes. 

Internal diazo-oxides can also be produced 
by leaving the diazonium salts of highly sub- 
stituted amines (e.g. 2:4:6-trichloroaniline) in 
aqueous solutions containing no free mineral 
acid (Orton, Proc. Roy. Soc. 1903, 71, 153 ; 
J.C.S. 1903, 83, 796). 
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These diazo- derivatives have been forrau- 
ated either as cyclic diazo-oxides (1) or 
quinonediazides (IlJ 5 


OC a H 4 N t 


I. 


o.c,H 4 <ji 


h. 


((/, Wolff, Annalen, 1900, 312 , 126 ; Morgan 
and Micklethwoit, J.C.S. 1903, 93, 607). 

Repeated attempts to prepare internal diazo- 
oiidett from m-aminophcnol and its mtro- 
derivatives, which have been quite unsuccessful, 
strengthen the view that these diazo- derivatives 
are to be regarded as quinonediazo oxidea ill), 
with the reservation that similar compounds are 
producible from 1:8 aminoDaphthol, ‘ H acid,’ 
end other pen- derivatives (Morgan and Porter, 
J.C.S. 1915, 107, 645), In the case of amino 
phenolsulphonio acids the NH g *OH=»l:2 com- 
pounds give these coloured o-quinonediazidea ; 
the NH t 'OH«l:4 compounds yield diazomum 
sulphonatea changing to p-quinonediazides on 
partial neutralisation ; the NH,-OH = 1.3 com- 
pounds give nee only to diazomum sulphonatea 
which lose diazo-mtrogen and furnish complex 
azo- derivatives on treatment with, alkali (Mor- 
gan and Tomlins, J.C.S. 1917, 111, 497). 

Abomatio Diazo-oxides. — 2.4 Dimtro o- 
naphthylamine is a feeble base which is diazo- 
tised by adding mtrosyl sulphate (chamber 
crystals) or dry sodium mtnte to the base dis- 
solved in cold concentrated sulphuric acid, the 
solution being subsequently diluted with frag- 
ments of ice. The liquid is then poured into a 
large excess of ice-water, when a crystalline 
brownish-yellow precipitate of 4 nitronaphtha- 
lene-l-diazo 2-onde (I) is obtained. 


N— N 


N=N 


CQ* CO -4 

NO. SOjH 

I. II- 


with the more reactive phenols such as resorcinol, 
pbloroglucinol and l:3-dihydroxynaphthalene, 
and in these instances coupling occura not only 
in alkaline solutions, but also, and with great 
facility, in presence of strong acids, for example, 
in glacial acetic acid containing concentrated 
mineral acid (Morgan and Evens, J.C.S, 1919, 
115, 1120). The technically important naph- 
thalenediaLO-2.oride-4-eulphonio acid II forms 
an acidic brown copper compound which 
gives no precipitate with sodium hydroxide and , 
a yellow solution with ammonia (Battegay and 
Schmidt, Bulb Soc. chim. 1927, (i v), 41, 205). I 

For the diazotiaation of aminophenola which 
are readily oxidised to quinonea, nitrites are 
employed in presence of mineral acids and salts 
of copper, iron, zinc or similar metals. The 
resulting diazo- solutions may bo used either for , 
coupling to form axo- dyes or for displacement 
of the diazo- group by hydrogen, halogens or 
other substituents (G.P. 431513). 

Amtnopheny Lire ico dichlondes and ammo- 



phenyls Ubine dichlorides diazotise to yield com- 
pounds of the type CljX-CjH^-NjCl (where 
X=As or Sb). The arsenical derivative on 
treatment with sodium hydrogen carbonate w 
converted into a p-phenylarsomc acid 
(I ; X«AsO-OH) 

which on reduction with sulphur dioxide in 
presence of iodine yields p-phenylenechloro- 
areme (I ; X-AsCl). 

O 

HC? ? c!h 


I. 

3-Amino.4.bydroxyphenylarsinio acid when 
similarly treated gives first the diazo- salt 
AsCI,-C s H,(OH)N,CI, which readily loses 
hydrogen chloride to pass into the arsenical 
quinonediazido (II) (Schmidt and Hoffmann, 
Ber. 1920, 68, (BJ, 655, 560). 

(u) paroDlazolmlnes and diazoimides. 
p-Dlazolmlnobenzerte and derivatives.— 
The earliest known derivative of p-diazoimino- 
benzeno was obtamod by the action of alkali on 
diazomum salts ofp-aminodjphenylamine (Ikuta, 
Annalen, 1888, 243, 282 ; Hantzsch, Ber. 1902, 
85, 895). 

The following alternative formulas (III and 
IV) have been given to this product : 

C e HjN.C*H t <J 
HI. IV. 

corresponding respectively with the foregoing 
formula (I and II) for the internal diazo oxides 
Successive nitration of the phenyl group 
gradually increases tho stabibty of these p- 
diazoimmes (Morgan and Micklethwait, J.CS. 
1908, 93, 004). 

Tho arylsulphonyl derivatives. 


C,H»NC # H 1 -N I 


Ar S0 1 N:C t H 1 -N 1 , 

were first discovered by Morgan and Mickle- 
thwait in 1906, and the simplest acyl derivative, 
formyl -p diazoimmobenzene, was isolated by 
Morgan and Upton in 1917). 

The yxira-diazoimides are producod from tbs 
acyl- and arylsulphonyl- derivatives of the 
para-diamines, and similar products are obtained 

from tho arylsulphonyl- 1 :8-naphthylenedi- 

amines. The production of these diazoimides 
takes place in two stages, the diazomum salt 
first producod being decomposed by sodium 
acetate or mild alkali, yielding the internal 
condensation product : 

RSOj-NHC^-Nj-Ch^VsO.-NC.iVN, 


These para -diazoimides (VI) are yellow, 
sparingly soluble substances readily reconverted 
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by strong acids into the corresponding diazonium 
salts. They combine additively with phenols, 
naphthols, naphthylamines and their sulphonic 
acids, yielding azo- colouring matters (Morgan 
!J and Micklethwait, J. Soc. Dyers and Col. 
'1909, 25, 107; cf. J.C.S. 1905, 87, 74, 921, 
1302 ; 1906, 89, 1162 ; 1907, 81, 1509 ; 1908, 
93, 615; Badische Anil in - und Soda-Fabrik, 
G.P. 205037). 

The foregoing general reaction has been 
extended further by the device of diazotising 
with, liquid nitrogen trioxide in an anhydrous 
solvent such as acetone. In this way the 
simplest members of the series Ac-N:C 8 H 4 :N 2 
have been obtained containing formyl, acetyl, 
and benzoyl groups (Morgan, Upton, and 
Cleago, J.C.S. 1917, 111, 187 ; 1918, 113, 588. 

3-Aminocarbazole hydrochloride gives rise to 
a very stable yellow diazonium chloride 

C«H b IM 3 CI,3H 4 0 

which becomes anhydrous when stored in vacuo 
over sulphuric acid. With sodium azide it 
yields a colourless 3-triazocarbazole, m.p. 176- 
177°. 


NH 



II. 


155°. Both the corresponding picrate and 
chromate explode at 160°. 



In bright sunlight acetic anhydride converts the 
foregoing hydrochloride into p-acetamino- 
benzenediazonium chloride. 

Acetyl-m-phenylenediamine hydrochloride 
when’ diazotised and combined with antimony 
trichloride gives bis-m-acetaminobenzenediazo- 
nium hydrochloride-antimony triohloride, m.p. 
94°, which, unlike its przra-isomorido, is decom- 
posed on warming with dilute acid, but when 
treated successively with cold water and chromic 
acid yields an explosive m-acetaminobenzene- 
diazonium chromate. There is no indication 
in this meta-series of the formation of a diazo- 
imine similar to the above compound (II) 
(J.C.S. 1926, 3174). 


III. Diazoamines. 

The diazoamines or diazoamino- compounds 
have the general formula XN 2 -NHY, and may 
be either aromatic, mixed aromatic-aliphatic, or 
aliphatic in character, according as to whether 
X and Y are aromatio or aliphatio hydrocarbon 
radicals. 


1. Abomatic Diazoamines. 


When carbazole-3-diazonium chloride (I) is 
treated in the cold with ammonia in the absence 
of light, hydrogen chloride is removed and 
carbazole-3-diazoimine (II) is precipitated in 
bright orange-red needles darkening at 80-90° 
and exploding at 95°. This diazoimine is ex- 
tremely photo-sensitive and decomposes almost 
immediately in sunlight. It couples with 
phenols and reactive aromatio amines, and on 
addition of hydrochloric acid regenerates the 
diazonium chloride (I) (Morgan and Read, 
J.C.S. 1922, 121, 2711). 

In 1926 W. H. Gray obtained the hydro- 
chloride and double antimony chloride ofp-diazo- 
iminobenzene itself by the following series of 
reactions. 

The hydrochloride of acetyl-p-phenylenedi- 
amine was diazotised and treated with antimony 
triohloride when bis-p-acetaminobenzenediazo- 
nium chloride-antimony chloride separated as a 
yellow crystalline, precipitate, m.p. 147°. When 
decomposed with water this double salt furnished 
p-acetaminobenzenediazonium chloride, m.p. 
131°, which on hydrolysis with boiling dilute 
hydrochloric acid yielded p-diazoiminobenzene- 
hydrochloride-antimony trichloride (I), decom- 
posing at 179°, and this double salt on treatment 
with water furnished p-diazoiminobenzene hydro- 
chloride. (II), a yellow substance exploding at 


The aromatic diazoamines are produced 
(1) by the action of nitrous acid (1 mol.) on 
two molecular proportions of a primary benze- 
noid amine ; (2) by coupling a diazonium salt 
with a primary or secondary benzenoid amine. 

Diazoaminobenzene, C 6 H 6 -N 2 -NH-C 6 H B , 
yellow crystals, m.p. 98°, is produced in quantita- 
tive yield by dissolving 10 parts of aniline in two 
parts of water containing 12 parts of hydrogen 
chloride, diazotising with 8 parts of sodium 
nitrite, and adding the diazo- solution to a 
solution of 10 parts of aniline in the calculated 
amount of hydrochloric acid. The diazoamine 
is precipitated on the addition of sodium 
acetate. (Absorption spectrum of diazoamino- 
benzene, Purvis, J.C.S. 1914, 105, 590.) 

When warmed with a nilin e containing aniline 
hydrochloride, diazoaminobenzene is trans- 
formed into p-aminoazobenzene, the velocity of 
transformation obeying the law of unimolecular 
reactions. When the transformation occurs 
below 40° a small proportion (about 4%) of 
o-aminoazobenzene is produced (F. H. Witt, 
Ber. 1912, 45, 2380 ; 1913, 46, 2557). 

Diazoaminobenzene is conveniently prepared 
in a state of purity by passing carbon dioxide 
into an aqueous alcoholic solution of aniline and 
sodium nitrite. The product recrystallised from 
alkaline alcohol separates in lemon yellow 
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needles, rn p. 09 5-100°. Diluto acids cause a 
lowering of this melting point. When the 
action of cold glacial acetic acid on diszoamino- 
bcnzene is allowed to proceed until it is nearly 
all transformed into aminoazobenzene a non- 
basio product of this reaction is isolated on 
dilating the liquid with water, when a tarry mass 
is deposited from which by repeated crystallisa- 
tion a deep red substance, bemenediazoam\Tioazo- 
bmzmt, CjHjNyC.HyNHN.-CjH,, is oh- 
tabled (m.p. 119 5°), identical with the compound 
produced by coupling diazotised aminoazo- 
benzene and aniline. It is extremely difficult to 
separate this substance from diazoaminobenzene, 
and mixtures of the two substances which melt 
lower than either compound have in the past 
suggested the existence of an isomeric and more 
fusible diazoaminobenzene (Earl, J. Proc. Roy. 
Soc„ New South Wales, 1930, 64, 97). Intereat- 
ing observations on the transformation of diazo- 
aminobenzene into aminoazobenzene have also 
been mado by Rosenhauer (Ber. 1928, 61, [B], 
392 ; 1930, 63, [BJ, 1056 ; 1031, 64. [B], 1438), 
who holds that this transformation is dne to 
primary fission into diazonium salt and aniline 
followed by nuclear coupling and not to isomenc 
change. The conversion is effected not only by 
glaoial acetio acid, but also by dilute aqueous 
acetio acid or formio acid, never by quinoline 
and its hydrochloride. Benzenediazonium chlor- 
ide and aniline hydrochloride couple at 0“ 
to give aminoazobenzene hydrochloride without 
intermediate formation of diazoaminobenzene. 
About 70% of aminoazobenzene is obtainable 
in acetio acid solution if 3-4 mols, of aniline are 
added. 

Dlazoamlno-p-toluene, 

C,H,N,-NHC 7 H 7 , 

similarly prepared to diazoaminobenzene, under- 
goes transformation into an ortho- azo- compound, 
but the velocity of this change is only about 
one-ninth of that of the preceding transforma- 
tion to para-azo- derivative. 

The coupling of diazonium salts with met-a- 
phenylenediamme, diphenylamine, the naphthyl- 
amines and their alkyl derivatives leads directly 
to the production of azo- derivatives ; in these 
cases, intermediate diazoamines have not been 
isolated, except when the reactive ortho- or 
para- positions are already substituted (Morgan, 
J.CS, 1902, 81, 91 ; 1907, 91, 370). 

When an aromatio base, XNH,, is coupled 
with a diazonium salt, YN-C1, the resulting 
diazoamino is identical with that produced from 
XNjCl and Y N H , ( and is generally regarded aa 
being an equilibrium mixture of the two iao- 
mendea XNH N,Y and XN, NHY. This ex- 
planation assumes the migration of the diazo- 
group which has been observed to occur in 
several instances (Gnesa, Ber. 1882, 15, 2190 ; 
Schraube and Fntsch, 1896, 29, 287 ; Hantzsch 
and F. M. Perkin, 1897, 30, 1412). 

(For the constitution of the unsymmetrieal 
aromatio diazoamines, XNH N.Y, v. Meldola 
and Streatfeild, J.C.S. 1888. 49, 624 ; 1887, 
57, 102, 434 ; 1886, 53, 664 ; 1889, 55, 412 ; 
1890, 57, 785 ; c/. Forster and Garland, ibid. 
1900,95,2051.) 


Pyrolysis of Diazoamt no benzene and 
-p-toluene. — In 1892 Hirsch pyrolysed diazo- 
aminobenzene and obtained p-ammoazobenzena 
diphenylamine, ortho- and pura-aminodipbenyfa 
(o- and jp-xeny famines), aniline, benzene, and - 
diphenyl with evolution of nitrogen. More' 
recently azobenzene has been identified among 
these pyrolytic products. 

A quantitative study of the pyrolysis of 
diazoamino-p toluene dissolved in p tolmdine at 
150° has Bhown that the more volatile products 
are nitrogen, ammonia, and toluene, whereas 
the less volatile products are azo-p-toluene, p- 
ditolylamine, 6 -am ino-3 . 6'-dim e thy lazobenzen a 
and two isomeno aminoditolyls (15% yield). 
One isomendo obtained in very small amount 
has not been orientated ; the more plentiful 
iaomende is 4',6-dimethyl 2-xenyIamine, tho 
oily triazo* compound of which is converted 
pyxogenically mto 2.6-dimethylcarbazola 
(Morgan and Walls, J.CB. 1930, 1502). 

2. Axip H avre - Aboiiatio DuzoAMntxa. 

The diazoamines containing one aliphatic 
and one aromatic group can be produced by 
(1) coupling a diazonium salt with an aliphatic 
amine (Goldschmidt and Holm, Ber. 1888, 21, 
1016, 1112 ; Goldsmidt and Bad], 1889,22,938 ; 
Bamberger and Miiller, ibid. 1302) ; (2) treating 
an azide with Gngnard reagent : 

/N 

RN<Q[| + R'-MgBr-*RN(MgBr) N.NR' 

H t O 

- — »- RNH N-.NR'4-MgBr OH 

(Dimroth, Ber. 1903, 38, 909 ; 1905, 38, 670, 
2328 ; 1907, 40, 2390). Diazoamines present 
tho possibility of stereoisomerism, but their 
relative stability and the fact that they couple 
only slowly with /?-naphthol confirm “the view 
that they are generally an/i-diazo- compounds. 

(For stereoisomeric diazoamines t). Orioff, J. 
Russ. Phys. Chem. Soc. 1906, 38, 578 ; Vaubel, 
Z. angew. Chem. 1000, 13, 762 ; 1902, 15, 
1209.) 

Aromatic budiazoamino- compound), eg- 
(CjHyNjJjN CgHg, have been obtained by the 
action of two molecular proportions ofa diazonium 
salt on one of an aromatio amino (Hantzsch, 
Ber. 1894, 27, 1863; von Pechmann and 
Fro be tu us, 1895, 28, 170). 

Mixed aliphatic-aromatic biadiazoammo- <f<- 
nvahve) (v. Goldschmidt et al., Ber. 1888, 21, 
1016 ; 1889, 22, 933 ; 1007, 40, 2390). 

DiazO-d-itmicarbazine) (r. Forster, J.C.S. 
1906, 89,223). 


3. AUTHATIC DtAZOAKtSES. 

Dimrolh’s general method may be applied 
to the production of purely aliphatic diazo- 
amino- compounds. In this way, the simplest 
member of the series, dlazoaminom ethane 
(dimethyltrlazene), CH,N:N-NH CH t , has 
been prepared from methyl azide and magnesium 
methyl iodide. This substance, which fa 
isolated by distilling its copper derivative with 
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diazoaminobenzene under reduced pressure, is a 
colourless liquid, solidifying at —12° and boiling 
at 92° (Dimroth, Ber. 1905, 38, 1576 ; 1906, 39, 
3905). 

IV. Binuclear Diazo-oxides. 

When a diazonium salt couples with a phenol 
the product is generally an ortho- or a para- 
hydroxyazo- compound (the C-azo- derivative), 
but in all probability, the O-azo- derivative is 
first produced, for in a few instances, when the 
velocity of transformation has been lessened by 
substitution, the intermediate O-azo- compound 
or diazo-oxide has been isolated. p-Bromo- 
benzenediazonium chloride and p-nitrophenol 
give p-bromobenzenediazo-i-oxynilrobenzene 

C 6 H 4 Br-N:N-0C 6 H 4 N0 2 

which, at 80°, becomes transformed into its 
isomeride, p-bromobenzene-2-azoA-nitrophenol 

C 6 H 4 BrN:N-C 0 H 4 (NO 2 )OH 

(Dimroth and Hartmann, Ber. 1908, 41, 4027 ; 
Auwers, ibid. 4304). 

Occasionally traces of these intermediate 
diazoamines and diazo-oxides can be detected in 
the commercial azo- colouring matters (Vaubel, 
Z. Farben. Textil. Ind. 1902, 1, 3). 

V. Metallic Derivatives of Diazo- 
Compounds. 

In 1894 Schraube and Schmidt (Ber. 1894, 27, 
614) found that on adding a 10% solution of 
p-nitrobenzenediazonium chloride to 18% 
aqueous sodium hydroxide at 50-60°, a' sodium 
diazo- derivative separated in yellow bronzy 
leaflets, to which they gave the formula 

N0 2 C 6 H 4 NNa-N0,H 2 0, 

regarding the compound as the sodium deriva- 
tive of p-nitrophenylnitrosamine. This view of 
the constitution of the produot was confirmed 
by the action on the compound of methyl iodide, 
when p-nitrophenylmethylnitrosamine, 

NO 2 -0 6 H 4 -N(CH 3 )-NO, 
was obtained. 

This sodium salt, which was regarded by 
Hantzsch as having the constitution of an anti- 
diazo- compound, sodium p-nitrobenzene- 
diazo-oxide (». infra), has been manufactured 
for use in the production of “nitrosamine red” 
(Badische Anifin- und Soda-Fabrilr, G.P. 78874, 
80263, 81134, 81202). The addition of excess of 
mineral acid to this metallic diazo- derivative 
determines the regeneration of the original 
diazonium salt, but treatment with dilute acetic 
acid leads to the formation of a yellow product, 
p-nitrophenylnitrosamine, N0 2 -C G H 4 -NH-N0,a 
substance showing little tendency to couple with 
/3-naphthol. 

The silver derivative obtained from the 
foregoing sodium salt yields on methylation an 
oxygen ether NOj'CjHj-NiN-O'CHj, a re- 
action suggesting the possibility of tautomeric 
change. In many ■ instances two isomeric 
modifications of these metallic diazo- derivatives 
have been isolated. 
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Benzenediazonium chloride and cold concen- 
trated potassium hydroxide yield the normal 
labile form of potassium benzenediazo-oxide (I), 
which readily couples with /3-naphthol. The 
stable modification of potassium benzenediazo- 
oxide (II) is produced by heating the strongly 
alkaline solution of the normal or labile Balt at 
130-140° ; this isomeride couples only very 
slowly with /5-naphthol. 

According to Hantzsch, these isomerides have 
respectively the following formulae : 

c 6 h 6 -n c 6 h 6 -n 

KO-N N-OK 

I. Sun- (labile form). II. Anti- (stable form). 

Dobbie and Tinkler ( J.C.S. 1905, 87, 273) have 
found, however, that these isomeric potassium 
salts have totally different ultra-violet absorption 
spectra. But as stereo-isomerides, like the 
benzaldoximes, have identical absorption spec- 
tra, it seems probable that the above isomeric 
salts are structurally dissimilar. Confirmation 
of the stereochemical theory would be obtained 
by isolating the anfi-diazohydroxide from the 
stable (anti-) potassium salt, but on treating this 
with an acid, the nitrosamine separates. More- 
over, the product supposed by Hantzsch and 
Pohl to be an anii-diazohydroxide (Ber. 1902, 
35, 2964) was shown by Orton to be a mixture of 
quinonediazide and a hydroxyazo- compound 
(Proc. Roy. Soc. 1903, 71, 153 ; J.C.S. 1903, 83, 
796). 

The existence of the syn- diazohydroxides is 
doubtful, and diazonium hydroxides ( v . supra) 
are only known in solution. 

Diazo-an hydrides, RNtNON-.NR or 
RN-ON:NR 

•" , are very unstable explosive com- 

pounds produced by the action of acetio acid on 
the metallic syn-diazo-oxides. The anti- diazo- 
oxides, when thus treated, give nitrosamines. 

Aromatic diazoic acids, Ar-N 2 0 2 H. Ben- 
zenediazoio acid, produced by oxidising potas- 
sium benzenesyndmzo-oxido or -isodiazo-oxide 
with potassium ferricyanido in alkaline solution, 
is obtained in sparingly soluble white leaflets 
(m.p. 46°) dissolving readily in organic solvents 
or alkalis. With mineral acids it is transformed 
into o- and p-nitroaniline, and with hypo- 
chlorites it yields 4-chloro-2-nitroaniline. 
Its sodium salt gives the a- or N -ester, 
.C«H 5 -N(CH 3 )-N0 2 , the silver salt furnishes the 
jS- or O-ester, C 6 H 6 -N:NOO-CH 3 . Since the 
acid is also obtained by the action of nitrogen 
pentoxide on aniline it is probably a tautomeric 
substance : 

C 6 H 6 -NH NO a ^ C 6 H 5 -N:NO a H 

(Bamberger, Ber. 1893, 26, 471 ; 1894, 27, 359 
914, 584, 1273 ; Hantzsch, Ber. 1902, 35, 258). 

VI. Diazocyanides. 

The addition of the calculated amount of 
potassium cyanide to a cold acid solution of a 
diazonium salt determines the formation of a 
sparingly soluble diazocyanide. In many 
instances, two modifications of the diazo- 
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cyanides can be distinguished, and these varieties 
are regarded by Hantzsch as being stereoiso- 
merio forms, p Chlorobenzenediazonium chlor- 
ide, from p.chloramlme, yields below —6° the 
yellow labile syn-p-chlorobenzenediazo- 
cyanide (I), which readily evolves nitrogen. 


C,H t CI-N 

NC-N 

tyn-lKaiocy&nlde 

I. 


C t H 4 CI-N 

NCN 

mfi-Dlaxocyanlde 

n. 


yields p-chloTobenzonitinle on treatment with 
copper powder, and readily passes into the stable 
nnfi-p-chlorobenzenediazocyanide (II). The 
latter substance, which is not affected by copper 
powder, may be distilled in steam without 
decomposition (Hantzsch and Schulze, Ber. 
1895, 28, 666). 

Confirmation of this stereochemical theory 
of the constitution of the diazocyanides has 
been obtained by a study of the cyanides de- 
rived from p methosybenzenedjazonium chlor- 
ide. This salt with potassium cyanide m 
alcohobo solution yields the »yn diazocyanide 
(III), an orange-red insoluble substance (m.p. 
Cl°), which couples with 0 naphthol and slowly 
changes into the non coupling anti-diazo- 
cyanido (IV), a brownish red compound, melting 
at 121°, 


MeO C 4 H 4 -N MeO C 4 H 4 N 

n»L II CN 

III. IV. 

The existence of a third isomerio cyanide is 
indicated by evaporating at the ordinary tem- 
perature in the presence of excess of hydro- 
cyanic acid, an aqueous solution of p-methoxy- 
benzenediazonium hydroxide. The colourless 
crystalline product has the composition 
MeO C 4 H 4 N 4 CN,HCN,2H t O 

and possesses all the properties of a true metallic 
salt ; it is very soluble, and its solution is an 
electrolyte. Moreover, this double salt couples 
with/j-naphthol and is converted by alkalis into 
the yellow syn-diazocyanide. These properties 
correspond with those of tbo normal diazonium 
salts, and the foregoing soluble oyanide is re- 
garded as having the following constitution . 

MeO C g H 4 -N CN 
N 

(Hantzsch, Ber. 1900, S3, 2161 ; Euler and 
Hantzsch, 1901,34, 4166). 

The two pairs of diazocyanides from p- 
chlor&nihne and p-anisidine were examined 
spectroscopically by Dobbie and Tinlder, who 
found that each pair gave almost identical 
ultra-violet absorption spectra, whereas the 
above soluble diazonium cyanide gave an entirely 
different spectrum. These results are in accord- 
ance with Hantrach’s view of the configuration 
of the diazo- and diazonium cyanides (J.C.S. 
1905, 87, 273). 

It has, however, been suggested by several 
workers in this field that the isomerism of the 


diazooyanides is structural, the ayn- compounds 
being isocyanidea R-N:N-NC and their anti- 
isomeridea, cyanides R-N:N CN (Pechmann, 
Ber. 1895, 28, 861 ; Orton, J.C.8. 1903, 83, 
805). 

VII. Diazosulphonates. 

Although the stereochemical theory of the 
constitution of diazocyanides is supported by 
physical as well as chemical evidence, yet it is 
significant that the only other senes of salts in 
which this isomerism has been detected is one 
derived from sulphurous acid, a substance 
resembling hydrocyanio acid in giving rise to 
organic isomeric derivatives which are structur- 
ally dissimilar. 

The diazosulphonates, prepared by adding 
potassium sulphite to aqueous solutions of 
benzenoid diazonium chlondcs, frequently exist 
in two differently coloured modifications, but in 
most cases the ayn- lsomeride is too unstable to 
be isolated in a pure state. 

Potassium syn-2:4-dlIodobenzenedIazo- 
sutphonate (I) is an orange substance, whilst 
the anti- salt (II) is yellow : 

C.H.I.-N C.H.I.-N 


KOjS-N 

r. 


l!l-S0 4 K 
II. 


The diazotised naphthylaminea behave ex- 
ceptionally, yielding only syn-diazosulphonate», 
which, on warming, pass, not into tneir antt- 
isomeridea, but into the corresponding azo- 
naphthalenes (Hantzsch and Schmiedel, Ber. 
■897,30,71). 

The syn- and ant»- modifications of potassium 
benzenediazosulphonate, C 4 H 8 -N.NSOjK, 
were found by Dobbie and Tinkler (he.) to have 
identical ultra-violet absorption spectra. This 
fact supports the stereochemical t heory of their 
structures (c/. Hantzsch, Ber, 1894,27, 1726, 2099, 
2586; Bamberger, *b»d. 2930, 3527 i Bamberger, 
Ber. 1895, 28, 225, 444, 826 ; Pechmann, i bid. 
861 ; Claus, J. pr. Chem. 1894, [uj, 50, 239; 
Meyer and Jacobsen, Lehrbuch der Org. Chem. 
1902. ii, 303). 

VIII. Aliphatic DIazd- Compounds. 

The amines of the aliphatic series, when 
treated with nitrous acid, generally lose their 
basic nitrogen, the amino- group becoming re- 
placed by hydroxyl. In some cases, however, 
the nitrogen is retained and an aliphatic diazo- 
compound is produced, having the general 

y-N 

formula R H C<^ || with the azo- group attached 

entirely to the same carbon atom. 

An alternative formulation has been suggested 
for the aliphatic diazo- compounds in which 
one nitrogen is quinque valent, so that the general 
formula becomes ;>C-N- N (Thiele, Ber. 
1911, 44, 2522 ; Forster and Cardwell, J.C.8. 
1913, 103, 801 ; et. Ber. 1912, 45, 1654 j 1916, 
49. 1884. 

Although glycine is converted by nitrous 
acid or alkyl nitrites into glycolbo acid, yet it* 
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ethyl ester gives rise to ethyl diazoacetate, 
N 2 :CH-C0 2 -C 2 H s , a yellow liquid freezing at 
—22° and boiling at I43-144°/721 mm. (Curtins, 
Ber. 1883, 16, 2230). 

One kg. of ethyl aminoacetate hydrochloride 
and 750 g. of sodium nitrite are added successively 
to 2 litres of water containing 5 g. of sodium 
acetate. The mixture is shaken until the tem- 
perature falls to 0° ; 5 c.c. of 10% sulphurio 
acid and 600 c.c. of ether are added and the 
liquids thoroughly agitated. The ethereal layer 
is separated and the treatment with dilute acid 
and ether repeated until red fumes are evolved. 
The ethereal extracts are washed with dilute 
aqueous sodium carbonate till alkaline, dried with 
calcium chloride, and the solvent removed on the 
water-bath. The yield of ethyl diazoacetate is 
94-7% of the calculated quantity (Silberrad, 
J.C.S. 1902, 81, 600). 

With iodine, ethyl diazoacetate yields 
diiodoacetic acid, and with aldehydes it con- 
denses to form ketonic esters : 

R-CHO+N,:CH-COo-C,H 6 

^-r-co-ch 2 -co 2 -c 2 h s 

One of the most remarkable reactions of this 
diazo- ester is its condensation with benzene and 
its homologues, giving rise to a series of esters 
containing seven-membered hydrocarbon rings 
(Buchner, Ber. 1895-1903, 29, 106 ; 80, 632, 
1949 ; 81, 399, 402, 2004, 2241, 2247 ; 32, 705 ; 
33, 184 ; 36, 3509 ; Annalen, 1908, 358, 1). 

Ethyl diazoacetate when heated with alkalis 
undergoes a series of complex polymeric changes 
(Curtius, Ber. 1885, 18, 1283 ; 1906, 39, 1383, 
3398, 4140 ; 1907, 40, 84, 815, 1176, 1194, 1470; 
1908, 41, 3116, 3140, 3161 ; J. pr. Chem. 1888, 
[ii], 38, 408 ; Hantzsch, Ber. 1900, 33, 58 ; cf. 
Silberrad, J.C.S. 1902, 81, 598). 

Diazo- derivatives are not obtained from 
free o-amino-carboxylic acids, and only from 
those amino-esters of aliphatic acids containing 
the amino- group in the a-position with respect 
to the alkylated carboxyl group. The esters of 
those polypeptides which contain the amino- 
group in the a-position to a carbimino group can 
also be transformed into diazo- derivatives. 

NH,CH.-CONHCH 2 -CO.Et 

-*• N 2 :CH-C0-NH-CH 2 -C0 2 Et 
The a-aminoketones (e.g. a-aminoacetophenone 
C e H 5 -CO-CH,-N H 2 ) give diazo- compounds 
(Angeli, Ber. 1904, 37, 20S0), and so also do 
certain uric acid compounds, e.g. aminomethyl- 
uracil. 

J* 

Diazomethane,CH„<f |j orCH„:N:N,the 
N 

simplest aliphatic diazo- compound, is prepared 
by adding methyl-alcoholic potassium hydroxide 
to an ethereal solution of nitrosomethylurethane, 

C 2 H 5 -OCO-N(CH 3 )-NO, 
and distilling the mixture on the water-bath, 
when the distillate consists of an ethereal solu- 
tion of the diazo- compound, the yield being 
50% of the calculated quantity. This sub- 
stance is also produced by the action of hydroxyl- 
amine on methyldichloramine : 

CH 3 -NC1 2 +H 2 N0H=CH 2 :N,+ H 2 0+2HC1 


Diazomethane is a poisonous yellow gas 
condensing to a yellow liquid boiling at -24° to 
-23° and solidifying in pale yellow crystals 
melting at -145°. It is a powerful methylating 
agent, converting hydroxyl groups into 
methoxyl, and alkylating primary and secondary 
bases. With iodine, diazomethane gives nitrogen 
and methylene iodide, and aldehydes are con- 
verted into methyl ketones (cf. Meyer, Monatsh. 
1905, 26, 1295, 1311 ; Acree, Johnson, Brunei, 
Shadinger and Nirdlinger, Ber. 1908, 41, 3199; 
Schlotterbeck, Ber. 1907, 40, 479; 1909, 42, 
2559 ; Forster and Holmes, J.C.S. 1908, 93, 
242). 

Diazomethane combines additively with un- 
saturated compounds ; with acetylene it gives 
pyrazole (von Pechmann, Ber. 1898, 31, 2950), 
and with ethyl fumarate it furnishes ethyl pyra- 
zolinecarboxylate. 

Diazomethane reacts with certain aldehydes, 
forming methyl ketones : 

R-CHO+CH 2 N 2 = rco-ch 3 +n 2 

There is an alternative reaction exhibited by 
those aldehydes which show a tendency to form 
hydrates. When suoh aldehydes react with 
diazomethane, substituted etbylene oxides are 
formed. p-Nitrobenzaldehyde gives a mixture 
of p-nitroacetophenone and p-nitrophenyl- 
ethylene oxide, 

NO„-C 6 H 4 -CH-CH 2 

\/ 

o 

Similarly chloral is converted into 
aaa-trichloropropyleno-^y-oxide, CCI 3 -CH-CH 2 

(Arndt and Eistert, Ber. 1928, 61, [B], 1118, 
with Amende, ibid. 1949). 

A similar process occurs when acid chlorides 
treated with diazomcthane yield either diazo- 
ketones or chloroketones. In the former alter- 
native the acid chloride (1 mol.) is added to an 
ethereal solution of diazomethane (2 mols.) : 

R-COCI+CH s N 2 =R-CO-CHN 2 +HCI 

The hydrogen chloride liberated decomposes any 
excess of diazomethano ; it also attacks the 
diazoketone so that the corresponding chloro- 
ketone may be prepared by the following re- 
action : 

RCO-CHN,+ HCl=R-COCH 2 CI+N 2 

(Bradley and Bobinson, J.C.S. 1928, 1310, 
1545, 2904 ; Arndt and Amende, Ber. 1928, 61, 
[B], 1122). 

Although for some time open-chain formulas 
have been adopted for aliphatic diazo- compounds 
R 2 C = N N and azides R-N = N ~ N, there is 
no really convincing evidence for these formula- 
tions. An examination of the electron-diffrac- 
tion pattern of the vapour of diazomethane 
suggests that the compound is in resonance 



H.C — N=N. Azomethane when similarly 
examined indicates the conventional formula 
CH 3 -N = N-CH 3 , but with methyl groups in 
the trant - positions (Boersch, Monatsh. 1935, 



600 


DIAZO- COMPOUNDS. 


65, 311). Determinations of the parachors of 
certain azides made by Lindematm and Thiele 
(Ber. 1928, 61, [B], 1529) are in favour of the 
cyclic arrangement, as is abo the evidence 
derived from dipole moments. 

Further support for the older cyclic 

/N 

for aliphatic diazo- compounds R.C^ fl i 
X N 
/N 

azides RN<_ )| is obtained from consideration of 

the boHing-pointa of many of these derivatives, 
which, if cyclic, should approximate to the 
boiling -points of the corresponding halides, 
whereas an open-chain structure would require 
boding points, near those of the rutro- compounds. 
Actually the boilmg-poicta of the azides lie rear 
those of the bromides or between these and the 
boiling points of the iodides (e/. Forster and 
Newman, J.C.S. 1910, 97, 2572), whereas the 
boiling-points of the aliphatic diazo- compounds 
lie very near to thoso of the chlorides ; those of 
the njtro- compounds aro always much higher 
(Sidgwick. J.C.S. 1929, 1108 ; Hantzsch, Ber. 
1933, 66, (B), 1349). 

Diazoethane, CH,-CH.N,, and phenyl- 
diazomethane, C 4 H, CH.N,, liave both been 
prepared (Hantzsch and Lehmann, Ber. 1902, 
65, 897). The former closely resembles diazo 
methane, the latter w a dark red oil. 

Substitution increases considerably the 
colour of these diazo- derivatives : dimethyl- 
diazomethane, C(CH t ) 1 -N t ,isred and diphenyl 
diazomethane la obtained in bluish-red needles 
melting at 20“ (Staudmgcr, Ber. 1916, 49, 1884) 

Diazomethane should not be confused with 
azomethane, CHj-N:H-CH„ the simplest azo- 
compound, which is produced by oxidising 
symmetrical dunethylhydrazine (hydrazome- 
thane) with chromic acid (Thiele, Ber. 1909, 42, 
2576). Azom ethane is a colourless gas con- 
densing to a pale yellow liquid (b p. 1-6°). 

DIazomethanedisulphonic acid, a note- 
worthy example of an aliphatic diazo- compound, 
results from the interaction of potassium cyanide 
and potassium, bisulphite in presence of caustic 
potash. The solution, acidified and treated with 
nitrous acid, yields successively aminomethane- 
disulphonic acid and the diazo- compound. 
Sulphurous ncid and diazomethanedisulphonic 
acid yield an additive compound which, on 
boiling, furnishes hydrazine (von Pechmann, Ber. 
1895, 28, 2374 ; 1896, 29, 2161). 

Dlazoacetone, CH,-CO CH.N,, a pale 
yellow liquid, is obtained from arotnoacctjl- 
acetone by converting this base into diazoacctyl- 
acetcme anhydride and treating this product 
with aqueous caustic alkali (Wolff, Annalen, 
1912, 3M, 23). 

Metallic diazo- derivatives of the ali- 
phatic series are produced by treating tutroao- 
alkyl urethanes with concentrated caustic potash 
solutionor ethereal potassium ethoxide. Potas- 
sium methyldlazo-oxlde, 

CH > 'N:N0K,H,0, 
separates in white crystals, when nitrosomethyb 
urethane is added to concentrated aqueous 
caustic potash at 0“. Potassium benzyl- 


diazo-oxlde, C e H s -CHj-N.N 0K,H,0, is 
similarly prepared from nitrosobenzylurethane. 
These metallic derivatives are very unstable ; 
they are decomposed by water with explosive 
violence, yielding respectively diazomethane 
and phenyldiazomethane (Hantzsch and Leh- 
mann, Ber. 1902, 35, 897). 

Bibliography. — Hantzsch, “Dio Diszoverbin- 
dungen, Ahren’s Sammlung, Chemischer und 
Chemiseh-technischer Vortrage,” 1902 ; Morgan, 
" Our Present Knowledge of Aromatic Diazo- 
Compounds,” Brit. Assoc. Report, 1902 ; Eibner, 
“ Zur Geschichte der Aroma tischen Diazo verb in - 
dongen," 1903 ; Cain, “ The Chemistry and 
Technology of the Diazo- Compounds," 1920 ; 
Saunders, “The Aromatic Diazo- Compounds 
and then Technical Applications," 1936. 

O. T. M. 

D 1 AZOD I NITRO PHENOL (4:6-di- 
nitro-2-diazophenol). This example of the 
non metallic explosive primer has been patented 
by IV- hi. Dehn (U.S.P. 1404687), who claimed 
that it is suitable for general pruning purposes, 
especially where fouling and amalgamation with 
metals are to be avoided. It is stated to 
be non-hygroscopic and can be stored under 
water at ordinary temperatures for months 
without undergoing any appreciable change. 
It is stable in contact with cold mineral acids 
but is decomposed by alkalis. Diazoduutro- 
phenol can be safely and strongly compressed 
without its explosive power being impaired. 
When heated above 150°C., it explodes violently, 
but if finely divided and wetted with water it 
cannot bo detonated by means of a No. 8 cap. 
Dmodimtrophenol is more powerful than 
fulminate of mercury and when mixed with 
potassium chlorate in suitable proportions 
exhibits about 40% more energy on detonation 
than the most efficient mixtures of fulminato and 
chlorate. 

HS. 

D I AZOTYPE PAPER v. Duzo- Cox- 
roonps (this vol. p. 590a). 

o-o’-DIBENZIL, 

PhCO CO C.H^HvCO COPb, 
for method of preparation, tee Zincke and 
Tropp (Annalen, 1908, 363, 302). 

DIBROMIN, 55 dibroraodialiylbarbitunc 
acid (r. Babbit unic Acid, VoL I, p. 623). 

D I CARBOXYLIC ACIDS, Higher Ali- 
phatic. There are three general synthetic pro- 
cesses for the production of theso compounds : 

(i) The electrolysis of the potassium salts of 
the half-esters of lower dicarboxylic acids : 
2CO,Et [CH t ]n-CO t K 

* * ^CO t Et[CH,VCO,EI 

(Crum Brown and Walker, Annalen, 1891, 261, 
123 ; Walker and Lumsden, J.C.8. 1901, 79, 
1200} Carmichael, ibid. 1922, 121, 2545? 
Fairweather, Proo. Roy. Soc. Edin. 1926, 46, 
71). 

(ii) Condensation of the appropriate dibakde 
with potassium cyanide, followed by hydrolysis : 

KCN 

Br[CH,kBr ► CNICH^CN 

b £^' CO,H [CH,VCO,H 
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(von Braun, Ber. 1909, 42, 4550 ; von Braun 
and Danziger, ibid. 1912, 45, 1976). 

(iii) Condensation of the appropriate dihalide 
with ethyl sodiomalonate, followed by hydrolysis 
and decarboxylation, e.g. : 

Br-[CHJ„-Br 

v ' (CO a Et) 2 -CH [CH 2 VCH(CO a Et) 2 

v C0 2 H[CH 2 J„ +2 -C0 2 H 

(Franke and Hankam, Monatsh. 1910, 31, 188 ; 
Chuit, Helv. Chim. Acta, 1926, 9, 264 ; 1927, 10, 
167). 

The dihalides necessary for procedures (ii) and 
(iii) may be obtained from a lower dibasic acid 
by the following series of operations : 

C0 2 Et[CH 2 ] n -C0 2 Et 

reduction 

> OH-CH 2 -[CH 2 VCH 2 -OH 

j HBr 

Br-[CH 2 }n+ 2 'Br 

If desired, two more methylene groups may be 
introduced into the chain, thus : 

Mg 

Br-[CH 2 ]„-Br y, BrMg[CH 2 ]„MgBr 

| CHjCI-OMe 

MeOCH 2 -[CH 2 ]„-CH 2 -OMe 

| HBr 

Br-(CH 2 ] n+2 -Br 

(Chuit, l.c.). 

Certain of these acidB occur naturally ; thus, 
tetradecane-l:14-dicarboxylic acid (thapsic 
acid), C0 2 H-[CH 2 ] 14 -C0 2 H, occurs, in com- 
bination, in tho roots of Thapsia garganica L. 
(Canzoneri, Gazzotta, 1883, 13, 514) and as a 
glyceride in tho wax of Juniperus Sabina 
(Bougault, Compt. rend. 1910, 150, 875), 
and heptadecane-l:17-, octadecano-l:18-, and 
nonadecane-l:19- dicarboxylic acids as gly- 
cerides in Japan wax (Goitel and van der Want, 
J. pr. Chem. 1900, [ii], 61, 153 ; Schaal, Ber. 
1907, 40, 4785 ; Ruzicka, Stoll and Schinz, 
Helv. Chim. Acta, 1928, 11, 670). 

The chief interest of these compounds lies, 
however, in their conversion into ketones by 
distillation of their thorium salts ; the large-ring 
ketones so obtained are useful in perfumery as 
fixatives, cyclopentadecanono (exaltone) being 
particularly valuable in this respect. For a 
general review of this subject, see Ruzicka, 
Chem. and Ind. 1935, 54, 2. 

The melting-points of the best-known straight- 
chain higher dicarboxylic acids, 

C0 2 H[CH 2 ]mC0 2 H, 
are given in the following table : 

n. 9 10 11 12 13 14 15 16 

m. p.110 0 128° 113° 126° 116° 124° 118° 125° 

n. 17 19 20 21 24 28 32 

m.p. 119° 112° 124° 118° 124° 123° 123° 

H. N. R. 

DICENTRINE, C 20 H 21 O 4 N, an alkaloid 
occurring in various' Dicentra species, first 
isolated by Heyl from D. formosa (0-1%) (Arch. 


Pharm. 1903, 241, 313), later by Asahina from D. 
pusilla (0T4-0-35%) and D. spectabilis (Arch. 
Pharm. 1909, 247, 201) and by Manske from D. 
oregana and D. eximia (0-31%) (Canad. J. Res. 
1933,8,592 ; 1934,10,765). It crystallises from 
Et 2 O.EtOH or CH 3 'C0 2 Et in prisms, m.p: 
168-169°, [o] D +62-1° (in chloroform). The 
salts are well crystallised, characteristic is 
dicentrine-methine, m.p. 158-159° (Manske l.c. ; 
Ghose, Krishna, and Schlittler, Helv. Chim. 
Acta, 1934, 17, 919). Absorption spectrum, see 
Girardet (J.C.S. 1931, 2630) and Kitasato (A. 
1927, 1094). Gadamer, for theoretical reasons, 
assigned the following constitution to dicentrine 
(Arch. Pharm. 1911, 249, 698) — 



Dicentrine. 


which was found to be correot by synthesis 
(Haworth, Perkin and Rankin, J.C.S. 1925, 2018; 
1926, 29). 

Osada (Amer. Chem. Abstr. 1928, 22, 3664) 
by splitting off from dicentrine the methylene- 
dioxy- group with phloroglucinol-H 2 S0 4 and 
completely methylating the phenolic base ob- 
tained glaucine. Dicentrine was obtained by 
methylating the phenolic alkaloid actino- 
daphnine (Ghose, Krishna, and Schlittler, l.c.). 

According to Iwakawa (Arch. exp. Path. 
Pharm. 1911, 64, 369) dicentrine in small 
doses produces narcosis, in largo doses it causes 
convulsions, attacks tho heart, and paralyses the 
respiratory centres. 

Schl. 

DICHLORAMINE T, toluene-p-sulphondi- 
chloramide, C B H 4 Me-S0 2 -NCl 2 , is produced 
by treating toluene with chlorsnlphonic acid, 
converting the sulphonic chloride thus obtained 
into the amide which is then chlorinated (see 
T. Aldoschin, G. Chimici, 1934, 28, 87). Under 
many trade names it is now of great importance 
in many fields, e.g. as a disinfectant (R. Dietzel, 
Arch, Pharm. 1928, 266, 123 ; D.R.P. 4Q1011 ; 
Dan. P. 49704, etc.), as a bleaching agent in the 
textile industry (H. Tatu, Rev. gen. Teinture, 
1933, 11, 883), as a disinfectant for agricultural 
purposes (U.S.P. 2002589), as an oxidising and 
chlorinating agent (A. Bradlield, J.C.S. 1928, 
782 ; J. Koetschet, Helv. Chim. Acta, 1930, 13, 
587 ; G. Schiemann, Z. angew. Chem. 1927, 40, 
1032), etc. 

2:5-DICHLOROAN ILI NE, 

NH 2 

ci<^ \ci 

is prepared by reducing the corresponding nitro- 
compound with tin and acid (Jungfleisch, Ann. 
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Chim, 1 868, [ivj, 15. 259) with nickel and 
hydrogen (F.P. 621434) or by chlorination and 
subsequent hydrolysis of 3-chloroacetanilide 
(Be date in and Kurbatov;, Annalen, 1879, 166, 
215, 220). For preparation, tee M. Kohn and 
B. Fink, Monatsh. 1831, 58. 73). 

2 5-DiclJoroamlme has m p. 50°, b p. 250°. It 
undergoes the normal Bkiaup reaction to give 
6.8 dichloroquinohne (F.P. 727528), but is more 
valuable as the first component of a variety of 
azo- dyestuffs <G P. 112820, 193211, 251843, 
256999 ; B.P. 329353, etc.), and others which, 
whilst not true azo- dyestuffs, yet employ 2 5- 
dichlorodiazobenzene salts aa intermediates 
(Q.P. 460087, B.P. 314899). It yields 2 5- 
dichloroaniUne-A-«u}phonic acid on sulphonation 
with fuming aulphuno acid at 170-180®, 
this is oxidised by potassium dichromate to 
2 S-dichloroguinone (Noeltmg and Kopp, Ber. 
1905, S3, 3513), and on diazotisation affords the 
diazoanhydride (Battegay, Ber. 1906, 39, 84), 
which yields azo- dyestuffs (G.P. 222991, 268599, 
273934). 

DICHROITE, a silicate of aluminium and 
magnesium with some forrous iron replacing 
magnesium. 

DlcmCHONlClNE (OIC1NCHO- 
NJNE) v. Cinchona Alkaloids, this vol. 
p. lfild. 

DI-CITURIN. Trade name for the mono- 
potassium salt of diacetylcitnc acid (Paynes and 
Byrne, London), B.P.C. 1934. 

DICKITE. A crystallised clay mineral, 
H { AI,Si 1 O t . differing shghtly from kaolinite in 
its optical characters and X-ray pattern. 
The minute crystals from Almwch in Anglesey 
were first described as kaolinite by A. B. Dick In 
2888. 

L. J. S. 

D1CONQUININE v. Cinchona Alka- 
Loips, this vol , p. 162a. 

DICRQTYL; A^-oc taditnt, v. Butadienes 
and P oly olefins (non-conjugated). 

DICTAMNINE, C„H t O,N, occurs in 
Dietamnue albut (white dittany; Fr. dielame 
blane, Ger. Weister Diplam), which belongs to 
the Rutaceas. It was first isolated by Thoms 
(Ber. Dent, pharm. Ges. 1923, 33, 68 ; Arch. 
Pharm. 1930, 268, 39) (yield 0 3%), and later by 
Asahina, Ohta and Inubuse (Ber. 1930, 63, fB), 
2045) from Sfammta repent Nakai (yield 
0 2%). For extraction, tee Asahina et a l. (/.e.) 

It forms colourless prisms, m.p. 132-133®, 
and is an optically inactive, unsaturated weak 
base, insol. H t O, sol. warm EtOH and CHCI,, 
less in Et,0 and CH, CO.Et ; yields sparingly 
soluble chromate, picronolate m.p. 178®, chloro- 
aurate, chJoroplatmate, and picrate m.p. 163®. 
The hydrochloride, m.p. 170® (decomp ), 
hydrolyses in hot H,0 and the free base 
separates. 

When treated with metbyliodide m a sealed 
tube, dictaranine (I) is converted into iso- 
dictaranine (II), which contains -NMe instead 
of -OMe, a reaction characteriatio of a- and 
y-methoxyquiaolmes. By oxidation and decar- 
boxylation Asahina et al. (I e.) finally obtained 
2.4-dihydroxyquinoIine, which makes the follow- 
ing formula; probable : 



An isomerio pseudo-dictamnine was synthesised 
by Asahina and Inubuse (Ber. 1932, 65, [B], 61) 
physiological action of dictamnine, tee Thoms 
and Asahina. 

Thoms (A. 1930, 383) further isolated from 

1 albut: diclamnolactone, Cj,H,,0,. mp 
279-280®; fraxintUone, C 14 H 15 O s , m.p. 117®, 
[a]” —38 39° ; tngonelline and choline. For 
dictammo acid and dictaranal, tee Asahina el el. 
(l.c ). Shmmianine, CjjH 1s 0 4 N, was isolated 
from the leaves of S. japaniea Thunb. (yield 
0 06%) by Honda (Arch. exp. Path. Pharm. 1904, 
52, 68). The close relationship to dictamnine was 
suggested by the great similarity of the absorp- 
tion spectra. The alkaloid, a weak base, 
crystallises in pnsms, m p. 176°, salts hydrolyse 
in HjO, picrate, m.p. 195-197° (decomp.). It 
contains three OMe groups and, like dictam- 
lune, is converted by metbyliodide into isoskim- 
mianine. Asahina and Inubuse (Ber. 1930, 63, 
[BJ 2052) consider that skimmianine Is 7-8-di- 
methoxy dictamnine. 

From Ortza japonica Terssaka isolated four 
alkaloids (Amer. Cbem. Abstr. 1932, 26, 730 ; 
1935, 29, 7337) : 

Oririite, C 18 H M 0 8 N or C ls H n OjN, [a]” 
+ 83-29°, m.p. 152 5°. 

Kohitagine, Cj 3 H,0 4 N, optically inactive, 
m p. 201°. 

Xokutagmine, C 11 H 1*° 4 N or C 14 H, s 0 4 N, 
m p 171°. 

Kohisaginohne, CirHj.OjN-UHA mp. 
283°. 

The properties of these four new alkaloids are 
very similar to those of dictamnine and ekim- 
misnino ; the similarity also of the absorption- 
spectra is striking. Probably all contain tho 
same heterocyclic ring-system. Terasaks sup- 
poses kokusagino to be 6 7 -methyIenedioxy- 
dictamnine. 

Schl. 

D1CTAM NO LACTONE v. Dictsmmne. 

DICYANINE r. Cyanine Dyes. 

DICYANODIAMIDE. (H 3 CN,) f , or 
cyanoguamdine. Obtained by polymerisa- 
tion of cyanamide or, more conveniently, from 
commercial calcium cyanamide (’’ Kalkstick- 
stoff”). The polymerisation is facilitated by 
addition of small amounts of acid, insufficient 
to combine with all tho calcium present, and by 
boiling for a few hours. From the filtered 
extract d i cyan odia nude crystallises in colourless 
needles, m.p. 205°. On heating sodium cyan- 
amide with ammonium sulphate on ft water bath 
cyanamide separates as an oil and on stirring or 
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shaking polymerises in a few hours (Hermann, 
Monatsh. 1905, 26, 1025). The rate of poly- 
merisation is dependent on the reaction of the 
solution used and is greatest atp H 9-6, decreasing 
rapidly above and below this point (Buchanan 
and Barsky, J. Amer. Chem. Soc. 1930, 52, 195). 

, On warming with dilute acid dicyanodiamide is 
converted into dicyanodiamidine (guanyl urea), 
NH 2 (NH:)C-NH-CONH 2 , 
which forms a characteristic insoluble compound 
with nickel, Ni(C 2 H B N 4 0) 2 (Grossmann and 
Schiick, Analyst, 1910, 35, 247 ; 1909, 34, 455 ; 
1907, 32, 273, 394). This reaction has been 
utilised in the determination of nickel in the 
presence of cobalt (cobalt dicyanodiamidine is 
soluble in water). The nickel compound can be 
dried at 115-160° without decomposition. 
C. D. Garby (Ind. Eng. Chem. 1925, 17, 266) 
has adapted the reaction to the determination 
of dicyanodiamide, this is first converted to 
the -amidine, which is then precipitated as the 
nickel compound. Dicyanodiamide may also be 
determined as the insoluble compound with silver 
picrate (Johnson, J.S.C.I. 1921, 40, 125T). 
Reduction of dicyanodiamide with zinc and 
dilute hydrochloric acid yields guanidine 
(dicyanodiamidine probably being formed inter- 
medially (J. Bell, Sci. Proc. Roy. Dublin Soc. 
1926, 18, 207)), and hydrocyanic acid which is 
rapidly reduced to the further stage of methyl- 
amine (Bamberger and Seeberger, Ber. 1893 
1683). Dicyanodiamide, on treatment with a 
mixture of nitric and sulphuric acid is con- 
verted into nitrodieyanodiamidine, and heat- 
ing with ammonium salts (chloride, nitrate, 
or thiocyanate) yields guanidine salts ( Wemer 
and BeU, J.C.S. 1920, 117, 1133 ; Ewan and 
Young, J.S.C.I. 1921, 40, 109), probably by 
intermediate formation of diguanidc salts. 
Condensation with dialkyl cyanacetic or malonic 
esters produces pyrimidine derivatives, e.g. 
with ethyl diethylcyanacetate a condensation 
product is obtained which on treatment with 
sulphuric acid gives barbituric acid (Bayer 
& Co., G.P. 165223 ; Chem. Zentr. 1906, 1, 
514). On autoclaving dicyanodiamide with 
liquid ammonia at 150° an 80% yield of, 
■melamine, C 3 N 3 (NH 2 ) 2 , is obtained. With 
ammonium carbonate, carbon dioxide, and 
water under similar conditions, 75% of melamine 
and 25% of guanidine carbonate are formed 
(W. Scholl et al., Ind. Eng. Chem. 1937, 29, 
202). Condensation with formaldehyde in the 
presence of acid yields an artificial resin (F.P. 
665210) which on addition of casein forms 
plastio moulding composition (B.P. 323047, 
1927). The constitutional formula of dicyano- 
diamide has been variously described as 
NH 2 (N H:)C-NH-C- N,(NH 2 ) 2 C:N'C ; N (Bam- 
berger, Ber. 1883, 16, 1459 ; 1891, 24, 899 ; 
Pohl, J. pr. Chem. 1908, [ii], 77, 533 ; Prianisch- 
nikoff, J.S.C.I. 1909, 28, 724) and more recently 
as the Baumann formula : 


/ NH \ 

HN:C( JJC:NH 
\NH/ 

H 2 N < n > C ' NH2 


P. Chastellain (Helv. Chim. Acta, 1935, 18, 
1287) after a detailed study of the chain of 
reactions 

add 

dicyanodiamide > dicyanodiamidine 

NaOH at 100“ 

> guanidine > urea > ammonia 

concludes that dicyanodiamide is a tautomeric 
compound : 


N H:C 


/ NH \ 

\nh/ 


C:NH 


(a) 


^ NH:C(NH 2 )NHCN 

( 6 ) . 


and that in neutral and alkaline solutions and 
probably in the solid form it has the structure 
(a), whereas in acid solution this is transformed 
into (6). 

The commercial fertiliser calcium cyanamide 
nsually contains small amounts of dicyanodia- 
mide which was formerly supposed to be the cause 
of seedling losses sometimes observed when the 
fertiliser was applied at or within a few days of 
sowing (Cowie, J. Agric. Sci. 1918, 9, 113). 
This is now known to be a fallacy (Lefort des 
Ylouses, Chim. et Ind. 1927, 18, 216). More- 
over, the amount of dicyanodiamide in modem 
forms of calcium cyanamide is extremely small. 

A. G. Po. 

DIDIAL. Trade name for a preparation 
containing dial and ethylmorphine diallyl- 
barbiturate, administered as a powerful hypnotic 
(Oiba, London). B.P.C. 1934. 

“DIENE SYNTHESIS” v. Alizarin 
and Allied Colouring Matter, Vol. I, p. 208. 

m-DIETHYLAM I NOPHENOL, 



m.p. 78°, b.p. 201°/25 mm. is best made by 
sulphonation of diethylaniline followed by alkali 
fusion of the m-sulphonic acid (D.R.P. 44792, 
U.S.P. 403678 ; for a review of other methods, 
see SanBome, Rev. Gen. Mat. Col. 1924, 28, 127). 

771 -Diethylaminophenol readily undergoes con- 
densation with many compounds ; 1-2-dicar- 
boxylic acids (e.g. itaconio, citraconic, succinic, 
etc.) give rhodamine dyestuffs, Rhodamine B 
(Brilliant Rose B) being the derivative of 
phthalic acid; It is a source of triphenylmethane 
dyes (D.R.P. 205758, 229466), oxazine dyes 
(D.R.P. 300253), and many others, and is used 
as an anti-oxidant in rubber technology (U.S.P. 
1899120). 

DIETHYLANILINE, C 6 H 6 -NEt 2 , is pro- 
duced by the classical methods of ethylation 
applied to aniline halogen hydrides ; by treat- 
ment of aniline with diethyl sulphate in presence 
of lime (U.S.P. 1570203), with alcohol and 
sulphuric acid (Laptew, Anilin Earb. Ind. 
(Russ.), 1934, 4, 551), with ethyl chloride and 
lime under pressure (U.S.P. 1923697, 1994851), 
with ether under pressure (F.P. 768142), par- 
aldehyde under pressure (F.P. 776613), etc. The 
simultaneous reduction and ethylation of nitro- 
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benzene with 2jno and acetaldehyde (D.R.P. 
491856) and many catalytic processes employ- 
ing alcohol as the ethylating agent {Brown and 
Reid, J. Atner. Cbem. Soc. 1924, 46. 1836; 
Roy, J. Indian Chem. Soc. 1928, 5, 383; F.P. 
669824) are of particular interest. A variety of 
methods employing ehlorsulphomc acid (B.P. 
270930), phosgene (B.P. 273923), phthabc acid 
(U.S.P. 1890246), maleic anhydride (U.S.P. 
1991787), etc., are available for the removal of 
partially alkylated by-products. Diethylamline 
has m.p. —81®, b.p. 216 5°. 

Diethylamline is characterised by its quater- 
nary addition compound with benzyl chloride 
(m.p. 104°) (Marvel and co-workera, J. Atser. 
Chem. Soc. 1929, 61, 3638) and is recommended 
as a reagent for aluminium (Grosset, Ann. Soc. 
*ei. Bruxelles, 1933, [B], 63, 16) and zinc 
{Eegnwe, Z. anal. Cbem. 1928, 74, 226). 

Diethylamline is used in the preparation of 
tlipkenylmethane derivatives (U.S.P. 1954484, 
1803331) of azo dyestuffs and of dyestuffs 
belonging to the tnphenylmethane and safran- 
ine series (F.P. 755338), etc. It also finds appli- 
cation in the treatment of lubricating oils (F.P 
636332) and as an anti-oxidant in rubber 
chemistry (D.R.P. 345160). 

D1ETZEITE. A double iodate and chrom. 
ate of calcium crystallising in the monoclinic 
system, discovered in 1891 in the sodium nitrate 
deposits of Atacama, Chile. Analyses lead to 
the formula 7Ca(l0 3 ) 3 8CaCr0 4 , but the 
simple double salt formula Ca()0 3 ) t -CaCr0 ( 
appears more probable. Distinct crystals are 
rare, the mineral usually forming crystalline 
fibrous aggregates of a dark gold-yellow colour 
Sp.gr. 3 698, It is soluble in hot water ; on 
cooling, crystals of hydrated calcium iodate 
(Ca(10 3 ) 3 +6Hj0) separate, leaving the cal- 
cium chromate in solution. The simple calcium 
i odaU Ca(l0 3 )j, called lavlante, occurs m the 
same deposits. 

L. J. S. 

DJFFRACTAIC ACID, a lichen acid. 

DIFFUSION. In any gaseous mixture or 
liquid eolution the composition ultimately 
becomes the same whatever the original distribu- 
tion of the gaseous or dissolved substances may 
have been. In very large systems, as, for 
example, the atmosphere, there is a small 
change in composition with height above the 
earth’s surface which is due to the change m 
gravitational attraction with the size of the 
molecule. In the laboratory or factoiy this 
effect ia negligible except when the gravitational 
or accelerating force becomes very large as in 
the high-speed or i tllra-unln/uge. Abnormal 
separations of the above type will not be con- 
sidered in the present article. The process by 
which the condition of equilibrium is reached is 
termed diffusion and it depends not on the 
circulation of the unequally distributed sub- 
stance aa a whole, but on the vibrations of 
individual molecules. According to the kinetio 
theory a mass of gas which macroscopically is 
at rest, is actually the scene of great activity 
on the part of the constituent molecules. These 
move with a high velocity and alter the direction 
of their motion only after they collide with one 
another or with the walls of the containing 


vessel. The occurrence of diffusion in gases 
thus becomes intelligible, and there is ample 
experimental evidence for extending the kinetic 
theory to the liquid state and for considering 
that the molecules therein are also in a state 
of constant motion. Even in sobd3 the atoms 
can, under certain conditions, change their 
position in the ciystal lattice.'and a large number 
of examples of diffusion through solids are now 
known. 

Diffusion of Gases. 

The upward diffusion of heavy vapours, t g. 
bromine, into lighter gases has always been 
a popular lecture experiment, and in the latter 
part of the last century much work was done 
m investigating the quantitative laws that 
governed this process (see Loschmidt, Sitzungs- 
ber. Akad. Wiss. Wien, 1870, 61, 367 ; 1870, 
62, 468 ; von Obenneyer, ibid. 1880, 81, 1102 ; 
1882, 85, 147, 748 ; 1883, 87, 188 ; 1887, 96. 
646 ; Waits, Ann. Physik, 1882, 17, 201, 351 ; 
Lomus, \bid 1909, 29, 664 ; Brown ami 
Escombe, Phil Trans B, 1900, 103, 223). Many 
experimental difficulties are met when direct 
diffusion experiments are attempted, and it is 
much easier to study diffusion through porous 
plugs or through small apertures (effusion) 
In the above cases Graham (“ Chemical and 
Physical Researches,” T. and A. Constable, at 
the Edinburgh University Press, 1870, pp. 44, 
88) was able to show that the volumes of different 
gases diffusing under standard conditions in a 
given time were inversely proportional to the 
square roots of their densities. Knudsen (Ann. 
Physik, 1009, 28, 76) obtained the same result 
when gases were allowed to pass through a 
capillary tube (transpiration). The above rela- 
tionship holds only approximately unless the 
mean free path of the gas molecules is large com- 
pared with the aperture through which it ia 
being driven — with a largo bole the phenomenon 
is obviously one of the viscous flow and pot 
diffusion. The larger the above ratio becomes 
the better is Graham’s law obeyed (see TimoKeff, 
Z. physikal. Chem. 1890, 6, 580 ; Donnan, Phil. 
Mag. 1900, 49, 423 ; Emieh, Monatsh, 1003, 24, 
747 ; Knudsen, Ann. Physik, 1909, 28, 999). 
The study of diffusion in gases ha a been con- 
tinued by M. Trautz and co-workere as part of a 
general investigation into gaseous mixtures (*«< 
Trautz and Miiller, Ann. Physik, 1935, 
[v], 22, 313). Their work has been criticised 
by J. Kuueinen (Ann. Physik, 1035, [vj, 24, 
445). The problem of calculating diffusion 
velocities in factory plant has been atuded 
by W. Roth (Arch. Eisenhiittenw. 1934-35, 8, 
401), where equations suitable for the solution 
of practical problems are given. B. fCries and 
N. Seljakov (Z. Physik, 1935, 94, 134) working 
on mixtures of carbon dioxide and air have 
studied the conditions of diffusion at high 
pressures. The evaporation and diffusion of 
solvent vapours into air has considerable 
technical importance. E. R. Gilliland (Ina- 
Eng. Chem. 1934, 20. 681, 1093) has measured 
tho velocity of these processes for a number of 
liquids including water, butyl alcohol, and 
toluene, and, to facilitate reference, Ibo results 
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are represented graphically. The process of 
evaporation has been shown to consist of diffu- 
sion of the vapour from a supersurface layer into 
the gas phase and this diffusion is governed 
by the ordinary kinetic laws (E. Preston, 
Trans. Faraday Soc. 1933, 29, 1188 ; 1935, 31, 
776, 1093). An ingenious apparatus for measur- 
ing the diffusion of vapours of volatile solids 
through gases is described by B. Topley and 
R. Wbytlaw Gray (Phil. Mag. 1927, [vii], 4, 
873). A small sphere of the substance under 
investigation is suspended from a fine quartz 
fibre which has been wound into a spiral, 
thus forming a spring balance 1 which enables the 
loss in weight of the bead to be measured 
directly, the vapour being taken up by an 
adsorbent which is spread on the sides of the 
container. An accuracy of 2% was obtained 
for the passage of iodine vapour through air at 
temperatures between 14° and 30°C. 

The principles of the diffusion of gases and 
vapours have important applications in the 
designing of pumps for high vacuum purposes. 
They have also been utilised by G. Hertz (Z. 
Physik, 1934, 91, 810 ; see also Barwich, ibid. 
1936, 100, 166) in constructing an apparatus 
which enables the isotopes of the elements to be 
separated. One of the units from which the 
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apparatus was built up is shown diagram- 
matically in the fig. I. The gas enters the 
unit through a glass tube A in the direction 
shown by the arrow. It passes into a special 
porcelain diffusion tube B, which, by means of a 
grading glass, can be fused to the rest of the 
apparatus. A light fraction diffuses through B 
and is collected in the glass jacket C; it is 
pumped off and circulates with the gas in the 
previous unit. The remaining gas passes into 
another porous tube D through which a sample 
of medium density gas passes ; the light fraction 
from the next unit is added to this and the 
mixture recirculated by means of a pump P. 
Finally the heavy remainder of the gas passes 
through E to the next unit where the whole 
cycle of operations is repeated. Thus in each 
unit there is a continuous process of separating 
the gas into three fractions, and by increasing 
the units it is possible to obtain any desired degree 
of separation. Herz has separated deuterium 
from hydrogen, also the neon and oxygen iso- 
topes ; indeed, once it is working, even small 
differences in density lead to effective separa- 
tions. 

Diffusion Through Metals. — The passage 
of a gas across a diaphragm takes place not 

1 The quartz spring is usually spoken of as a McBain 
Microbalance. 
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only when the diaphragm is porouB but also if it 
has the power of dissolving or absorbing the 
gas. For example, the ease with which hydro- 
gen will pass through hot platinum or palladium 
sheet has been known for many years. More 
recently further examples have been investi- 
gated and most of them have technical applica- 
tions either in the wireless valve or metal 
industries. The more important of these papers 
are tabulated below. 

N 2 through Cr. — G. Valensi, J. Chim. phys. 
1929, 26, 152, 202. 

H, through Cu. — E. O. Braaten and G. F. 
Clark, Proo. Roy. Son, 1936, 153, 504 ; A. F. H. 
Ward, ibid. 1931, A, 133, 506, 522. 

O z through Cu. — F. Wilkins, ibid. 1930, A. 
128, 407. 

H 2 0 through Cu and N 2 through chrome 
iron. — J. H. De Boer and J. D. Fast, Reo. trav. 
chim. 1935, 54, 970. 

He through silica. — E. 0. Braaten and G. F. 
Clark, J. Amer. Chem. Soc. 1935, 57, 2714 ; 
Barrer, J.C.S. 1934, 387. 

H 2 through Ni, Cu, Mo and Fe ; N 2 through 
Mo. — C. J. Smithells and C. E. Ransley, Proc. 
Roy. Soc. 1935, A, 150, 172. 

H 2 through A). — Idem , ibid. A, 1935, 152, 706. 
CO through Ni. — Idem, ibid. A, 1936, 155, 
195 ; A, 1936, 157, 292. 

H 2 through Pd. — V. Lombard and C. Eichner, 
Bull. Soo. chim. 1933, [iv], 53, 1176, ibid. 
1935, [v], 2, 1555; Compt. Rend. 1935, 200, 
1846; ibid. 1936, 202, 1777. 

0 2 , NHj, S and P through Fe. — A. Bramley, 
P. W. Haywood, A. T. Cooper, and J. T. Watts, 
Trans. Faraday Soc. 1935, 31, 707. 

As a result of the above work the processes 
involved during the diffusion of gases through 
metals are known in outline at least. The first 
fundamental consideration is whether the gas 
passes through the crystals of the metal or 
penetrates through minute cracks and the filling 
at the crystal boundaries. Smithells and Rans- 
ley were able to show that the rates for the 
passage of hydrogen through fine and through 
large crystalline iron were identical and that 
diffusion must he through the body of the metal. 
On. the other hand, Wilkins (l.c.) and Ward and 
Wilkins (Z. physikal. Chom. 1929, 144, 259) 
showed that in tho case of oxygen through 
copper considerable lateral penetration round 
the boundaries occurs. A formula for the 
velocity of diffusion D across a metal plate 
from a pressure p on one Bide to zero pressure on 
the other was suggested by Richardson, Nicol, 
and Parnell (PhiL Mag. 1904, 8, I), who gave 

D=|vpT-e" 5? , 

where k and E were constants, d was the thick- 
ness of the metal, T the absolute temperature, 
and R the gas constant. This equation ignores 
the effect of the snrface of the metal in adsorbing 
the gas and it is now considered that unless this 
occurs the gas cannot penetrate the solid. Thus 
nitrogen will pass through iron or molybdenum 
but not through copper or nickel, while the 
inert gases will pass through glass and silica 
but not through metals (Barrer, l.c. ; S. Bern- 
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stem, Corapt. rend. Acad. Sci. U.R.S S. 1934, 
1,230 ; Ff.Dunwald and C. Wagner, Z. physikal. 
Chem. 1934, B, 24, 53). Smithells and Raasley 
have shown that the adsorbed film must be 
allowed for before the Richardson equation 
would represent their experimental results. 
They used the following modification for the 
change of D with p at constant temperature: 

The values of the constants a and fi agree with 
those obtained from direct adsorption measure- 
ments and the necessity for adsorption to occur 
before diffusion is possible seems clearly 
established. It may be noted that the adsorp- 
tion process would more easily allow the 
molecules of gas to be split into atoms, and the 
relationship Dap! indicates that diffusion 
should occur in that Btate. Ward (l.e.) con- 
siders the existence of atoms improbable, but 
B, Duhm (Z. Physik, 1935, 94, 431) has shown 
that for the case of hydrogen and palladium 
true dissociation into atoms can occur. 

In a recent communication J. Lynch (Nature, 
1937, 40, 363) has suggested that the mechanical 
properties of metals may be considerably affected 
by the solution of gases in them. In support of 
this contention he reported that the rigidity of 
a palladium wire waa decreased by over 20% 
when it contained 450 times its volume of 
dissolved hydrogen. 

Diffusion of Liquids and Dissolved 
Substances, 

The foundation of our knowledge of this 
subject was laid by the classical experiments 
of Thomas Graham (“ Chemical and Physical 
Researches," T. & A. Constable, 1876, pp. 444- 
COO). In his expenments.700 c c. of water were 
placed in a cylindrical jar and then 100 c.o. of 
the solution to be diffused were carefully con- 
veyed to the bottom of the jar with the aid of a 
pipette. After a suitable time portions of 50 c.c. 
were successively drawn off from the top ; these 
portions evaporated to dryness, and the amount 
of substance that diffused into each layer waa 
thus ascertained. Graham’s comparative experi- 
ments on the diffusive power of different sub- 
stances m aqueous solution led him to draw a 
distinction, which has become of tho highest 
importance, between the behaviour of easily 
crystalhsable substances and that of substances 
which are marked by the absence of the power 
to crystallise. So far as diffusibility is con- 
cerned, the distinction in question is based on 
the following figures, representing approximate 
times of equal diffusion : hydrochlono acid 1, 
sodium chloride 2 3, sucrose 7, magnesium 
sulphate 7, albumin 49, caramel 98. The 
difference in diffusive power of crystalloids and 
colloids is very evident from these figures. 

The significance of the quantitative results 
obtained by Graham was emphasised by Stefan 
(Sitzungsbcr. Akad. Wiss. \Y len, 1878, 78, [u], 
957 ; 1879, 79, [uj, 161), who showed that they 
were in harmony with Fick's diffusion law, 
which states that the diffusion of substances 
in aqueous solution is comparable with the 


distribution of heat in thermal conductors. 
Fick’s Law is expressed by the formula 

<fS=— D g-p-dl, 

1 dx 

where dS is the amount of substance crossing 
a seotion of the diffusion column m time dl, 
the sectional area of the column being q sq. cm! 
and dcjdx being the concentration gradient. 
The constant D is known as the diffusion co- 
efficient. Stefan published tables from which 
the diffusion coefficient could be obtained 
directly from the analytical results after the 
solution had been divided into four portions. 
The method was modified by Oholm (Z. physikal. 
Chem. 1904, 50, 309) and it is sometimes called 
after him. Its modern form is described by 
D. Kruger and H. Grunaky {ibid. 1930, 
150, 115 ; 1934, 170, 161). A special ap. 
paratns for dividing the liquid into portions 
after diffusion was devised by E. Cohen and 
H. R. Brums (i6id. 1023, 103, 349), who 
carried out some extremely careful deter- 
minations of the diffusion of symmetrical 
tetrabromoethane into tetrachloroethane be- 
tween the temperatures of 0 44° and 6M0°C. 
They discovered deviations from Fick’s Law 
amounting to about three times the magnitude 
of the possible experimental error. In any 
method tho time, required for diffusion to occur is 
considerable, and there is consequently ample 
opportunity for the solutions to be mixed by 
convection currents or by shaking, unless the 
apparatus is very firmly bedded and the 
temperature remains absolutely constant. These 
difficulties have been largely overcomo by the 
introduction of a micro method by R, FUrth 
(Physikal. Z. 1925, 26, 719). The cell is approxi- 
mately lOx 15x 1 mm. and is mounted on the 
stage of a microscope through which the 
progress of diffusion can be observed. Results 
that are accurate to ±6% can be obtained 
in experiments lasting only 15 minutes. The 
method has been carefully worked out by K. 
Sitte and can be used with very dilute solutions. 
Full details of the experimental precautions 
are given in the following series of papers and 
the complete apparatus is now marketed by 
Karl Zeiss under the name of “ Mikrodiffuaions- 
apparat nach FUrth & Zuber" (R. FUrth, Z. 
Physik, 1932, 79, 275 ; R. Zuber, ibid. 280, 
291 ; R. Zuber and K. Sitte, ibid. 306, 320; 
R. Fiirth and R. Zuber, ibid. 1934, 91, 600 j 
K. Sitte, » bid. 617, 622, 642, 651). 

A third method of measuring diffusion co- 
efficients which is capable of giving very 
accurate results is to measure the amount of 
material that penetrates a fine sintered glees 
filter. The method was discovered by J- R- 
Northrop and M. L. Anson (J. Gen. Physiol. 
1929, 12. 543), and the details have been worked 
out by J. XV. McBain and co-workers (J. Amer. 
Chem. Soc. 1931, 53, 59 ; 1933, 55, 432, 645) 
They have made numerous measurements with 
the apparatus and have used it in particular for 
the investigation of large molecules They 
have shown that colloidal particles can be made 
to diffuse normally and that the rate can 
be used as a method of determining their mole- 
cular weight. Thus a value of 34,000 was ob- 
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tained for egg albumin at its isoelectric point, 
which is in remarkable agreement with Sved- 
berg’s values of 34, 500± 1,000 by sedimentation 
equilibrium and 34,000 by osmosis. It is 
interesting to note that Svedberg could not 
obtain satisfactory values by diffusion, which 
McBain attributes to the use of buffer solutions, 
which he points out are difficult to maintain at 
identical concentrations on both sides of the 
diaphragm ; secondly, they may cause a 
change in the size of the molecule under 
investigation, and thirdly, make analysis more 
difficult (see McBain, C. R. Dawson and H. A. 
Baker, J. Amer. Chem. Soc. 1934, 56, 1021). 
Contributions to the mathematics of the theory 
of diffusion have come from T. Katsurai and K. 
Kawashimo (Kolloid Z. 1936, 75, 37), also 
from W. G. Eversole and E. W. Doughty (J. 
Physical Chem. 1935, 39, 288), but the future 
development of the subject seems to call 
for the systematic tabulation of accurate 
data. 

The difference in the rate of diffusion of heavy 
and light molecules through suitable membranes 
has been utilised for the removal of electrolytes 
from colloidal particles by dialysis. The 
membrane selected, however, is as far as 
possible semipermeable and consequently the 
process really belongs to the phenomena of 
osmosis. 

Since the time of Graham the majority of 
experiments have confirmed that Pick’s Law is at 
least approximately obeyed. A number of 
examples have, however, been found of materials 
that diffuse very much faster than anticipated 
and these substances were said to exhibit 
anomalous diffusion. This was first observed 
by R. O. Herzog and A. Polotzky with dyestuffs 
(Z. physikal. Chem. 1914, 87, 449); other 
examples, which were found, generally involved 
natural products, and explanations, like specific 
reaction with the solvent or lack of purity of the 
materials, were advanced. These had to be 
abandoned when H. Freundlich and D. Kruger 
showed that similar deviations could be obtained 
with substances of small molecular weight 
(Trans. Faraday Soc. 1935, 31, 906). For 
example, a solution of quinone diffusing into 
water obeys Pick’s Law, but if both solutions are 
normal with respect to potassium sulphate 
anomalous results are obtained. The whole 
subject is critically reviewed by the above 
authors and they have shown that the anomalous 
results are attributable to the concentration 
gradient of the quinone causing the uniformly 
distributed substance (potassium sulphate) 
also to diffuse, owing to a mutual change in 
the solubility of the two solutes. In con- 
sequence, in the course of the diffusion process, a 
thin layer of the liquid on the border line 
of the two solutions becomes less dense than the 
solution immediately above. This inadmissible 
density gradient produces convection currents 
which obscure the normal process of diffusion. 
The correctness of this assumption was proved 
by the fact that the abnormality disappeared 
when care was taken that the solution above 
was to a sufficiently marked degree less dense 
than the one below. It should be noted that the 
phenomenon occurs only in the boundary layers, 
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and consequently the sharpness df the boundary 
between the two liquids is not affected. 

Diffusion of Solids! 

The possibility of diffusion processes occurring 
with solid materials was indicated by the 
manufacture of steel by the cementation process ; 
but in spite of its importance industrially, it is 
only recently that much published work has 
appeared on the subject. The first example of 
solid diffusion to be studied was that of gold 
into lead ; this was shown by Roberts-Austin 
(Phil. Trans. 1896, 187, 383) to occur', to an 
appreciable extent in 40 days at temperatures 
between 100° and 200°C. In a subsequent 
paper (ibid. 1900, 67, 101) it was stated that 
.the process could be detected at room tempera- 
tures but that time had to be measured in periods 
of years. A. E. van Arkel (Metall-Wirt. 1928, 
7, 656) introduced an ingenious method of 
following diffusion when ho coated a copper wire 
with a layer of nickel by electrolysis and was 
then able to detect any change by the variation ' 
of electrical conductivity of the composite wire. 
He found that the transfer of metal became 
appreciable above 800°C. O. Tanaka and 
Matano (Mem. Coll. Sci. Kyoto, 1931, 14, A, 
59, 123) studied the temperature coefficient for 
the diffusion of silver into gold and of nickel into 
copper ; and the same measurements were 
made for gold into lead by G. von Hevesy and 
W. Seith (Z. Elektrochem. 1931, 37, 528). 

W. Seith and co-workers have in recent 
years published a series of excellent experi- 
mental papers. Using a radioactive indicator — 
thorium B — they followed its movement into 
crystals of lead and showed that in this sym- 
metrical lattice the rate was practically the 
same in any direction (Z. Elektrochem. 1933, 39, 
638). The experiments were then repeated with 
bismuth and it was found that the diffusion in a 
direction perpendicular to the crystalline axis 
was very much faster than when it was parallel 
to it. A technique was then worked out by 
which the course of diffusion could he followed 
by cutting thin layers of the metal and finding 
their composition by spectrum analysis. The 
rate of movement of magnesium, cadmium, 
nickel and mercury in lead ; lead, mercury and 
platinum in cadmium ; and platinum into 
zinc were then determined (ibid. 1934, 40, 318 ; 
Z. Metallk. 1932, 24, 193). The results obtained 
were then checked by measurements for a series 
of metals diffusing into silver at temperaturos 
between 650° and 895°C. (Z. Elektrochem. 
1936, 42, 570). The authors have been able to 
show that in general Fick’s Law is obeyed and 
that diffusion D varies with temperature T 
according to the formula 

log D=— A/T-f-B, 

where A and B are constants. Similar con- 
clusions were reached by A. Bramley and co- 
workers for the diffusion of carbon, sulphur, 
nitrogen and phosphorus into iron and steel 
(Trans. Faraday Soc. 1935, 31, 707). The effect 
of a second element on the diffusion of a 
third was also studied with very interesting 
results. The presence of 0-6% of carbon re- 
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duced the velocity of the movement of sulphur 
by one half. On the other hand, the presence 
of sulphur or phosphorus almost entirely 
prevents the movement of carbon and, in the 
case of phosphorus, the carbon is driven before 
it into the metal. The penetration of nitrogen 
is of particular importance owing to its applica- 
tion to the hardening of special steels. It waa 
found that the presence of oxygen favoured the 
mtriding process, but when the specimen waa 


reduced by hydrogen for 200 hours before 
nitridmg, instead of a minimum value being 
obtained, the process waa nearly os fast as in 
the presence of the optimum amount of oxygen. 
Anomalies of this type require much experi- 
mental work for their elucidation, but, since 
traces at least of these elements may be expected 
in any commercial sample of steel, they may 
prove to be of the utmost importance. 

R. H. p. 
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